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EXECUTIVE SUMMARY 

BIOLOGICAL AND ECOLOGICAL SITE CHARACTERIZATION 

This seczion summarizes field and laboratory studies 

conduced at the FMPC from June, 1986 through June, 1987. T h e  

major items to be accomplished per contract were (1) plan a?d 

lay-out permanent transects to be utilized in gathering 

biological and ecological data, ( 2 )  identify aquatic and 

terrestrial life forms within the environs of the FMPC, (3) 

prepare a catalog documenting the location and associated 

habitat of all species found, ( 4 )  determine species distribution 

and abundance, ( 5 )  determine the possibility of stress-induced 

differences between onsite and offsite plant and animal 

populations using electrophoretic techniques, and (6) interpret 

the results of the study. 

The study area included six major terrestrial habitats 

within the 425ha of the FMPC site excluding the production area 

(55ha). The six habitats characterized (Fig. 1) were riparian, 

deciduous woodlots, pine plantations, reclaimed fly ash pile and 

grazed and ungrazed pastures. Eleven 600m permanent transects 

were established for the characterization of terrestrial flora 

and fauna. Eight onsite sampling stations were established 

along Paddy's Run (Fig. 2); these were used to quantify fish and 

benthic communities and to determine possible effects of stress 

on genetic structure. Offsite populations were used for 

comparison purposes for several taxonomic groups including 

benthic macroinvertebrates, fishes, and birds. When used, such 
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sc?uiations weze selected or. ::?e basis cf c v e r a l l  ;?ak:,zac 

s:.-il3,r-ty (based prrmarily Epon v e g e t a t i o c a i  ar.d t?poqrapr-:z 

characteristics) t o  those onsite  areas under i n v e s t i q a t l s z  37.2 

( o r )  t h e  presence of the appropriate taxonomic group(s). 

Results  are discussed w i t h  respect t o  current land use 

p r a c t i c e s ,  seasonal changes i n  population o r  community structzra 

and t o  other onsite  or o f f s i t e  studies of b i o t i c  community 

structure or  environmental s t r e s s .  

Over 8 5 , 0 0 0  organisms were tabulated representing the most 

comprehensive b i o l o g i c a l  s i t e  characterization of the FMPC t o  

d a t e .  Most were invertebrates (69%), followed by vertebrates 

( 1 7 % )  and plants  ( 1 4 % ) .  

r e l a t i v e  abundance of 601 taxa and includes 190 species  of 

herbaceous plants,  47 species  of t r e e s  and shrubs, 1 3 2  families  

of t e r r e s t r i a l  invertebrates,  47 families  of benthic 

macroinvertebrates, 21 species  of  f i s h ,  10 species  of amphibians 

and r e p t i l e s ,  98 species of birds and 8 mammalian s p e c i e s .  

Appendix B includes a l i s t  of incidental  s i g h t i n g s  of  4 1  species 

and Appendix C i s  an annotated l i s t  of terms used throughout 

t h i s  report.  

Appendix A i s  a seasonal l i s t i n g  of the 

No f e d e r a l l y  endangered plants  o r  animals were recorded. 

Cooper's hawks (Accipiter cooperil) and t h e  Cincinnati  c r a y f i s h  

(Orconectes sloanff), l i s t e d  as threatened i n  Ohio, were Seen 

frequently i n  t h e  pine plantations and Paddy's Run, 

r e s p e c t i v e l y .  

Onsite t e r r e s t r i a l  plant  and animal communities were 

h e a v i l y  impacted by current FMPC land management p r a c t i c e s .  



fzaqzencacion and heterogeneity, as well  as t h e  reducci3.: .cf 

corridors hporzant i n  the s t a b i l i z a t i c n  o f  many p i s n c  ar.b 
. .  animal communities. Whereas we know o f  no other s i t e  s l z i L a =  z :  

the FKPC (one where a l l  of these management practices are o r  

have been implemented), the responses noted on the FKPC seem :,o 

be those one would expect on a s i m i l a r l y  managed s i t e .  That is, 

those areas onsite which are grazed seem t o  be comparable to 

o f f s i t e  grazed areas and so f o r t h .  The most severely disturbed 

t e r r e s t r i a l  habitat  seemed t o  be the reclaimed f l y  ash p i l e .  

R e l a t i v e l y  undisturbed h a b i t a t s  were r e s t r i c t e d  t o  the narrow 

riparian community along Paddy’s Run and t o  three small isolated 

woodlots. 

F l o r i s t i c  and f a u n i s t i c  community structure were most 

s imilar  w i t h i n  pastured, pine and riparian habitats and highly 

variable  within woodlots. Most o f  the FMPC was maintained i n  

e a r l y  s t a g e s  of succession by mowing and grazing.  Woodlots were 

heavily  encroached by neighboring pastures as evidenced by 

grasses being t h e  dominant ground cover. L i t t e r  ( l e a v e s ,  twigs 

and bradchas) replaced vegetation a s  the dominant ground cover 

i n  h e a v i l y  grazed woodlots. Thus, habitat  fragmentation and 

current land use practices  accounted f o r  the r e l a t i v e l y  high 

o v e r a l l  t e r r e s t r i a l  b i o t i c  d i v e r s i t y  on the FMPC. The narrow 

undisturbed riparian habitats  consistently  ranked highest i n  

d i v e r s i t y  for any p a r t i c u l a r  b i o t i c  group, and were most similar 

t o  mature woodlands expected for southwestern Ohio. 



Herbaceous 8nd Woody P l a n t s  

Summer herbaceous f l o r a  cons i s t ed  of 98  species  

represent ing  38 f ami l i e s .  FMPC woodlots contained 3 2 - 4 3 %  fewer 

spec ie s  than o f f s i t e  woodlots. Compared t o  comparable s i t e s  i n  

southwestern Ohio, s eve ra l  spec ies  were e i ther  absent  o r  preser.: 

i n  very low numbers on t h e  FMPC. These i n c l u d e d  two f e r n  genera 

(Botrychium and Asplenium), an orchid (Lipria), t i c k  t r e f o i l  

(Desmodium s p . )  , and bedstraw (Galium a p a r i n e )  . More 

s i g n i f i c a n t  was t h e  r a r i t y  or absence of s e v e r a l  t axa  normally 

common t o  d i s tu rbed  or success iona l  communities inc luding  

honeysuckle (Lonfcera) , dogbane (Apocynum), a s t e r s  (Aster spp.  ) , 
and t h e  f leabanes  ( E r f o g e r o n  spp. 1 . Some of t h e  reduct ions  may 

have been caused by sampling smaller fragmented h a b i t a t s  and by 

p re sen t  and h i s t o r i c  land management p r a c t i c e s  a t  t h e  FMPC. 

Spring f l o r a  was more spec ie s  rich, y e t  less diverse by  

h a b i t a t  type  than i n  summer. One hundred and fo r ty - th ree  

s p e c i e s  of s p r i n g  f lowering p l a n t s  were recorded; 70 had not 

prev ious ly  been repor ted  o n s i t e ,  and 1 2 ,  inc luding  f r inged  brome 

g r a s s  (Bromus c f l f a t u s ) ,  dwarf c inque fo i l  ( P o t e n t i l l a  

canadensis), b lue  l e t t u c e  (Lactuca  b f  e n n i s )  , broom sedge (Carex 

scoparfa), and beggar- t icks  ( B f d e n s  v u l g a t a )  , had not  been 

documented nearby o f f s i t e .  Most of t hese  a r e  c h a r a c t e r i s t i c  of 

d i s t u r b e d  communities. Ten spec ies ,  common i n  o f f s i t e  woodlots, 

r ep resen t ing  s i x  important p l a n t  fami l ies ,  were i n  extremely low 

abundance or were missing (e .g., squi r re l -corn  ( D f  c e n t r a  

canadensis) , and Dutchman's breeches (D. c u c u l l a r i a )  1 .  



Thirty-four s2ecies ~f trees were found on t h e  3 P C ;  . r  - 2  . 

( 4 7 3 )  were present a s  Saplings.  iach wooded habitat was 

dominated b y  a s e t  of d i f f e r e n t  s p e c i e s .  T h e  two pine 

pLantazions were most similar t o  each other; the reclaimed f l : ~  

ash p i l e  was l e a s t  similar t o  other FMPC wooded h a b i t a t s .  

Ri?arian habitats lacked the large sycamores, s i l v e r  maples ar.d 

cottonwoods t y p i c a l  of a mature riparian system i n  southwester, 

Ohio. A l l  of the woodlots were i n  various successional stages,  

had high shrub and t r e e  d e n s i t i e s ,  b u t  lacked the large dominant 

species t y p i c a l  of mature woodlots ( e . g . ,  American beech was n o t  

recorded and t r e e s  seldom averaged over 20 m i n  h e i g h t ) .  

Several t r e e  and shrub species expected t o  be found o n s i t e  were 

absent.  Perhaps the most notable o f  these were American beech- 

(Fagus grandifolia) ? alianthus (Alianthus alianthus) , American 

hornbeam (Carpinus carolfniana) , hop hornbeam (Ostrya 

virginiana), mulberries (Morus rubra and M. alba) , t u l i p  t r e e  

(Liriodendron tulipifera), pawpaw (Asimina triloba), and 

spicebush (Ledera benzoin) . 

Torroatri .1  I n r o ~ o b r 8 t o a  

Nearly 24,000 t e r r e s t r i a l  invertebrates, representing 1 2 7  

f a m i l i e s  and 1 5  orders, were c o l l e c t e d  and i d e n t i f i e d .  Plant- 

e a t i n g  i n s e c t s  and f l i e s  (Diptera) were the most prevalent 

,groups within t h e  habitats studied.  Dominant forms included the 

grasshoppers, leafhoppers and a v a r i e t y  o f  dipteran f a m i l i e s .  

R e l a t i v e  i n s e c t  d e n s i t i e s  were highest for the pastures and 

lowest f o r  the woodlots. Most invertebrate groups were 



represented by only a f e w  -.. ; n a i v ' d u a l s  - * , and, even i n  t5e 

past1Lres, var ied  considerably w i t h i n  and b e t w e e n  habi tzz  z : i ; e s .  

For  example, two hab i t a t s  with herbaceous p l a n t  corrimxnities v e r y  

s imi l a r  t o  one another  ( G P 1  and UGP; Coe f f i c i en t  of 

S imi l a r i t y=0 .705) ,  were least  s imi la r  when comparing insec t  

communities ( X  2 (azo. 05, d f = l l )  -1927.78,  p<O. 005; a n a l y s i s  based 

upon number of i nd iv idua l s  pe r  f a m i l y ) .  

Two famil ies  of s p r i n g t a i l s  (Entomobriadae and 

Sminthuridae: Collembola; small i n s e c t s  which i n h a b i t  leaf  

l i t t e r ) ,  d id  n o t  co-exis t  within t h e  same hab i t a t .  Spiders  were 

abundant i n  t h e  reclaimed f l y  ash p i l e  and r i p a r i a n  habi ta t s ;  

s n a i l s  were p resen t  on ly  i n  t h e  deciduous wooded communities. 

Terrestr ia l  i n v e r t e b r a t e  p a t t e r n s  on t h e  FMPC seemed t o  be 

related t o  t h e  degree of p a s t u r i n g  and h a b i t a t  i s o l a t i o n .  

B o n t h i c  W8croinvortobr8to8 

Sampling of t h e  ben th ic  macroinvertebrate  community p re sen t  

i n  Paddy's Run dur ing  November and December, 1986 and again 

du r ing  February, 1987 revealed a r e l a t i v e l y  rich ben th ic  fauna 

wi th in  the stream. Representa t ives  of some 53 families were 

i d e n t i f i e d .  Species richness was always greatest a t  P R 1 ,  t h e  

s i t e  upJtream of FMPC input ,  and least a t  PR5, located down- 

stream of t h e  waste-pit area. 

During t h e  f a l l  of 1986, t h e  non-bit ing midges (Family 

Chironomidae) were most numerous a t  PR8 ( -3 ,000 

i nd iv idua l s /me te r2 ) .  

(-2800 individuals/rneter*) . 
The d e n s i t y  was n e a r l y  as great a t  PR3  

Of t h o s e  sites sampled i n  February, 



1 3 8 7 ,  t?.e sediments a t  ??.3 c D r . t s i n e d  t h e  h i g h e s t  r .crber  cf 

I n d i v i d u a l s  w i t h  a dens i ty  O f  !?ear ly  2 5 , 0 0 0  i n d i v i d c a l s ; r . e c e r L .  

?R8 w a s  d r y  i n  February, 1 3 8 7 ,  t h u s  r.0 seasonal conparison i s  

possible f a r  t h i s  l oca t ion .  Chironomid la rvae  dominaced :earl:i 

a l l  samples during both seasons c o n s t i t u t i n g  approxinately 7 5 %  

and 98% of a l l  ind iv idua ls  c o l l e c t e d  a t  PR8 ( F a l l ,  1986) ar.d ; ?3  

(February, 19871, r e spec t ive ly .  Other  s t u d i e s  (Winner e t  a i .  

1975, 1980; Sheehan 1980)  have shown increased numbers of 

chironomids i n  r e l a t i o n  t o  o t h e r  taxa  within t h e  community t o  be 

highly  c o r r e l a t e d  w i t h  environmental stress.  

Shannon-Weiner d i v e r s i t y  ind ices  based upon t h e  February, 

1987 c o l l e c t i o n  were not iceably  depressed p r imar i ly  due t o  t h e  

preponderance o f  non-biting midges. For t h i s  reason, f u t u r e  

monitoring e f f o r t s  would probably y i e l d  more cons i s t en t  resu l t s  

i f  carried out  l a t e r  i n  t h e  sp r ing  a f t e r  emergence of most of 

t he  chironomids. 

Q u a l i t a t i v e  sampling a t  var ious  loca t ions  within t h e  stream 

revea led  t h e  presence of s i z e a b l e  populat ions of t h e  Cinc inna t i  

c r a y f i s h  (Orconectes s l o a n i i ) .  This  spec ie s  i s  p r e s e n t l y  l i s t e d  

as th rea t ened  by the S t a t e  of Ohio. 

T i 8 h  

F i s h  c o r n u n i t i e s  within Paddy's Run were sampled i n  J u n e ,  

1986, March, 1987, and June, 1987. Indiv idua ls  represent ing  20 

t a x a  were collected. Only t w o  spec ies ,  creek chubs (Semotilus 

atromaculatus), and central stoneroller minnows (Campostoma 

anomalum), were common t o  a l l  s i tes  and sampling dates. Johnny 



d a r t e r s  (Etheostoma n i T r w n )  , a?.d klz.?rr.cse ~ T I ' T . T . C X S  (E'i.~e.shalcs 

n o t a t y s )  , were the sec3Ed-most f=e?2eZtly cbsersred s c e c i e s  be:?.: 

absent only from PR9 during March, 1987. I t  should be .?oted, 

however, that P R 9  was sampled only a t  that time a s  s i t e s  P34 

through P R l O  and P R 6  through P R 9  were dry during june, 1986, ar.a 

June, 1 9 8 7 ,  r e s p e c t i v e l y .  P R 9  was a l s o  the most depauperate 1s 

only four species were c o l l e c t e d  a t  t h a t  l o c a t i o n .  

Species richness was usually  greater a t  upstream (above 

P R 3 )  than a t  downstream (below P R 3 )  s i t e s .  The major exception 

t o  t h i s  occurred i n  March, 1 9 8 7 ,  when species richness was 

g r e a t e s t  a t  P R 1 1 .  Paddy's Run exhibited e i t h e r  greater  o r  

l e s s e r  species richness and d i v e r s i t y  than d i d  Harker's Run, an 

o f f s i t e  stream used f o r  comparative purposes, dependent upon the 

time of sampling. Based upon species richness and d i v e r s i t y  

data,  benthic macroinvertebrate data, and electrophoretic  

a n a l y s i s ,  it i s  c l e a r  that  animal communities i n  Paddy's Run 

were stressed.  

B i r d 8  

Eighty-two species of breeding birds were recorded. 

Species richness and species d i v e r s i t y  were highest  i n  the 

riparian habitats during the summer of  1 9 8 6 .  Doves, robins and 

blue jays occurred most frequently and goldfinches,  song 

sparrows and robins were o f  g r e a t e s t  d e n s i t y .  These and other 

ground foraging species,  t y p i c a l  of e a r l y  successional  

communities, dominated t h e  avian community. Eleven species  



norna l ly  present  i n  sirri~La= habits: t y p e s  were abser.t f r , ~  ::-? 

FY?c. Most of these were I n S e C i i v o r e S  ( e . 9 .  I COF~TCP, .".L:;.Z?.~W<I 

permanent  res idents  dominated t h e  36  species of  Z L = = ~  

w i n t e r i n g  o n s i t e .  Species richcess was depressed 2 5 - 7 2 3  fr2.- 

summer t o  winter  depending upon h a b i t a t  type,  b u t ,  w i t h  spec-es 

d i v e r s i t y ,  was h ighes t  i n  the  three woodlots ( F i g u r e  3 ) ;  aver3q3 

d e n s i t i e s  were depressed 7 0 % .  

over-winter, al though i n  small numbers, i n  t h e  Cinc inna t i  a rea  

were absent  from t h e  FMPC. The most notab le  of these were t h e  

white-crowned sparrow (Zonotrichia l e u c o p h r y s ) ,  swamp sparrow 

(Melospiza g e o r g i a n a ) ,  fox sparrow (Passerella i l i a c a ) ,  f i e l d  

sparrow ( S p i t e l l a  pusilla) , and cedar waxwing (Bombyci l la  

c e d r o r u m ) .  The l a t t e r  two spec ie s  were expected as both were 

p resen t  i n  good numbers dur ing  t h e  breeding season. As 

s u f f i c i e n t  h a b i t a t  was available for these and o t h e r  expected 

but  missing spec ies ,  w e  can only assume tha t  t h e y  were absent 

due t o  food l i m i t a t i o n s ,  climate, or other  unknown f a c t o r s .  

Fourteen spec ies  t h a t  normally 

Species  richness and d i v e r s i t y  were higher  than  expected i n  

t h e  pas tu red  areas; probably due t o  t h e  presence of trees i n  

most grazed areas and t o  t h e  nearby presence of woodlots. We 

can offer no explana t ion  why golden-crowned k i n g l e t s  (Regulus 

calendula), h igh ly  abundant i n  t h e  nor thern  p ine  area, were 

v i r t u a l l y  absent  i n  t h e  southern p ines .  

Twelve migrant species of b i rds  were recorded on t h e  FMPC 

dur ing  t h e  s p r i n g  of 1987.  Because of t h e i r  t r a n s i e n t  and 

sporad ic  occurrence,  avian sp r ing  migrants  are not  recommended 

f o r  monitoring changes i n  community s t r u c t u r e  o n s i t e .  

t b  



G r o w t h  in Dovos and Robins 

Xeproductive success and growth parameters of mournizg 

doves ar,d American robins showed species and site specific 

differences. Hatching and fledging success of doves was 

. -  - _  

j 

I 
significantly lower in the northern as compared to the souther? 

pines. Nestlings of onsite doves did not differ significantly 

from offsite nestlings in any of the six growth parameters - 

measured. FMPC robin eggs from the northern pines weighed 

significantly less than robin eggs from the southern pines and 

from offsite populations. FMPC robins showed significant 

suppressed growth in four of the five prefledging growth 

parameters measured as compared to offsite populations. Species 

differences in suppressed growth are attributed to differences 

in diet and to potential differences in onsite physiological 

stress. 

c 

s-11 M-818 

During the summer of 1986, small mammal (voles, mice, 

shrews, etc . )  populations were sampled from each FMPC habitat 

type. Several unexpected findings resulted, and the 

significance of each is discussed hereafter. 

Short-tailed shrews (B lar ina  brevfcuuda) , present in 8 of 
11 FMPC habitats, occurred in greater density than reported in 

other Ohio or Indiana studies. The capture rate (2.22 

individuals per trap night) on the reclaimed flyash pile (RFAP) 

was 3 to 10 times that of any other FMPC habitat and 4 to >50 



t imes :hac reporced f o r  o f f s i t e  ;cFulacions. As s:?,zse daza Lr. 

c-, L:-e i i :eratu=e do r.ct percair? t o  recl2irned f l y a s h  c i i e s  o z  F L : ~ ,  

no  d i r e c t  comparisons were m d e .  Shorc- ta i led shrews are: l is :ec  

as  one of t he  most common small mammals i n  Butler C o u n t y ,  C h i z ,  

however wooded h a b i t a t s  a r e  genera l ly  thought t o  be optimal f z r  

t he  spec ie s .  

The p r a i r i e  deer  mouse (Peromyscus maniculatus bairdii) 1s 

t h e  t h i r d  most abundant mouse i n  neighboring Indiana.  D u r i n g  

3960  t rap-n ights  ( T e i n  a l l  h a b i t a t s  a t  t h e  FMPC during J u l y  

and August ,  1986, no p r a i r i e  deer mice were captured even though 

more than 5 5 %  of t h e  t o t a l  a rea  of t h e  FMPC wa3 a t  l e a s t  

marginal ly  s u i t a b l e  h a b i t a t .  Nearly 30% of the  FMPC ( i n  excess 

of 108 hec ta re s )  was ungrazed o r  only l ight ly-grazed grassland,  

and was considered t o  be good t o  prime h a b i t a t  for t he  p r a i r i e  

deer mouse. 

p l a n t a t i o n s  should a l s o  support  moderate t o  l a rge  numbers of 

deer mice. 

a s  5-7 animals t o  occur  within t h e  a r e a  

used, b u t  none were caught on t h e  FMPC. When one considers t h a t  

'normal' numbers of white-footed mice (P. leucopus 

noveboracensfs) were c o l l e c t e d  i n  h a b i t a t  appropr ia te  for t h i s  

c l o s e  r e l a t i v e  of t h e  deer mouse, t h e  t o t a l  absence of the  

l a t t e r  spec ie s  i s  unexplainable a t  t h e  p r e s e n t  t i m e .  

The house mouse (Mus musculus), which normally occurs w i t h  

The mowed s t r i p s  and borders  I n  and around the  pine 

Based upon t h e  work of o the r s ,  w e  expected a s  many 

of each t rapping  g r i d  

t h e  white-footed mouse, is t h e  most commonly caught species  i n  

Indiana and was reported as being present  'everywhere' i n  But ler  

County, Ohio. The best house mouse h a b i t a t  a t  t h e  FMPC, 



exclusive  o f  buildings,  wouL5  acpear :a be the ur.qrazed casz,r% 

and grassy borders surrounding the pine plantatiens foilowed ‘zy 

the XFAP. I n  somewhat similar h a b i t a t ,  a capture rate of 0 . 6 7 -  

7 . 9 0  a2imals/100TN would be expected i n  l a t e  summer and e a r l y  

winter, r e s p e c t i v e l y .  Thus, we expected house mice t o  be 

present a t  the FMPC i n  large numbers, b u t  none were captured. 

Considered i n  i s o l a t i o n ,  each of the above observations could be 

nothing more than sampling e r r o r .  B u t  when one a l s o  considers 

the absence o f  p r a i r i e  v o l e s  (M. ochrogaster), a common species 

inhabiting the dry uplands of Butler County, Ohio and woodland 

v o l e s  (M. pinetorurn),  r e l a t i v e l y  common i n  neighboring Indiana 

counties and noted a s  present i n  Hamilton and Butler  Counties, 

Ohio, o n s i t e  small mammal populations appear t o  be s t r e s s e d .  

Gam. Y-818 8nd Owl8 

The FMPC supported clumped d i s t r i b u t i o n s  of game animals 

and owls, and inter-  and intrahabitat  d e n s i t i e s  varied 

considerably, but compared favorably w i t h  o f f s i t e  q u a i l ,  fox 

s q u i r r e l  and deer populations as reported i n  the l i t e r a t u r e .  

FMPC rabbit  densities were lower than those noted i n  the 

l i t e r a t u r e  for similar h a b i t a t s .  



POPULATION GENETICS 

T e r r e s t r i a l  Plants 

Two spec ies  of plancs (Asclepias syriacus, common m i l k w e e - l ;  

Taraxacum officinale, dandelion) w i t h  d i f f e r e n t  reprodxct ive 

p a t t e r n s  were selected f o r  ana lys i s  of population gene t i c  

s t r u c t u r e .  Milkweeds reproduce sexual ly  w h i l e  t h i s  species cf 

dandelion e x i s t s  as a t r i p l o i d  u t i l i z i n g  asexual  reproduction. 

T w e n t y  m i l k w e e d  p l a n t s  were c o l l e c t e d  from each of four  FMPC 

s i t e s  and an o f f s i t e  sample was obtained near  Oxford, Ohio. 

Heterozygosity (having t h e  two genes a t  corresponding l o c i  

on homologous chromosomes d i f f e r e n t  f o r  one or more l o c i )  i n  a 

populat ion i s  one of major methods f o r  maintaining population 

g e n e t i c  v a r i a b i l i t y .  The observed amount of heterozygosi ty  was 

I lower than  expected I n  a l l  milkweed populat ions,  including t h e  

o f f s i t e  population, surveyed. Heterogeneity tes ts  d id  not 

i n d i c a t e  unusual changes I n  t h e  FMPC samples. I 
Dandelions were sampled from 13 FMPC sites ( 2 0 / s i t e )  

r ep resen t ing  f o u r  h a b i t a t  types and an o f f s i t e  sample was 

obta ined  near Oxford, Ohio. Since these p l a n t s  are t r i p l o i d  

asexuals ,  i nd iv idua l s  wi th  the  same gene t i c  composition 

represent members of a s i n g l e  c lone.  S i g n i f i c a n t  differences 

were noted among dandelion samples from d i f f e r e n t  hab i t a t s  

r e f l e c t i n g  land management e f f e c t s  on populat ion gene t i c  

s t r u c t u r e .  We found many clones a t  each sample s i t e  w i t h  t h e  

except ion of a s i te  nea r  t h e  old inc ine ra to r ,  located near t h e  

sewage t rea tment  p l a n t ,  where 10 of 20 p l a n t s  were i d e n t i c a l ;  



the population a t  t h i s  s i t e  had the lowest observed 

heterozygosity ( 8 % )  of any sampled. Some unknown S Z T ~ S S C Z  ( 5 )  z z  

t h i s  location may be a c t i n g  as s e l e c t i v e  agents wi:h c h e  

dominant clone being able to survive s t r e s s  b e t t e r  than or-:?er 

clones.  

Amphibhn T8dpOl.8 

Two amphibian species ( E t  fo americanus, American toad; H y l a  

crucifer,  spring peeper) were found breeding o n s i t e .  I n  May, 

1 9 8 6  we c o l l e c t e d  50 toad tadpoles from a pool immediately south 

of the northern pine plantation and sampled an o f f s i t e  

population from Hueston Woods S t a t e  Park near Oxford. A t  the 

same time, we captured 60 spring peeper tadpoles from an 

ephemeral pond i n  t h e  waste p i t  area; while we were not able to 

obtain an o f f s i t e  t r e e f r o g  sample i n  1 9 8 6 ,  i n  1 9 8 7  we resampled 

the waste p i t  pond and a l s o  found an o f f s i t e  s i t e  for spring 

peeper tadpoles near Reily,  Ohio. The two toad populations were 

s i g n i f i c a n t l y  d i f f e r e n t  a t  4 2 %  of  the v a r i a b l e  l o c i  studied; 

these d i f f e r e n c e s  might be a t t r i b u t a b l e  to environmental f a c t o r s  

or aspects of toad breeding behavior. 

the FMPC .pool i n  spring, 1 9 8 7 .  

Toads d i d  not breed i n  

S p s h g  peeper tadpoles from t h e  waste p i t  area pond were 

unique. There was a s i g n i f i c a n t  d e f i c i e n c y  of  heterozygotes a t  

a lactate  dehydrogenase locus. A n u l l  ( i n a c t i v e )  a l l e l e  was 

found a t  the glucose phosphate isomerase ( G P I )  enzyme locus i n  

s i g n i f i c a n t  frequencies (approximately 2 0 % )  each year; t h i s  

a l l e l e  d i d  not occur i n  the o f f s i t e  sample c o l l e c t e d  



approxinately 1 5  km from the  3 2 C .  N u l l  a l l e l e s  a c  ::?is ~ G C , S  

nave r.ct been reporred in ot,:?er ampkibian ?opulat ions;  wher! :T.P-, 

nave been f o u n d  i n  o t3e r  organisms t h e y  have invar iab ly  been 

l e t h a l  i n  :he homozygous condi t ion .  A l l e l e s  a r i s e  due t o  poi.?: 

mutations.  T h i s  n u l l  a l l e l e  may have r e su l t ed  from a mutation 

occurr ing I n  t r e e f r o g s  found  i n  t he  waste p i t  a r e a .  I f  two 

f rogs  heterozygous for t h e  n u l l  a l l e l e  mate, and t h i s  a l i e l e  1 s  

l e t h a l  when homozygous a s  i n  humans and Drosophila, then 2 5 %  of  

t hese  f r o g s '  o f f sp r ing  w i l l  d i e .  Since heterozygous tadpoles 

hatched each year,  t h e  n u l l  a l l e l e  i s  being propagated. 

Laboratory experiments a r e  necessary t o  prove whether  t h e  n u l l  

G P I  a l l e l e  i s  l e t h a l  when homozygous and a d d i t i o n a l  sampling 

from ponds immediately around t h e  FMPC must occur before t h e  

s i t e  where t h e  n u l l  GPX a l l e l e  o r ig ina t ed  can be unequivocally 

determined. A d u l t  t r e e f r o g s  l i v e  i n  wooded a reas  o f f s i t e  and 

al though t h e y  tend  t o  e x h i b i t  a f i d e l i t y  t o  t he i r  n a t a l  pond, 

each generat ion there is gene flow i n t o  adjacent  ponds. 

Bonthic M8C~OiPV.rtObX8tO8 8nd t i 8 h  i n  P.ddy'8 Run 

Inves t iga t ion  of benth ic  macroinvertebrates and f i s h  i n  

Paddy's Run i nd ica t ed  t h e  existence of a t  l e a s t  two loca t ions  

(between-sites 2 and 3; between si tes 5 and 11) where s t r e s s  may 

be s e l e c t i v e l y  e l imina t ing  aqua t i c  life. Sign i f i can t  changes i n  

populat ion gene t i c  s t r u c t u r e  were evident i n  both m a y f l i e s  and 

f i s h  communities between sites 2 and 3.  Differences i n  hab i t a t  

o r  o t h e r  stream c h a r a c t e r i s t i c s  were not observed over t h i s  

s h o r t  d i s t ance .  In add i t ion ,  s i g n i f i c a n t  a l t e r a t i o n s  i n  



populat ion gene r i c  s t zuc tu re  O f  mayflies occurred berween s i r e s  

5 and l i  i n  Paddy's Run; t h e  exact l O C a t i G n ( S )  of s t r e s s  

remain(s)  t o  be deterinined for t h i s  l a t t e r  occur recce .  A l t h c ~ ; : ?  

s i g n i f i c a c ~  s h i f t s  i n  population s t r u c t u r e  were Rot evident  i n  

every season, they were present  during more than one samplizq 

i n t e r v a l .  
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Figure I. Locations of the  permanent transects  established 
and a i r  monitoring s ta t ions (A)  at  the FMPC. UGPIungrazed 
pasture;  GP-grated pasture; PP-pine plantation;  
RFAP-reclaimed fly ash p i l e ;  W-woodlot; RN-riparian. 
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& 0 il 1.45 k downstream 

Figure 2 .  Fish and benthic sampling s i t e s  on Paddy's Run. 
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ligure 3 .  L.nb management practices on the FlSC 
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INTRODUCTION 

,he pcrpose of t h i s  stady xas t o  g a t h e r  3aselir .e ciara 

roqari i . - .g  t h e  environment of t h e  Feed Ka te r i a i s  ? r c d s c z F ~ r :  

Ce9ter ( F W C )  s i t e .  f i v e  major t a sks  were i d e n t i f i e d :  

(1) Plan and lay-out permanent  t r a n s e c t s  t o  be L t i i i z e d  I:. 

gachering present  and f u t u r e  b i o l o g i c a l  and ecologica; d a z s .  

( 2 )  I d e n t i f y  aqua t i c  and t e r r e s t r i a l  l i f e  forms w i t h i n  :?-e 

environs of t h e  FMPC. 

( 3 )  Determine species d i s t r i b u t i o n ,  abundance and q u a l i t y .  

( 4 )  Prepare a ca t a log  documenting t h e  loca t ion  and 

a s s o c i a t e d  habi ta t  of a l l  spec ie s  found. 

( 5 )  Determine t h e  p o s s i b i l i t y  of stress induced  d i f f e r e n c e s  

between o n s i t e  and o f f s i t e  p l a n t  and animal populat ions u s i n g  

e l e c t r o p h o r e t i c  techniques.  

P r e v i o u s  baseline s t u d i e s  on t h e  p l a n t s  and animals a t  the  

FMPC s i t e  are n o t  adequate f o r  t h e  a n a l y s i s  of long-term t r e n d s .  

The only s tudy  known r e l a t i n g  t o  t h e  area p r i o r  t o  t h e  beginning 

of FMPC ope ra t ions  i s  t h a t  of Tarzwell (1952) which provided a 

census of  f i s h  and benth ic  organisms i n  Paddy ' s  Run, and f i s h  i n  

t h e  Great Mami River upstream and downstream of t h e  FMPC 

e f f l u e n t - o u t f a l l .  

f i s h  popula t ions  between Paddy's Run and Dry Fork C r e e k ,  a 

t r i b u t a r y  of t h e  Whitewater River .  

r e p o r t s  of  Pomeroy e t  31. (1977) and Battelle Laboratories 

More r ecen t ly ,  Bauer  e t  a l .  (1978) compared - .  

Unfortunately t h e  ecologica l  

(1981) are  d e f i c i e n t  i n  f i e l d  data. They included ex tens ive  

l ists  of f l o r a  and fauna which were expected,to be on s i t e  

34 



because of t h e i r  Occxrrence i.? publisked cocz-,;., S E ~ Z P ,  c z  
. .  reqL3nal l i s t s .  F i e l d  work on terrestr:ai  . .  plants a r . i  ar.:r!a,s 

were l imited t o  casual or cursory observations. Wirh tke 

exceptigz  of Tazzwell (19521 ,  n0r.e of these studies used 

standardized sampling techniques for determining populazion 27.3 

community s t r u c t u r e .  Hence, despite the voluminous reports 

previously submitted t o  FMPC, a c t u a l l y  very l i t t l e  i s  known 

about the f l o r a  and fauna on s i t e ,  p a r t i c u l a r l y  w i t h  respect t:, 

the t e r r e s t r i a l  communities. 

This report summarizes preliminary f i e l d  and laboratory 

studies  conducted from mid-June through August, 1 9 8 6 .  I t  

includes the i d e n t i f i c a t i o n  o f  6 major h a b i t a t s ,  the 

establishment of  permanent l i n e  transects  f o r  sampling of 

t e r r e s t r i a l  communities w i t h i n  these h a b i t a t s ,  and sampling 

protocols for f i s h  communities i n  Paddy's Run. Community 

structure i s  characterized f o r  the following:  (1) herbaceous 

vegetation,  ( 2 )  woody vegetation,  ( 3 )  t e r r e s t r i a l  i n s e c t s ,  ( 4 )  

f i s h e s ,  ( 5 )  birds,  ( 6 )  small mamma~s, and ( 7 )  game populations. 

Some plants  and animals from the FMPC and from o f f s i t e  locations 

were analyzed t o  determine the possible  e f f e c t s  o f  environmental 

s t r e s s  on-genetic s t r u c t u r e .  

included. 

summer, 1986,  see Appendix A, Part I. 

The r e s u l t s  o f  these analyses are 

For a c a t a l o g  of  species  found a t  the FMPC during the 



STUDY SITE AND HABITATS 

The s t u d y  area incl2aed the major e c o l o g i c a l  k a b i z a t s  

w i t h i : .  z k e  4 2 5  h a  of the FMPC s i t e  exclcding 5 5  ha coverec', by 

the FMPC o'perations complex, parking l o t s  and associated 

construction f a c i l i t i e s .  The s i x  (6) major habitats i d e n t i f i e d  

were riparian, coniferous woodlot (pine p l a n t i n g s ) ,  decidcocs 

woodlot, reclaimed fly ash p i l e s  and grazed and ungrazed 

pastures. The number of cow paddies intersected b y  a 600 m 

transect  l i n e  determined whether a pasture was grazed or 

ungrazed. 

TRALISZCTS 

Eleven (11) 600 m permanent transects were established i n  

mid-June, 1 9 8 6 ,  on the FMPC s i t e .  T e r r e s t r i a l  f l o r a  and f a u n a  

were censused or c o l l e c t e d  along each t r a n s e c t .  The number of 

t r a n s e c t s  w i t h i n  each habitat  was a l l o c a t e d  i n  proportion t o  the 

area of each h a b i t a t  type (Table 1). The area of each habitat 

type was determined by the proportion of t h a t  habitat  type t o  

the t o t a l  area of the FMPC. A topographical overlay of an 

a e r i a l  photograph o f  the s i t e  was used i n  making t h i s  

determination. 

The number of transects by habitat  type was: grazed 

pastures (GP) - 2,  ungrazed pastures (UGP) - 1, pine plantings 

(PP) - 2 ,  reclaimed f l y  ash p i l e s  (RFAP) - 1, riparian (RN) - 2 ,  

and deciduous woodlots (W) - 3 .  



A s:ratif ied random ?rocedl.re ( S O U i ? , W G G d  1 ? 6 6 : 2 1 )  iias ‘lz-p.3 

to e s t a b l i s h  the begir.Ri?,g of each ;rar.Sect t~ ass,re scie;.;a-_e 

coverage of each area.  

t r a n s i t ,  f lagged,  and mapped ( F i g .  1 ) .  

Transects were l a i d  out b y  corr.Fass azd  

Descriptions and coordinates of each transect  are presezzek 

i n  Table 2 .  

permanently marked w i t h  p a r t i a l l y  sunken s a l t - t r e a t e d  p o s t s .  

The exposed end of 

p a i n t .  

The beginning and end of  each transect  was 

each post was sprayed w i t h  f lorescent  red 

These sections describe the f l o r a l  and faunal studies 

conducted a t  the FMPC. 

or seasonal constraints  ( e . g . ,  amphibians, fungi,  spring 

flowering plants,  and some t e r r e s t r i a l  invertebrates)  or severe 

drought conditions ( e . g . ,  benthos, and aquatic  p l a n t s )  . 

Certain taxa were excluded due t o  time 

METHODS 

A l l  t e r r e s t r i a l  f l o r a  and fauna included i n  t h i s  study were 

censused or c o l l e c t e d  along or adjacent t o  the e s t a b l i s h e d  

t r a n s e c t s .  

transect and habitat  t y p e .  

The location of each species surveyed was mapped by 

Standard corrmnrnity indices were used to reduce the d a t a .  

Results  f o r  each organism1 group are expressed by habitat  type 

i n  terms of  d e n s i t y  (number per u n i t  a r e a ) ,  or number Per u n i t  

e f f o r t  ( e . g . ,  number of insects per 1000 sweeps). Additional 

parameters were a l s o  c a l c u l a t e d  for  each community. Species 



richness ( 2 )  is the nurser ~f Species found. Xelative G-a.-..---.. - - - - - - . . _ .  

of occurrence is the p r o p o r r i o n  of individuals of each species 

i n  the sarnpie with respect to the total number of individxals 

saxplec. Tke latter data were used to assign estimates of 

abundance in Appendix A, Catalogue of Species of the FMPC. 

Species diversity was calculated using the Shannon-Weaver 

(1949) formula (H' = -zpi log2 pi) and Simpson's Index, D, 

(Simpson 1949). Species dominance (C) was calculated from the 

index of Simpson (1949). Evenness of distribution and abundance 

(J') was calculated using the methods outlined in Pielou (1966). 

The Jaccard Coefficient (Jaccard 1908) and the Coefficient of 

Similarity (Whittaker 1975) were used as measures of qualitative 

community similarity in terms of presence or absence of species. 

Percent Similarity (Whittaker 1975) and Morisita's Index 

(Morisita 1959) were used as measures of quantitative community 

similarity with respect to the number of individuals of each 

species present. Additional synthesis of the data is treated in 

each section. 

All taxa were catalogued according to frequency of 

occurrence by habitat type (Appendix A). Representative voucher 

specimen8 are housed in the Robert A. Hefner Museum of Zoology 

or the Willard Sherman Turrell Herbarium, Miami University, 

Oxford, Ohio 45056. 
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HERBACEOUS VEGETATION 

ME,:GGS 

:-:erbaceons vegetation was certsused using a fDcal-;cizc 

samplizg procedure (Burzlaff  1966). Foot surveys, similar t3 

those used for sampling the herbaceous community i n  an o f f s i r e  

beech-maple forest  (Snyder and Vankat 19841, were conducted E O  

supplement plant species not detected by the focal-point 

sampling method. The individual  plant (o r  substrate t y p e :  s o i l ,  

l i t t e r  (dead and decomposing plant p a r t s ) ,  o r  rock) v i s i b l e  

through a s i g h t i n g  scope placed a t  one-meter i n t e r v a l s  along 

each of the eleven 600 m transect  l i n e s  (see  F i g .  1) was scored. 

The s i g h t i n g  scope, an aluminum tube 2 2 . 9  cm long x 1 0  mm i . d .  

equipped w i t h  cross-hairs, was a f f i x e d  a t  a 4 5 O  angle t o  a 

t r i p o d .  The tripod was centered over a metric tape along the 

transect  l i n e .  A t  odd (1, 3, 5,  e t c . )  meter-marks, vegetation 

t o  the l e f t  o f  t h e  transect  l i n e  was scored, and a t  even meter- 

marks, vegetation t o  t h e  r i g h t  of  the transect  l i n e  was counted. 

Due t o  the pattern of mowing and the general d i s c o n t i n u i t y  of 

habitat ,  transect  lines 4 0  m i n  length were l a i d  out 

perpendicular t o  the o r i g i n a l  transects  i n  the pine plantations,  

woodlot3 and riparian h a b i t a t s .  Regardless of  habitat  type, 600 

points  were scored along each transect  with t h e  exception of the 

RFAP. Only 400 points  were scored there due t o  t h e  shorter than 

normal transect  in t h a t  habitat  (see Table 2 )  R e l a t i v e  cover 

and herbaceous community structure indices were computed from 

these d a t a .  



RESVLTS 

I n  a l l  h a b i t a t s ,  red fescue ( F e s t u c a  rubra) was t5.e ;os: 

dominant herb on the  bas i s  of percent ground cover (Table 3 ) .  

I n  P P 1 ,  Nl, N 2 ,  and W 3 ,  however, more of the  sur face  was coveze-I 

by l i t t e r .  In seve ra l  a r eas  a s u b s t a n t i a l  por t ion  of the  i F t z e r  

was composed of o ld  fescue culms. I n  p a r t i c u l a r ,  GP2 had 

r ecen t ly  been mowed a n d , a l l  of t h e  l i t t e r  a t  t h a t  s i t e  was F. 

rubra. The dominant ground covers i n  RN1 and RN2 were e icher  

l i t t e r  o r  s o i l ,  followed i n  each case by red fescue.  

Based on t h e  r e l a t i v e  percent  of cover,  herbaceous species  

community s t r u c t u r e  was most s i m i l a r  among t h e  pas tures ,  

followed by r i p a r i a n  and then woodlot h a b i t a t s  (Table 4 ) .  RFAP 

was least  s i m i l a r  (32%) when compared t o  an o lde r  woodlot. 

Although P P 1  and PP2 were similar i n  p l a n t  spec ies  r ichness  

(R=37 and 30, r e s p e c t i v e l y ) ,  they showed only 46% s i m i l a r i t y  

(Table 4 ) .  This was because PP1  had less fescue and over two 

t i m e s  more l i t t e r  than PP2.  

(RN2) w a s  t h e  r i c h e s t ,  containing 43 herbaceous spec ies  (Table 

5 ) .  Herbaceous cornuni ty  d i v e r s i t y  (Simpson's Index, D )  was 

similar (range-0.926-0.930) over all wooded h a b i t a t s .  Species 

d ivers i ty-  was intermediate  i n  MAP. 

The southern-most r i p a r i a n  h a b i t a t  

The three pas ture  h a b i t a t s  

were t h e  least diverse (range=0.495-0.654). 

DISCUSSION 

Pomeroy e t  al. (1977)  l i s t e d  only 25 herbaceous species  on 

t h e  FMPC; w e  found 98 spec ies  represent ing  38 f ami l i e s .  The 

d i f f e r e n c e  is due t o  more rigorous sampling by t h e  M i a m i  
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University p l a n t  team. ?omerD,y azd caworkers probably l i s t e . 2  

only those species most v i s i b l e  (#most common). In addicior., 

they (Pomeroy e t  a l .  1977) l i s t e d  several  species which were r.9: 

observed b y  Miami University personnel, however some of those 

l i s t e d  seem t o  be incorrectly  i d e n t i f i e d .  As a r e s u l t ,  i t  i s  

impossible t o  i n f e r  any d i r e c t  gross changes i n  the plant 

community which may have occurred w i t h i n  recent history  a t  the 

FMPC. 

The majority of s i t e s  w i t h i n  the FMPC are i n  various stages  

of succession from e a r l i e r  usage as pastures or orchards. 

Regarding herbaceous vegetation,  W3 and the riparian h a b i t a t s  

are the only areas which approach a mature southwestern Ohio 

woodland. A l l  three woodlots are, however, h e a v i l y  encroached 

by neighboring pastures and are subject  t o  occasional  bush- 

hogging and t o  frequent grazing.  

Considering the current and h i s t o r i c a l  land use of these 

areas, the pattern of  species d i v e r s i t y  w i t h i n  the various 

h a b i t a t s  are c l o s e  t o  expected. Compared t o  an o f f s i t e  beech- 

maple f o r e s t  (Snyder and Vankat 1 9 8 2 ) ,  FMPC woodlots and 

riparian habitats contained 32-43% fewer herbaceous s p e c i e s .  

P l a n t  spiCies expected b u t  missing, or present i n  extremely low 

abundanci, include two ferns (Botrychlum and Asplenium), an 

orchid ( Z f p r f a )  I t i c k  t r e f o i l  (Desmodfum s p . )  , and bedstraw 

( G a l f u m  aparine). More s i g n i f i c a n t  is the r a r i t y  or  absence of 

several  taxa normally common t o  disturbed or  successional  

communities such as W1, W2, W3, and RFAP (Hickey, Pers.  c o r n . )  

These taxa,  e i t h e r  missing or found i n  low numbers, include 



hor.eysuckle ( L o n i c e r a )  I dogbane (Apocynum)  asters  ( A S E O I  5;;. 1 ,  

acd c3.e fleabanes ( E r i O g e r O n  S p p .  ) . 

The vegetation survey was conducted during t h e  l a t e  s u r m e ~  

of 1 9 8 5 .  It must, therefore, be considered incomplete a s  a 

major portion of the f l o r a  was unavailable a t  that  time. 

WOODY MGPTATION 

METHODS 

Trees and shrubs i n  one reclaimed f l y  ash p i l e  ( R F A P ) ,  3 

woodlots (W), and 2 riparian habitats (RN) were sampled from 2 2  

July t o  4 September,l986, using the l/ lO-acre-circle  method 

(James and Shugart 1 9 7 0 ) .  Woody vegetation i n  the pastures was 

extremely sparse and therefore was not sampled. Six  tree  p l o t s  

were established a t  100 m i n t e r v a l s  tangential  t o  the transects 

( F i g .  11, except i n  the RFAP, where four t r e e  p l o t s  were 

e s t a b l i s h e d .  S i x  0.04 ha ( t r e e )  and s i x  0 . 0 0 4  ha (shrub) 

c i r c u l a r  p l o t s  were used t o  determine frequency, density,  and 

dominance of t r e e s  (diameter a t  breast height (DBH) 2 7 . 6  cm) 

and shrubs (DBH < 7 . 6  cm), r e s p e c t i v e l y .  Important percentages 

were calculated f o r  each species by averaging the sum o f  the 

r e l a t i v e  frequency, r e l a t i v e  density,  and r e l a t i v e  dominance. 

Dead standing trees and shrubs were not included i n  the 

analyses.  

Shrub p l o t s  were centered w i t h i n  t h e  t r e e  p l o t s .  A l l  woody 

plants  i n  t h e  p l o t  were i d e n t i f i e d  and t h e i r  diameters were 

measured. Saplings and vines (<7.6 cm DBH) were sampled i n  the 



shrub p l o t s  and scored as s h r c b s .  Canopy hei9k.z ana  zercezr 

cacopy cover were measured for each Cree plot (James and Shu5.r: 

1 9 7 0 ) .  

An a e r i a l  photograph supplied b y  WMCO was used to derermir.e 

the frequency, density,  and dominance of t r e e s  i n  the pine 

plantations ( P P 1 ,  P P 2 ) .  Seven s t r a t i f i e d  random, 0 . 2 5  ha 

rectangular p l o t s  were layed out on the photograph i n  each pize  

stand. Trees i n  each p l o t  were i d e n t i f i e d  by color  ( l i g h t  trees  

= white pines; dark t r e e s  = Austrian pines) and counted. 

Selected t r e e s  on the photograph were spot-checked i n  the f i e l d  

t o  confirm species  i d e n t i f i c a t i o n .  Dominance was estimated by 

v i s u a l l y  determining the percent area covered by each s p e c i e s .  

Importance percentages were c a l c u l a t e d  as described above. 

Because o f  high t r e e  density,  and i n a c c e s s i b i l i t y ,  the shrub 

community was not sampled i n  the pine stands.  

RESULTS 

Twenty-two species of t r e e s  were found i n  the riparian 

h a b i t a t s  (Table 6 ) .  The dominant species i n  RN1 were the 

eastern cottonwood and hackberry whereas i n  EW2 the dominants 

were American elnw and boxelders (Table 7 ) .  Cottonwoods, 

American elms, hackberries, and boxelders made up two-thirds of 

t h e  t r e e  community i n  RN1 (Table 8 ) .  In RN2, 60% of the t r e e  

community consisted of  American elms, boxelders, and Ohio 

buckeyes. 



Tree d i v e r s i t y  acd r ickcess  were g r e a t e r  i n  RN: ::?a?. 3X.2 

(“able  8 ) .  N i n e  spec ies  present  i n  R N 1  were absez t  i?. R N 2  

i n c i x a i r g  some which were unexpeczedly absenc,; i . e . ,  t he  bla.:k 

willow, szgar  xaple ,  t h e  hickory group, and  most cf  t h e  oaks.  

R N 2  had t h r e e  spec ies ,  including t h e  Ohio buckeye which had a 

dens i ty  of  over 100  t r e e s / h a . ,  which were absent  i n  RN1 (Table 

1 2 ) .  N i n e  spec ies  were found i n  both of t h e  r i p a r i a n  h a b i t a t s .  

Several  spec ie s  unique t o  t h e  r i p a r i a n  hab i t a t s  were t h e  

b lack  willow, chinquapin oak, swamp w h i t e  oak, shagbark hickory 

and a spec ie s  o f  hawthorn (Crategus s p . ) .  The osage-orange, a 

typical  hedgerow and secondary growth spec ies ,  w a s  only found i n  

R N 1 .  Typical r i p a r i a n  spec ie s  (sycamores, w i l l o w s ,  cottonwoods, 

and s i l v e r  maples) were i n  low abundance. Addit ional ly ,  

American beeches were expected but  not found. 

Twenty-three spec ie s  of shrubs were p resen t  i n  t h e  r i p a r i a n  

habi ta t s  (Table 9 ) .  Boxelders and poison i v y  dominated R N 1  and 

RN2. Trumpet creeper and hackberry were abundant i n  R N 1 .  These 

4 spec ie s  c o n s t i t u t e d  over three- four ths  of t h e  shrub community 

i n  -1. 

Shrub diversity was greater i n  RN2 than  RN1, although RN1 

had a greater number of spec ie s  (21 vs 14 ;  Table 10). Species 

i n  RN2 were apportioned more evenly (Table lo), which 

con t r ibu ted  t o  i ts  h igh  d i v e r s i t y .  Notably absent  shrub spec ies  

i n  RN2 t h a t  were p resen t  i n  RN1 were t h e  black walnut, sugar 

maple, m u l t i f l o r a  rose, trumpet creeper ,  and hawthorn. Shrub 

community s i m i l a r i t y  w a s  greater among 

than  among o t h e r  h a b i t a t s  (Table 11). 

t h e  r i p a r i a n  h a b i t a t s  

Shrubs unique t o  t h e  



riparian habitats  included t k e  black maple, swan? w:.;i:p c=:.c, 

sawbrier, and a species of hawthorn. 

p&2nc!'23+s 

Twenty-five species of trees  were found i n  the woodlots. 

Shellbark hickory and white ash dominated W1 and W2, 

r e s p e c t i v e l y ,  whereas sugar maples and boxelders dominated W3. 

Several other species were common (density  2 50 t r e e s / h a ) .  

These were the shingle oak, American elm, hackberry, and black 

locust  i n  W1, American elm, American sycamore, and boxelder i n  

-W2, and American elm and Ohio buckeye i n  W3. The dominants and 

common species made up 67,  89,  and 7 1 %  of the t r e e  community of 

W1, W2, and W3, r e s p e c t i v e l y .  Total  woodlot t r e e  d e n s i t i e s  

ranged from 4 0 0  t o  550 trees/ha (Table 12). 

American elms, hackberries, black cherries,  boxelders, ana 

white ashes were found i n  each woodlot, y e t  t r e e  community 

s i m i l a r i t y  among t h e  woodlots was l e s s  than 4 0 %  (Table 13). W1 

had 7 species  t h a t  were not found i n  the other woodlots, W3 had 

4 ,  and W2 had 2 .  Shellbark hickories,  shingle  oaks, and black 

locusts  were present i n  large numbers i n  W1, but  were absent i n  

W2 and W3; Species present i n  large numbers, including the 

white ash and sycamore in  W2 and the sugar maple and Ohio 

buckeye in W3, were absent, or nearly so, i n  the other woodlots. 

w1 and W3 had the most species i n  common (91 ,  but  were the l e a s t  

q u a n t i t a t i v e l y  similar. Tree d i v e r s i t y  and richness were 

g r e a t e s t  i n  W1 and smallest i n  W2. W1 had twice as many Species 

as W2 (Table 8 ) .  



Several species u n i q x e  to the woodlots were the easterr! r e s  

cedar, shellbark hickory, mockerRut hickory, chestnut oak, 

northern red oak, Kentucky c o f f e e t r e e ,  red maple, and an 

unexpected species,  the common persimmon. Several very large 

t r e e s  were found i n  the woodlots, most notably a swamp white o a s  

i n  W3 and a red oak i n  W1, both of which measured over 1 2 5  cm i n  

diameter. Species expected b u t  absent were the alianthus 

( A l i a n t h u s  a l i a n t h u s )  , American hornbeam, ( C a r p i n u s  

c a r o l i n i a n a )  , hop hornbeam (Ostrya v i r g i n f a n a )  , flowering 

dogwood ( C o r n u s  f l o r i d a )  , Osage-orange (Maclura porni fera)  , 
redbud (Cer is  c a n a d e n s i s )  , mulberries (Morus rubra and M. a l b a )  , 
American basswood ( T i l i a  americana) , Tulip t r e e  ( L i r i o d e n d r o n  

t u l i p i f e r a ) ,  hawthorns (Crategus s p p . ) ,  and American beech 

(Fagus g r a n d i f o l i a ) .  The eastern red cedar, honey locust,  black 

locust,  and sugar maple were expected i n  greater numbers. 

Twenty-two species of  shrubs were found i n  the woodlots 

(Table 1 4 ) .  Shrubs common t o  each woodlot were the American 

elm, black cherry, roughleaf dogwood, grape vine, and Virginia 

creeper. Roughleaf dogwood, multi f lora rose, and honeysuckles 

were t h e  most abundant shrubs i n  W1. The former two species and 

blackberry were most abundant i n  W 2 ,  and sugar maples and O h i o  

buckeye8 i n  W 3 .  These species constituted from 60 t o  7 0  percent 

of the t o t a l  shrub community i n  each woodlot. 

Shrub d i v e r s i t y  was g r e a t e r ' i n  W 2  and W3, although W1 had a 

greater  species richness.  The shrubs i n  W 2  and W 3  were 

apportioned more evenly (Table lo), which contributed t o  t h e i r  

higher shrub d i v e r s i t y .  Woodlot 3 was very d i f f e r e n t  from 



1 5  

- - -  e i t h e r  of the other woodlats vi:h a s i m i l a r i t y  of l e s s  :?-a~. i - 5  

(Table 11). Ten of 14 tree  Species ( 7 1 3 )  found i n  W3 were alsz 

present as shrubs; boxelder, a dominant t r e e ,  was ROC found as a 

shrub (Tables 6,9). 

Several shrubs unique t o  the woodlots were shellbark 

hickory, s i l v e r  maple, chestnut oak, and black raspberry. The 

dominance of rough-leafed dogwood and low abundance of 

honeysuckles was unexpected. The pawpaw (Asimina t r i l o b a )  and 

the spicebush (Ledera benzoin) were expected, b u t  were absent.  

d Flv Ash P U  

Only 5 species of t r e e s  and 7 species of shrubs were found 

i n  the RFAP (Tables 6 , 7 ) .  The RFAP was dominated by eastern 

cottonwoods and black locusts although many small American elms 

were a l s o  present (Table 7 ) .  These three species  constituted 

over 9 5 %  of  t h e  t r e e  community i n  t h i s  sparsely wooded h a b i t a t .  

The shrub layer  was dominated by poison ivy although 

honeysuckles and boxelders were present i n  moderate numbers 

(Table 1 4 ) .  

The reclaimed fly ash p i l e  had the lowest t r e e  (Table 5 )  

and shrub (Table 1 3 )  d i v e r s i t y  of  any of the deciduous h a b i t a t s .  

Two s p e c i e s  found in t h e  RFAP t h a t  were not found i n  any other 

habitat  were the redbud and p r a i r i e  rose. 

features of  the RFAP were t h e  great  abundance of poison i v y ,  the 

many s c a t t e r e d  small elms, and the r e l a t i v e l y  large cottonwoods. 

Species absent but  expected include shrubby species  such as the 

black raspberry, blackberry, and multif lora rose.  

The most notable 
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The p i n e  p l a n t a t i o n s  were comprised of o n l y  two species,  

white pines (Pinus s t r o b u s )  and Austrian p i n e s  (P. nigra). 

White  pines were more abundant i n  P P 1 ,  and Austrian pines were 

s l i g h t l y  more abundant i n  PP2 (Table 6). The northern p i n e  

p l a n t a t i o n  ( P P l )  was more dense t h a n  the southern pine s t a n d  

(Table 1 2 ) .  

SUMMARY 

I n  sumary, thirty-four species o f  trees  ( 1 5  f a m i l i e s ) ,  and 

2 8  species o f  shrubs ( 1 5  families)  were found on the FMPC. The 

beech family (Fagaceae) was represented by 5 species of oaks 

although, unexpectedly, the American beech was n o t  recorded on 

s i t e .  The walnut family (Juglandaceae) and the maples 

(Aceraceae) were represented by 5 species, and the roses 

(Rosaceae) by 4 .  Tree species richness and d i v e r s i t y  as well as 

shrub species richness were greatest  i n  W1 and R N 1 .  Shrub 

species d i v e r s i t y ,  was greatest  i n  the riparian h a b i t a t s .  The 

reclaimed f l y  ash p i l e  had the l e a s t  diverse deciduous tree  and 

shrub community. 

species.  

The pine plantations were comprised o f  2 

Tree d e n s i t i e s  were greatest  i n  P P 1  and R N l ,  w i t h  over 700 

trees/ha,  and least dense, i n  the R F A P .  Shrub d e n s i t i e s  were 

g r e a t e s t  i n  RN1 and l e a s t  dense i n  W3 and RN2. Overall ,  the 

wooded habitats  of t h e  E'MPC are composed of open, patchy,  

heterogeneous successional communities in addition t o  disjunct,  

man-created communities. Analyses of community t r e e  and shrub 
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similarity indices showec o n i y  2 of :I c9mparisor.s ?.&vir.q 

s imi:2rit ies  of greater t h a n  50 percent.  Trees seldom avezzqee 

over 2 0  m i n  height (Table 1 0 ) .  

G 1sc;'ss I C 3  

B a t t e l l e  (1981) gives  general descriptions of the woody 

vegetation i n  the v i c i n i t y  o f  the FMPC, b u t  provides l i t t l e  

q u a n t i t a t i v e  information about the FMPC s i t e .  They c i t e  

Pomeroy, ( 1 9 7 7 )  as having recorded 3 7  species o f  t r e e s  and 

shrubs on the FMPC. We recorded 4 6 .  Eight species l i s t e d  by 

B a t t e l l e  ( 1 9 8 1 :  Table A-1)  were not recorded i n  o u r  samples. 

They included the Norway spruce ( P f c e a  e x c e l s a ) ,  gray birch 

( B e t u l a  populifolia), Shumard oak (Quercus shumardii), rock elm 

(Ulmus  thomasif), pawpaw (Asfmina triloba), ailanthus ( A i l a n t h u s  

altissima) , sumac (Rhus s p . )  8 and gray-stemmed dogwood ( C o r n u s  

racemosa) . 
The riparian communities lacked the t y p i c a l  large dominant 

sycamores, s i l v e r  maples, and cottonwoods of a mature riparian 

system. Tree species  d i v e r s i t i e s  of the riparian p l o t s  were 

most s i m i l a r  t o  those of t h e  northern woodlot (W3). We found 

t h a t  the northern riparian habitat  was more diverse and dense 

w i t h  respect  t o  trees and shrubs a s  compared t o  the southern 

p l o t .  These deviations may be p a r t l y  explained by the ephemeral 

nature of  Paddy's Run or by the history  of  t h e  stream. Recently 

we were informed that  the upper portion of Paddy's Run was 

diverted from i t s  o r i g i n a l  course, which may explain 

vegetational  d i f f e r e n c e s .  



A l l  o f  the woodlots were i n  var:Lous successianal s t a g e s .  

Woodlot 2 was the youngest, W1 intermediate i n  rnatxrizy, arid x: 

the most mature woody community on s i t e  i n  terms of species 

composition, dominance, canopy cover, and canopy height (Table 

1 5 ) .  The pattern of increased species richness and evenness i?. 

Woodlots 1 and 2 are similar t o  that found for timbered forests 

(Adams and Barrett 1 9 7 6 ) .  Woodlot 3 more appro-ximated a matuze 

f o r e s t  than the other woodlots, b u t  i t s  canopy r a r e l y  extended 

above 2 4  m as compared t o  the 2 7 - 4 0  m canopy of a mature beech- 

maple f o r e s t  (Beissinger and Osborne 1 9 8 2 ) .  American beech and 

sugar maple co-dominate i n  mature beech-maple f o r e s t  ecosystems, 

and t u l i p  t r e e s  are often the t h i r d  most dominant t r e e  i n  the 

f o r e s t  (Vankat e t  a l .  1 9 7 5 ) .  Yet, t u l i p  t r e e s  and American 

beech were absent from a l l  s t r a t a .  Other woody vegetation 

notably absent in our p l o t s  were redbuds, American hornbeams, 

pawpaws, mulberries, and honeysuckles, plants t y p i c a l  of 

woodlots . 
Total  t r e e  densities i n  our woodlot samples ranged from 4 0 8  

t o  550 trees/ha as compared t o  267 t o  365 trees/ha f o r  a beech- 

maple forest i n  southwestern, O h i o  (Sperger 1 9 8 6 )  , which 

consisted of more trees of larger s i z e .  Mean t r e e  diameters f o r  

our woodlots were W 1 :  1 5 . 7  cm f 0 . 9 ,  N = 1 1 5 ;  W2: 19.0 cm f 0.9, 

N = 90; W3: 1 7 . 4  cm f 0 . 8 ,  N = 1 3 2 ,  as compared t o  2 8  cm for 

Hueston Woods. Shrub d e n s i t i e s  ranged from 2625 (W3) t o  7 3 7 5  

- ( W l )  shrubs/ha versus 3896 shrubs/ha for  a mature beech-maple 

s i t e  (Sperger 1 9 8 6 ) .  The pattern of woody plant species 

richness and d i v e r s i t y  i n  our woodlots was similar t o  that 



reported f o r  strip-mined Lard i n  east-central  Illinols [Kazr 

1958). Most differences  accouriting for absences and low 

abundances of many shrub species may be r e l a t e d  t o  the f a c t  t h a t  

a l l  woodlots were highly impacted by grazing and bush hogging. 

Both the pine plantations and the reclaimed f l y  ash p i l e  

are unique man-created communities and thus are d i f f i c u l t  t o  

compare t o  other natural habitats  on s i t e .  The northern pine 

plantation was more dense and dominated by white pine.  

pine dominated the l e s s  dense southern stand. Norway spruce, 

which were included i n  the 131,000 t r e e  seedlings planted on the 

FMPC i n  1 9 7 2  ( B a t t e l l e  19811, were noticeably  absent from both 

plantations,  and from a l l  samples. 

Austrian 

The reclaimed f l y  ash p i l e  was comprised of 5 species 

dominated by small cottonwoods, American elms, and black l o c u s t .  

I t  was the l e a s t  diverse of  the deciduous h a b i t a t s  on the FMPC. 

S t r u c t u r a l l y  it resembles an e a r l y  shrub strip-mined area a l s o  

dominated by black locusts  and cottonwoods (Karr 1968). 

Although the reclaimed f l y  ash p i l e  is unique, further study of 

t h i s  community may not be f e a s i b l e  because of disturbance by 

FMPC operations. Portions of t h i s  transect  were destroyed by 

bulldozers during the f i r s t  week of September, 1986. To our 

knowledgo, manipulation of t h i s  habitat  continues. 



TERRESTRIAL ARTHROPODS 

m T E52 L. s 

Arzkropods were c o l l e c t e d  along permanently established 

transects  ( F i g .  1) i n  e a r l y  July, 1 9 8 6 ,  using a 4 0  cm diameter 

standard sweep-net. The c o l l e c t o r  walked b r i s k l y  along the 

transect  sweeping the vegetation using a figure-eight sweep 

pattern.  

sweeps. 

5 4 9  and was mostly dependent upon vegetation structure and 

d e n s i t y .  Other t e r r e s t r i a l  invertebrates (i . e . ,  molluscs) 

c o l l e c t e d  by sweep-netting were included i n  the data a n a l y s i s .  

A f t e r  c o l l e c t i o n ,  the organisms were placed i n  a k i l l - j a r  

Each complete figure-eight pattern was counted as t w o  

The number o f  sweeps per transect  varied from 3 5 2  to 

containing e t h y l  a c e t a t e  and then preserved i n  7 0 %  e t h y l  alcohol 

awaiting i d e n t i f i c a t i o n .  

except as  noted. 

w i t h  simple metamorphosis ( e . g . ,  Orthoptera, Homoptera, 

Hemiptera, Thysanoptera) and only t o  order otherwise. 

I d e n t i f i c a t i o n  was made t o  family 

Nymphs were i d e n t i f i e d  t o  family for  groups 

RESULTS AND DISCUSSION 

We were unable to complete t h e  i d e n t i f i c a t i o n  o f  a l l  

o r g a n i s m  collected i n  time f o r  inclusion w i t h i n  t h i s  report, 

and thu8 only 9 of the 11 transects  are addressed. 

t r a n s e c t s  nearly 18,000 individuals representing some 127 

f a m i l i e s  were c o l l e c t e d .  

sweeps and the r e l a t i v e  frequency of occurrence of major taxa 

are presented i n  Tables 1 6  and 1 7 ,  r e s p e c t i v e l y .  

From these 9 

The number o f  insects  caught per 1000 
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The data f o r  the other tno transects (G21 and wl), ~1::. . .  2 

inore comprehensive discussion of the insect  commur.izy or, r3.e 

F m C ,  as well  a s  estimates of r e l a t i v e  abundance b y  h a b i t a t  +-‘/?e 

(see Addendum t a  Appendix A, Catalogue of Species of the FMPC), 

appears i n  the report covering work performed during October 

through December, 1 9 8 6 .  

Phytophagous (plant-eating) insects  were the most prevaler,t 

group w i t h i n  the habitats studied.  Leafhoppers ( C i c a d e l l i d a e :  

Homoptera) were present i n  c o n s i s t e n t l y  large numbers. The 

percentage of t o t a l  for t h i s  family ranged from 1 3 . 2 8 %  i n  UGP t o  

2 3 . 3 8 %  i n  P P 2  (Table 1 7 1 ,  many being nymphs. The most abundant 

group for  any one sample was the short-horned grasshoppers 

(Acrididae:Orthoptera) which equalled 3 1 . 8 5 %  of the t o t a l  i n  

U G P .  The large amount of undisturbed vegetation i n  UGP was 

probably the reason for  t h e i r  great abundance there.  

f i v e  times more short-horned grasshoppers were present i n  UGP 

than i n  GP1. Population numbers i n  G P 1  were probably reduced 

due t o  heavier grating i n  t h i s  pasture.  Acridids were much 

reduced i n  numbers i n  the other habitats,  with none found i n  W 3 ,  

a s  might be expected due t o  a lack of herbaceous cover.  Herbs 

and grasses In W3 were extremely sparse (see Table 3 ) .  

of the forest f l o o r  was covered by vegetation.  

Nearly 

Only 3 8 %  

Another group found i n  large numbers were l e a f  b e e t l e s  

(Chrysome1idae:Coleoptera). They were most abundant i n  P P I  and 

PP2 ( 1 5 . 5 4 %  and 15.80% of t o t a l ,  r e s p e c t i v e l y ) .  Among the 

chrysomelids, f l e a  beetles (Alticlnae) were most abundant A l l  

three of the above mentioned families  are large and common 



inkabit s o i l  and leaf  l i t t e r ,  were a l s o  abundant  i n  CGP ( 1 4 . 3 1 %  

of t o t z l ) .  Almost 8 times more entomobriads were ?resent ir: . b G =  

t h a n  i n  GP1; again the probable cause was heavier graziiiq op. t:?1 

l a t t e r  area.  

The largest  number of families present (averaging 1 4 . 9  

families  per habitat)  from a s i n g l e  order were those w i t h i n  t h e  

order Diptera ( f l i e s ) .  I t  i s  perhaps s i g n i f i c a n t  that the 

extremes were found i n  RN1 and RN2, w i t h  representatives from 2 4  

and 5 families,  r e s p e c t i v e l y .  Most dipterans were small 

a c a l y p t r a t e  muscoid f l i e s ,  the most common being f r i t  f l i e s  

(Chloropidae), and f r u i t  f l i e s  (Tephritidae) . Dark-winged 

fungus gnats (Sciaridae) were a l s o  common. An i n t e r e s t i n g  f i n d  

was the big-headed f l y  (Pipunculidae), the third most common 

Dipteran found i n  P P 1  ( 0 . 3 6 %  of  t o t a l ;  3.6% of a l l  f l i e s  i n  

P P l ) .  This f l y  i s  not commonly encountered. Their larger 

numbers i n  P P 1  (Table 1 6 ,  1 7 )  were probably due t o  the f a c t  t h a t  

the larvae are p a r a s i t i c  t o  homopterans, c h i e f l y  c i c a d e l l i d s ,  

which were a l s o  very abundant there.  

The majority of Hymnenoptera (ants,  bees and wasps) f o u n d  

i n  UGP, 6P1, PP1 and RN1 were small chalcid  wasps 

(Chalcidoidea),  the larvae of which are p a r a s i t i c  t o  other 

i n s e c t s .  Another small hymenopteran similar t o  the chalcids 

occasionally  found i n  some of the habitats  was the platygasterid 

wasp ( P l a t y g a s t e r i d a e ) .  Their larvae are p a r a s i t i c  t o  g a l l  

gnats (Cecidomyiidae) which were a l s o  present i n  samples from 



t h e s e  a r e a s .  Xost hymenopterans in R N 2  were vespids ( ~ ~ e s p : ~ ~ ~ ;  

yellowjackets and hornets),  comprising 6 . 3 0 3  of the : o r a l .  ~ 7 . ~ 5  

(Forinicidae) were the most abundant hymenopterans i n  REAP ( e q z a l  

i n  ncmber to Chalcidoidea),  W2 and W3. Haliccid wasps were t ' r e  

most frequently found hymenopterans i n  PP2. Several t a x a ,  tco 

numerous t o  mention, were found only w i t h i n  a s i n g l e  habitac 

type (see Table 16 o r  17). 

The greatest  number of i n s e c t s  per thousand sweeps (10,682) 

was c o l l e c t e d  i n  UGP and the l e a s t  ( 9 7 5 )  i n  RN2 (Table 16). 

Some taxa,  e . g . ,  Aradidae (Hemiptera) i n  RFAP, were present i n  

f a i r  numbers i n  only one habitat  type.  Others, e . g . ,  

Sminthuridae (Collembola) i n  UGP and Acrididae (Orthoptera) i n  

UGP, while not unique t o  a s i n g l e  habitat ,  were observed i n  much 

greater  (1-2 orders o f  magnitude) numbers i n  one area than i n  

o t h e r s .  

Many taxa (Gryl l idae and T e t t i g o n i i d a e :  Orthoptera; 

Miridae: Hemiptera; Cercopidae and C i c a d e l l i d a e :  Homoptera; 

Chrysomelidae: Coleoptera; Braconidae and Formicidae: 

Hymenoptera) were found i n  a l l  9 h a b i t a t s .  There were a l s o  many 

taxa which were c o l l e c t e d  along one transect  o f  a habitat  type,  

b u t  not the other.  There were 4 0  taxa found i n  PP1, b u t  not i n  

PP2, but only 3 fn the l a t t e r  t h a t  were not c o l l e c t e d  i n  the 

former. In t h e  woodlots, 25 taxa were unique t o  W2 and 1 7  to 

W3. The two riparian transects  were a l s o  d i f f e r e n t :  52 and 11 

taxa were unique t o  RN1 and RN2, r e s p e c t i v e l y .  No ground 

b e e t l e s  (Carabidae:Coleoptera) were c o l l e c t e d  and t i g e r  b e e t l e s  

(Cicinde1idae:Coleoptera) were found only i n  RN2. Both b e e t l e s  



may have been under-represented i n  ocr samples due t o  sarnpiLz3 

methcd as both are ground-dwellers. 

A s i g n i f i c a n t  difference i n  community structure between 

grasshopper communities i n  UGP was a l s o  noted. Two species 

ubiquitous i n  southwestern Ohio, the red-legged grasshopper 

(Melanoplus femur-rubrum) and the straight-lanced meadow katyd2d 

( C o n o c e p h a l u s  strictus) were s e l e c t e d  for  future electrophoretrc 

s t u d i e s .  Each was present i n  approximately equal numbers a t  

each of  3 o f f s i t e  locations and 4 experimental (FMPC) s i t e s  

except i n  the area between boundary a i r  sampling s t a t i o n  3 (BS3) 

and the o l d  incinerator located a t  the eastern s i t e  boundary. 

The r a t i o  o f  M. femur-rubrum t o  C. strfctus a t  t h i s  location was 

10.5:l i n  contrast  t o  a r a t i o  of  1 : 1 . 2  near the north end of  the 

UGP transect  i n  the v i c i n i t y  o f  BS2. No readily  observable 

d i f f e r e n c e s  could be detected i n  the microhabitat a t  the two 

c o l l e c t i n g  areas.  We cannot o f f e r  an explanation for  t h i s  

phenomenon a t  t h i s  time. 

Lepidopteran families  were g r o s s l y  under-represented i n  our 

samples. T h i s  was l i k e l y  due t o  b i a s  introduced by our sampling 

method. - 
Coleopteran ( b e e t l e )  and lepidopteran (moth and b u t t e r f l y )  

larvae c o l l e c t e d  ranged from 0% o f  t o t a l  i n  RFAP t o  8 . 7 8 %  i n  

RN2. Most were b e e t l e  (Coleoptera) larvae, however lepidopteran 

larvae were more abundant i n  PP2. 



t A r  - 1 fl S P C  - 
Spiders (Araneida) constituted a large percentage of t h e  

t o t a l  catch i n  several  habitats,  b u t  g r e a t l y  outnumbered a l l  

other arrhropods i n  RFAP where they made up 3 8 . 9 1 3  of the t o t a l .  

Spiders were abundant i n  the riparian habitats  as w e l l :  1 9 . 3 9 3  ~ 

and 2 3 . 6 6 %  of t o t a l  i n  R N 1  and R N 2 ,  r e s p e c t i v e l y .  Orbweavers 

(Araneidae) were dominant i n  these two areas.  Few spiders were 

found i n  UGP constituting only 1 . 8 5 %  of  the t o t a l .  Because of  

the nature of the vegetation there, it i s  probable that  many 

ground-dwelling spiders were not netted.  Mites and t i c k s  
. .  . .. 

(Acarina) were present i n  6 of the 9 h a b i t a t s .  The 'low number 

of  mites and t i c k s  (Table 1 7 )  was probably an a r t i f a c t  of t h e  

sampling technique. The same i s  probably true for harvestmen 

(Phalangida) . 

MQuuca 

Gastropods ( s n a i l s )  were found only i n  the woodlots and 

riparian h a b i t a t .  They were most abundant i n  RN1 (111/1000 

sweeps) . 

SUMMARY 

Short-horned grasshoppers (Acrididae) were by f a r  the 

l a r g e s t  group found i n  the ungrazed pasture. Leafhoppers 

( C i c a d e l l i d a e )  were abundant a s  were s p r i n g t a i l s .  Many dipteran 

f a m i l i e s  were present, including frit f l i e s  and dark-winged 

fungus gnats which were present i n  UGP and G P 1  i n  larger  numbers 

than i n  any other area.  Chalcid wasps were very common. 



- .  Sizeable  numbers of thySar!OpCeraCS were a l s o  f0ur .d .  -epr-z:z:z~ 

( D i s t e r a )  were most  numerous i n  VG?. 

The RFAP was Characterized by s i zeab le  populations of 

grasshcppers,  leafhoppers,  chrysomelids, f r i t  f l i e s ,  chalcid 

wasps and a n t s .  Psocopteran numbers were higher i n  RFAP thar. 

any o ther  h a b i t a t  type .  Flatbugs (Aradidae :Hemiptera) were 

found o n l y  t h e r e .  Spiders were present  i n  high numbers 

(1905/1000 sweeps).  

The pines were dominated by t h e  order  Homoptera, e spec ia l ly  

leafhoppers and planthoppers.  Flea b e e t l e s  were abundant a s  

w e l l .  Many f ami l i e s  of Diptera were represented,  mostly small  

a c a l y p t r a t e  muscoid f l i e s ;  f r i t  f l i e s  being t h e  dominant group. 

Other common groups were chalcid wasps and jumping sp iders  

( S a l t i c i d a e )  . 
With t h e  except ion of RN2, woodlot r e l a t i v e  d e n s i t i e s  were 

t h e  lowest of a l l  h a b i t a t s  considered in t h i s  r e p o r t .  

Phytophagous i n s e c t s  and a n t s  were present  i n  f a i r  numbers. 

Braconid wasps were g r e a t e s t  i n  abundance i n  W2 as were two 

fami l i e s  of Diptera:  Dolichopidae and Drosophilidae.  The 

Chloropidae were t h e  dominant d ip t e ran  family in W3. Lycidae 

(Coleoptera) were unique t o  W3. 

The r i p a r i a n  h a b i t a t  was charac te r ized  by an abundance of 

sp ide r s ,  mostly orb-weavers. Leafhoppers were t h e  most abundant 

i n s e c t s  t h e r e .  Meadow katydids (Te t t igon i idae ) ,  crickets 

( G r y l l i d a e )  and vespid wasps were r e l a t i v e l y  common a s  were 

lep idopteran  and Coleopteran l a rvae .  



Chi-square a n a l y s i s  O f  t?.e Z2rrhers O f  i nd iv idua l s  i?. eac? 

crder  by t r a n s e c t  i nd ica t ed  t h a t  no t jr0 h a b i t a t s  were s i m i l a r  : z  

one another .  Most s i m i l a r ,  if s p i d e r s  were omit ted from t h e  

a n a l y s i s ,  were W 2  and R N 1 ,  but even so t h e  chi-square s t a t i s t i c  

(df=9)  was 6 5 . 1 1  (p<<O.OOS). With s p i d e r s  included,  W 2  and W3 

were most s i m i l a r  (x'(a-0.05, df18)=87.15, p<<0.005) .  

cons ider ing  most-comparable h a b i t a t s ,  t h e  t w o  pas tu re s ,  UGP and 

Gp1, were l e a s t  s i m i l a r  (x2 (a=0.05, d f = l l )  =1927.78, p<O.OOS). 

When 

rzsa 

STUDY SITES 

Three sites i n  Paddy's Run wi th in  t h e  boundaries of FMPC 

were sampled on June 24-25, 1986 (F ig  2 ) .  The three s i tes  were 

loca ted  between t h e  nor thern  boundary fence and t h e  s e c t i o n  of 

Paddy's Run l y i n g  below t h e  K-65 s t o r a g e  t a n k s .  All s i tes  were 

i d e n t i f i e d  with marker  f l a g s  and s i t e  numbers spray  pa in t ed  on 

trees located on t h e  east bank of t h e  stream. S i t e s  2 and 3 

c o n s i s t e d  of  one pool  and one r i f f le .  S i t e  4 c o n s i s t e d  of a 

s ing le  pool. 

K-65 storage t a n k s  w a s  completely dry .  

The downstream reach of Paddy's Run south  of t h e  

METHODS 

Fish  were collected us ing  t h e  seine method (Bennet 1970). 

Each r i f f l e  and pool  was sampled for  30 minutes.  F i sh  caught a t  

each s i te  were h e l d  i n  col lect ing buckets  u n t i l  t h e  end of t h e  

sampling pe r iod .  

enumerated, i d e n t i f i e d ,  and re turned  t o  t h e  stream a t  t h e i r  

A t  t h e  end of each sampling per iod ,  f i s h  were 



capture  loca t ion .  

Z ' f le iger  ( 1 9 7 5 )  and Trautman ( 1 9 8 1 ) .  A t  s i t e  4 ,  a l a rge  

proport ion of the  ca tch  cons is ted  of l a r v a l  and juveni le  

F i s h  were i d e n t i f i e d  wi:h t h e  a i d  of keys 2: 

cypr in ids  under 20 mm i n  length.  F i e ld  i d e n t i f i c a t i o n  of these 

ind iv idua l s  was too  d i f f i c u l t  t o  a t tempt .  Therefore,  t h ree  

random samples of 36 ind iv idua ls  from t h i s  s i t e  c l a s s  were 

c o l l e c t e d  and returned t o  t h e  labora tory .  F i s h  i n  t h e  th ree  

subsamples were enumerated and i d e n t i f i e d  w i t h  t he  a i d  of a key 

by Auer ( 1 9 8 2 ) .  The mean number of i nd iv idua l s  of each species  

w a s  c a l cu la t ed  f o r  t h e  three subsamples and used  t o  ca l cu la t e  

t h e  proport ion of the t o t a l  subsample represented by  each 

spec ie s .  

l a rvae  and juveni les  c o l l e c t e d  a t  s i t e  4 t o  ob ta in  an es t imate  

These values  were mul t ip l ied  by t h e  t o t a l  number of 

of t he  number of f i s h  of each spec ies  contained i n  t h e  sample. 

One of three f i s h  of each new spec ies  c o l l e c t e d  was preserved i n  

10% formalin and he ld  a s  a voucher specimen. Area measurements 

were taken f o r  each s i te .  

Catch data for each pool and r i f f l e  were used t o  ca l cu la t e  

an index of t h e  ca tch  pe r  u n i t  e f f o r t  (Gulland 1969,  R i c k e r  

19751, t h e  proport ion of catch, and t h e  d e n s i t y  f o r  each f i s h  

species: The mean ca tch  per  u n i t  e f f o r t ,  proport ion of t o t a l  

catch, and m a n  dens i ty  were ca l cu la t ed  t o  e s t a b l i s h  t h e  

abundance of each species throughout t h e  stream. 

RESULTS 

A total of 2590 f i s h  represent ing  13 spec ie s  were co l l ec t ed  

from the  three sites i n  Paddy's Run. The catch per  u n i t  e f f o r t ,  



proporiion cf Catch, azci CefiSiZy f C r  each  species a r e  sk2xr. In 

(Tables 1 8 - 2 3 ) .  The nean catch per u r i t  e f f o r t ,  :he F ~ . C ~ O Z Z ~ = :  

of total catch and the mean density f o r  each species a r e  

?resenred i n  Table 2 4 .  

DISCUSSION 

A t  the time o f  t h i s  survey, water l e v e l s  i n  Paddy's Run 

were r e l a t i v e l y  low, although some areas of poo-1s were well  over 

one meter deep; few r i f f l e s  were present.  The stream bed was 

v i r t u a l l y  dry below t h e  K-65 storage tanks.  Flow began again 

below the boundaries of the FMPC, between Willey and New Haven 

Roads. Substrates of r i f f l e s  consisted o f  large rocks and 

gravel ,  while t h a t  of pools included rocks, gravel  and sand w i t h  

large deposits  of s i l t  i n  some areas.  

turbid during t h i s  study. 

Water was extremely 

Although most o f  the t r i b u t a r i e s  i n t o  Paddy's Run above our 

c o l l e c t i n g  s i t e s  are intermittent,  Paddy's Run i s  a third-order 

stream within t h e  boundaries of the FMPC (based on Geological  

Survey, Shandon quadrangle 1 9 7 4 ) .  The t o t a l  of 1 3  species 

c o l l e c t e d  i s  comparable t o  some other s t u d i e s .  Kuehne (19621, 

i n  an extensive collection of  an uninhabited region of the 

Buckhorn&'Creek drainage, Kentucky, sampled 4 third-order s i t e s  

and found 9 t o  1 7  species  per s i t e .  Similarly,  Lotrich ( 1 9 7 3 )  
<f _. 

c o l l e c t e d  1 5  species  i n  a t h i r d  order s t r e t c h  of Clemons Fork, a 

t r i b u t a r y  of  Buckhorn Creek. As i n  Paddy's Run, both of  these 

c o l l e c t i o n s  were dominated by cyprinids and percids ( d a r t e r s ) .  

I n  addition t o  the species col lected i n  t h i s  study, an adult  



. . .  
s i x f l s : ?  (appearing :a be a blzecii-, Lepcrnis rnacrcc.?irLs) er.2 

S C ' ~ . O G : S  of redbelly dace (Phoxinus erythrogaster) were vlica,,? . .  

spotrod during an i n i t i a l  walk through Paddy's Run i n  May, 1 3 3 5 .  

A t  t h a t  t h e ,  the water was very c l e a r .  I t  i s  d i f f i c z l t  t= 

explain the lack of redbelly dace i n  our c o l l e c t i o n s ,  especial ly  

since Trautman (1981) notes that t h i s  i s  not a species t h a t  

normally migrates downstream i n  the summer. However, he adds 

that it  i s  important for streams inhabited b y  redbelly dace to 

contain an adequate amount of water throughout the year, and 

further notes that  they are s e n s i t i v e  t o  t u r b i d i t y .  It  i s  

possible  that the low water l e v e l s  or high degree of t u r b i d i t y  

a t  the time o f  t h i s  study may have contributed to the absence of 

t h i s  s p e c i e s .  

Many of the species taken i n  t h i s  study were described b y  

Trautman (1981) as being reasonably tolerant  of s i l t  and 

t u r b i d i t y .  However, such factors  may l i m i t  the distribution and 

abundance of some s e n s i t i v e  species i n  Paddy's Run, such as the 

blacknose dace (mini chthys a t r a t u l u s )  . Nevertheless, other 

species that  are s e n s i t i v e  t o  these factors,  such as the rosefin 

shiner (Notropfs ardens) and si lverjaw minnow (Ericymba 

Numerically, bluntnose minnows (Pfmephales n o t a t u s ) ,  creek 

chubs (Semotilus atromaculatus), and stoneroller  (Campostoma 

anopalurn) minnows dominated our c o l l e c t i o n s ,  although the 
* 

rosefin shiner, Johnny (Etheostoma nigrwn), orangethroat (E. 

spectabile), and f a n t a i l  (E. flabellare) darters were a l s o  major 

components of the ichthyofauna. However, the numerical values 



are somewhat misleading since a larqe portion of o c z  c c : : ” ~ : ~ : : . ~  

included specinens under 2Omm standard length (Si,) ::at were 

presumably young of the year.  For example, of the 2 0 9  creek 

chubs taken a t  s i t e  2 ,  only about 10 t o  1 5  were over 25mm S L .  

The Shannon-Weaver indices calculated f o r  the two r i f f l e s  

( H ’  = 0 . 7 2 5 )  and three pools ( H ’  = 0 . 7 6 9 )  indicate  that the 

species composition i s  d i f f e r e n t  (see Tables 1-31. White 

suckers (Ca tos tomus  comrnersoni), si lverjaw minnows, rosefin 

shiners, and Johnny darters were rare or absent from r i f f l e  

samples, b u t  common i n  pools.  F a n t a i l  darters were common only 

i n  r i f f l e s .  Results  a l s o  demonstrated the importance of 

sampling several  s i t e s .  For example, bluntnose minnows were 

rare i n  r i f f l e  2, but very abundant i n  r i f f l e  3,  and rosefin 

shiners were very rare i n  pool 4 ,  b u t  common i n  pool 3 and 

moderately common i n  pool 2. 

A f t e r  sampling the three s i t e s  described above, addit ional  

f i s h  were c o l l e c t e d  from a wide v a r i e t y  of h a b i t a t s  over a 

s t r e t c h  o f  stream approximately 300 meters i n  length i n  order t o  

survey f o r  the presence of sunfish (Centrarchidae) o r  other 

species  listed i n  Tarzwell ’s  (1952) survey of  Paddy’s Run, b u t  

not found a t  our sampling s t a t i o n s .  Although the very deepest 

pools (1.Sm or mare) could not be adequately sampled, no 

a d d i t i o n a l  fish species were i d e n t i f i e d .  However, one young 

centrarchid ( l e s s  than l5mm SL), t e n t a t i v e l y  i d e n t i f i e d  as a 

green sunfish (tepomls cyanellus) was c o l l e c t e d  downstream below 

Willey Road. While it is possible  t h a t  centrarchids and other 

species  not found i n  our study do inhabit t h e  s t r e t c h  of Paddy’s 
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Run w i t h i n  t3.e FMPC boundaries, t h e y  may be restziczed to 

periods of greater flow, as in c:?e spring.  Trautinan ( 1 9 E 1 )  

.n.otes chat most Ohio stream f i s h e s  demonscrate downscream 

m0vemer.t a f t e r  the spawning season. 

Some species l i s t e d  i n  Tarzwell 's  (1952) survey of  P a d d y ' s  

Run are apparently i n  error.  The common shiner (Notropis 

cornutus), l i s t e d  b y  Tartwell,  i s  r e s t r i c t e d  t o  northern Ohio, 

whereas the striped shiner (N. chrysocephalus) , i d e n t i f i e d  in 

t h i s  study, i s  found throughout Ohio (Trautman 1981). These t w o  

species were considered conspecif ic  a t  the time of Tarzwell 's  

survey. Similarly,  the northern red-fin shiner (N. umbratilis 

cyanocephalus) does not occur i n  southwestern Ohio (Trautman 

1981). I t  appears l i k e l y  that  Tarzwell confused t h i s  species 

w i t h  the rosefin shiner. 

Based on t h i s  survey, Paddy's Run appears t o  have a 

r e l a t i v e l y  diverse ichthyofauna i n  the area of stream above the 

K-65 storage tanks. However, it is regrettable  that  the stream 

w i t h i n  the FMPC boundaries was dry below the plant s i t e ,  making 

comparisons impossible. Spot c o l l e c t i o n s  were made farther 

downstream, j u s t  above New Haven Road on July 8,  1 9 8 6 .  These 

c o l l e c t i o n s ,  although not nearly as thorough as those described 

above, indicated that  t h e  f i s h  fauna i n  t h i s  o f f s i t e  region was 

s i m i l a r  t o  that  a t  FMPC s i t e s  2 - 4 ,  although blacknose dace 

appeared t o  be more common. 

Bauer e t  a l .  ( 1 9 7 8 )  found s i g n i f i c a n t  reductions i n  the 

number of species c o l l e c t e d  a t  three s i t e s  i n  Paddy's Run 

located below FMPC and the Mobil O i l  (now Rutgers-Neese 



Chenical)  Company f a c i l i t y .  -. L x e e  sites sampled abcvre z?.ese 

p1a .n . t~  included 10-17  species each, while the three lower s i z e s  

eacn contained only 4 or 5 s p e c i e s .  

AXPEIBIANS AND REPTILES 

Amphibians and r e p t i l e s  were not censused during the sunTer 

of 1 9 8 6  due t o  time constraints.  Incidental s i g h t i n g s  of 

herpetofauna were noted, however, and a l i s t i n g  of those 

organisms seen i s  included i n  Appendix A, Catalogue of Species 

of the FMPC. 

American toads ( E u f o  americanus)  and spring peepers (Hyla 

c r u c f f e r )  were found i n  breeding ponds i n  the spring prior  t o  

the beginning of  t h i s  study.  Northern water snakes (Nerod ia  

s i p e d o n )  seemed t o  be common i n  Paddy's Run during a survey i n  

May, again prior  t o  the formal commencement of  t h i s  study.  

queen snake (Regina s e p t e m v i t t a t a )  was a l s o  observed i n  the 

A 

stream during the same period.  

We often found B u t l e r ' s  garter  snakes (Thanmophis butleri) 

within the environs of  the FMPC and a black r a t  snake (Elaphe 

obsoleta) was seen i n  Woodlot 3 .  Box t u r t l e s  (Terrapene  

carolfna) were frequently seen along Paddy's Run and i n  the 

wooded areas. 

We would expect the herpetofaunal community of the FMPC t o  

be s i m i l a r  to t h a t  o f  southwestern O h i o  and southeastern 

Indiana. 
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2 r e e a i n g  birds were censused from 25 June to 25 ;sly LS::; 

a fixed-width line transect (Emlen 1971). Each of 11 6 C O  rn 

permanent transects (Fig.1) was censused 12 times in order ta 

obtain accurate and consistent density estimates (Engel-Wilscn 

et al. 1981). Censuses began from 1/2 to 3 hours after sunrise 

and ended before 1100 hours. The Emlen transect method has bee.? 

shown to be more feasible and provide similar estimates of bird 

densities, species diversity, evenness, and species richness 

when compared to variable circular plot techniques (Anderson and 

Ohmart 1981). 

Results were expressed in terms of percent frequency of 

. occurrence, density (as calculated by Emlen 19711, species 

diversity (H', Shannon and Weaver 1949; D,  Simpson 19491, 

species dominance (C, Simpson 19491, community evenness (J', 

Pielou 19661, and community similarity. Percent frequency of 

occurrence values were calculated by dividing the number of 

censuses a species was present (0-12) by the total number of 

censuses (12) and multiplying by 100. The Jaccard Coefficient 

(Jaccard 1908) and the Coefficient of Similarity (Whittaker 

1975) were used as measures of qualitative community similarity 

.: in terms of presence or absence of species. 

e:. (Whittaker 1975) and Morisita's Index (Morisita 1959) were used 

Percent Similarity 

as measures of quantitative community similarity in terms of the 

number of individuals of each species present. 
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Zighty-three species c f  b i r d s  rere found c n  the FX?C s i z e  

(Table 2 5 ) .  More t h a n  1 / 3  of these ( 3 4 )  were found in a 

majority ( 2 5 )  of the habitats  (Table 2 5 ) .  Every h a b i t a t  

contained the mourning dove (Zenaida m a c r o u r a ) ,  American =obi?. 

(Turdus migratorius) , blue jay (Cyanocitta cristata) , Afilerican 

crow (Corvus brachyrhynchos) , American goldfinch (Carduelis 

tristis) , northern bobwhite (Colinus virginianus) , and common 

grackle ( Q u i s c a l u s  q u i s c u l a )  . Goldfinches, song sparrows 

(Melospira m e l o d i d ) ,  and robins had the g r e a t e s t  o n s i t e  

d e n s i t i e s  - robins had d e n s i t i e s  o f  more than 100 birds per 4 0  

ha i n  f i v e  of eleven habitats  (Table 2 6 ) .  Avian d e n s i t i e s  

varied s u b s t a n t i a l l y  between habitats,  from l e s s  than 250 birds  

per 4 0  ha i n  the pastures t o  more than 2500 birds per 4 0  ha i n  

the pine plantings (Table 2 6 ) .  Avian d i v e r s i t y  was lowest i n  

the pastures (H' < 1 . 7 5 )  and greatest  i n  the riparian habitats  

(H' > 3 . 4 5 ;  Table 2 7 ) .  Avian cornunity s i m i l a r i t y  was g r e a t e s t  

between UGP and G P 1  and between P P 1  and PP2, whereas the RFAP 

avian community was l e a s t  s imilar  t o  t h a t  of  any other habitat  

studied (Table 2 8 ) .  

T h i t t y - s i x  species o f  birds  were found i n  the pastures at 

the FMPC (Table 2 5 ) .  The most abundant species  i n  the pastures 

were the eastern meadowlark (Sturnella magna) and red-winged 

blackbird ( A g e l a f u s  phoenfceus;  Table 2 6 ) .  These two species,  

i n  addition t o  the European s t a r l i n g  ( S t u r n u s  v u l g a r i s ) ,  



c o n s i i i u t e d  Over 7 0 %  of :he EcEal avian community i n  eac.? 

?ascure  (Table 2 6 ) .  Most of t h e  spec ies  ( 7 0  - 9 0 % )  ?ad 

d e n s i c i e s  of l e s s  than 5 ind iv idua ls  per  40 ha.  Domi2ar.ce c y  3 

few spec ies  was a l s o  ev ident  by t h e  high Simpson dcminar.ce 

values  and low spec ies  d i v e r s i t y  ind ices  (Table 2 7 ) .  

Community s i m i l a r i t y  ind ices  showed t h a t  t h e  pas tures  were 

somewhat s imilar  i n  terms of t h e  spec ies  present  (Table 2 8 )  wi::?. 

f i f t e e n  spec ies  common t o  a l l .  UGP and G P 1  were t h e  most 

q u a n t i t a t i v e l y  s imi l a r  ( i . e . ,  t h e  number of i nd iv idua l s  i n  each 

t a x a  were s imi l a r ) .  Severa l  d i f f e rences  were observed, however. 

The k i l l d e e r  (Charadrius vociferus) and savannah sparrow 

(Passerculus sandwichensis) were f requent ly  found i n  G P 1  but 

absent  or nea r ly  so i n  t h e  o t h e r  pas tu re s .  The U G P  contained 

- t w o  spec ies ,  t h e  grasshopper sparrow (Ammodramus savannarum) and 

song sparrow, t h a t  were absent  i n  t h e  grazed pas tu re s .  

Addit ional ly ,  two- rap to r s ,  t h e  red-tailed hawk (Buteo 

jamaicensis) and American kestrel (Falco sparverius) , were 

p resen t  i n  UGP and GP1 b u t  absent  i n  G P 2 .  Overall, spec ies  

d i v e r s i t y  w a s  h ighes t  i n  UGP, in te rmedia te  i n  G P 1 ,  and lowest i n  

G P 2 .  

Unexpected species included t h e  red-headed woodpecker 

(Melanerpes crythrocephalus) and grasshopper sparrow i n  U G P ,  t h e  

h a i r y  woodpecker (Picofdes v i l l o s u s )  and savannah sparrow i n  

G P 1 ,  and t h e  great b lue  heron (Ardea herodias) and t h e  eastern 

. b l u e b i r d  ( S i a l i a  s ia l i s )  i n  GP2. The nor thern  h a r r i e r  (Cfrcus 

cyaneus) , nor thern  mockingbird (Mimus polyglottos) , and savannah 

sparrow were found only  i n  t h e  pas tu re s .  All expected species  



were found i n  a t  l e a s t  one of :he pascares sampled on t h e  F W C  

S l f e .  

T h i r t y - n i n e  spec ie s  were found i n  RFAP (Table 251. .  The 

most common spec ie s  included t h e  mourning dove, American robiz, 

common yel lowthroat  ( G e o t h l y p i s  t r i c h a s ) ,  n o r t h e r n  c a r d i n a l  

( C a r d i n a l i s  c a r d i n a l i s ) ,  f i e l d  sparrow ( S p i z e l l a  p u s i l l a ) ,  song 

sparrow and American goldf inch .  The c a r d i n a l ,  f i e l d  sparrow and 

goldf inch  c o n s t i t u t e d  over h a l f  of t h e  t o t a l  av ian  community 

(Table 2 6 ) ,  al though t h e  o v e r a l l  concent ra t ion  of dominant 

spec ie s  was not  as g r e a t  as  many of t h e  other av ian  communities 

a t  t h e  FMPC (Table 2 7 ) .  RFAP s p e c i e s  d i v e r s i t y  ranked 7 t h  o r  

8 t h  g r e a t e s t  (depending on t h e  index) ou t  of 11 habi ta t s .  

The av ian  community s t r u c t u r e  of t h e  RFAP was most s i m i l a r  

t o  W2 and PP2 al though similarities were r e l a t i v e l y  low (Table 

2 8 ) .  F i e ld  sparrows were more abundant i n  t h e  RFAP t han  any' 

o t h e r  habi ta t .  Many spec ie s  t h a t  would be expected i n  an o ld-  

f i e l d  habi ta t  (a  community w i t h  vege ta t ion  s t r u c t u r e  similar t o  

the RFAP) were found i n  t h e  RFAP. However, s e v e r a l  spec ie s  

typical of old-fields such as t h e  catbird (Dumetella 

carolfneasls) mockingbird and yellow-breasted chat ( I c t e r i a  

virens) were expected but  not  found. N o  spec ie s  were unique t o  

the RFAP, however, h a i r y  woodpeckers, cedar waxwings (Bombycilla 

cedrorum) and grasshopper sparrows were unexpected. 
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Forty-thzee species  were fDund i n  P P I  and 2 ? 2  (Tab le  2 5 ) .  

The r .ost  abundant species  (>  250 b i rds /ha )  i n  both a r e a s ,  

consti:.Jticg 60 t o  7 0 3  of  t h e  t o t a l  avian community, were cke 

mourning dove, American robin,  song sparrow and American 

goldf inch .  Other abundant spec ies  were t h e  willow f lyca tche r  

(Empidonax t r a i l i i ) ,  gray c a t b i r d ,  northern card ina l ,  f i e l d  

sparrow, and red-winged b lackbi rd .  Avian d e n s i t i e s  were 

extremely high i n  both a reas  and d e n s i t i e s  of t h e  most common 

spec ies  were higher i n  t h e  pines  than any o ther  h a b i t a t  type .  

The avian communities i n  P P 1  and PP2 were more s i m i l a r  than 

between any o the r  h a b i t a t  types (Table 28 ) .  There were, 

however, s eve ra l  notable  d i f f e r e n c e s .  I c t e r i d s ,  except red- 

winged b lackbi rds ,  were more abundant i n  PP2 than P P 1  (Table 

2 6 ) .  P P 1  supported g r e a t e r  d e n s i t i e s  of yellow warblers 

(Dendroica petechia) and gray c a t b i r d s  whereas PP2 supported 

g r e a t e r  d e n s i t i e s  of eastern wood-pewees (Contopus virens) 

(Table 2 6 ) .  Pewee dens i ty  d i f f e rences  may not have been r e a l  

however, a s  t h e  separa t ion  of pewees from willow f lyca tche r s  by 

v i s u a l  cues alone was extremely d i f f i c u l t .  Overall ,  spec ies  

d i v e r s i t y -  was g r e a t e r  i n  PP2 t h a n  PP1, but was intermediate  when 

compared t o  o t h e r  FMPC h a b i t a t s .  

Unexpected spec ies  i n  t h e  p ines  included t h e  cedar waxwing 

and willow f lyca tche r .  W i l l o w  f l yca t che r s  were found i n  l a rge  

d e n s i t i e s  i n  both areas. 

a l though p r a i r i e  warblers (Dendroica df scolor) were expected but 

not found . 

N o  spec ies  were unique t o  t h e  pines 
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s i x t y  species of birds were found i n  the woodlazs (Table 

25). The most comnon species in the woodlots were :?.e yellow- 

billed cuckoo (Coccyrus d m e r i c a n u s ) ,  downy woodpecker ( P i c o i d e s  

pubescens) , blue jay, Carolina chickadee ( P a r u s  carolinensis) , 

American robin and northern cardinal with sizable numbers of 

northern flickers (Colaptes a u r a t u s ) ,  tufted titmice ( P a r u s  

b i c o l o r ) ,  house wrens ( T r o g l o d y t e s  a e d o n ) ,  wood thrushes 

(Hylocichla m u s t e l i n a ) ,  gray catbirds, common yellowthroats, 

indigo buntings ( P a s s e r i n a  c y a n e a ) ,  field sparrows, and song 

sparrows. Robins were dominant in each woodlot (Table 26). The 

three species with the greatest densities composed 37, 52 and 5 9  

percent of the avian community in W1, W2 and W3,respectively. 

Although dominance concentrations were more similar in W2 

and W3, avian community similarity was greater in W1 and W2 

(Table 28), both qualitatively and quantitatively. The gray 

catbird, common yellowthroat, indigo bunting, field sparrow, 

song sparrow and American goldfinch were most abundant in W1 and 

W2 and the Carolina chickadee and tufted titmouse were most 

abundant in W 3 .  Overall, species diversity was highest in W1, 

intermediate in W2, and lowest in W3 (Table 2 7 ) .  

Several unexpected species were found in the woodlots. 

These were the Cooper's hawk (Accipiter cooperif), black-billed 

cuckoo (Coccyzus erythropthalmus) , Philadelphia vireo (Vireo 

philadelphicus) and black-and-white warbler (Mnfotifta v a r i a )  in 

W1; the cedar waxwing in W 2 ;  and the American woodcock ( S c o l o p a x  



tanaGer ( P i r a n g a  r u b r a )  i n  W 3 .  The s c a r l e t  tanage: (2. 

o l i - ~ a c c j )  w a s  p resent  i n  a l l  woodlots. The American woodcack, 

whice-eyed ~ r i r e o  ( V .  g r i s e u s )  , Phi lade iphia  v i r eo ,  black-and- 

whize  warbler and yellow-breasted chat  were a l l  unique to the  

woodlots. Several  species were expected b u t  not found. The 

blue-gray gna tca tcher  (Polioptila c a e r u l e a ) ,  yellow-throated 

v i r e o  ( V .  f l a v i f r o n s )  , ovenbird ( S e i u r u s  aurocapillus) , KeneLcky 

warbler (Oporornis formosus) ,  ceru lean  warbler (Dendroica 

observed i n  s i m i l a r  areas (Probst  1979,  B u l l  and  Farrand 1977), 

were absent  from FMPC woodlots. Acadian f l y c a t c h e r s  (Empidonax 

’ o l i v a c e u s ) ,  while  present ,  were fewer i n  number than expected. 

S ix ty-e ight  spec ie s  were found i n  t he  r i p a r i a n  habi ta t  

a long Paddy’s Run (Table 25). RN1 and RN2 had the  g r e a t e s t  

s p e c i e s  r i chness  and d i v e r s i t y  of a l l  h a b i t a t s  a t  t h e  FMPC. 

Most abundant were the mourning dove, northern f l i c k e r ,  b l u e  

jay,  American robin  and nor the rn  cardinal.  Other  species, 

i nc lud ing  t h e  yel low-bi l led cuckoo, downy woodpecker, Carol ina 

wren, European s t a r l i n g ,  ind igo  ’bunting, song sparrow, common 

g rack le  and American goldf inch,  were f requent .  
*. 

RN1 and RN2 were somewhat similar i n  avian community 
.. . 

s t r u c t u r e  (Table 28). The d i f f e r e n c e s  i n  spec ie s  composition, 

however, were much more apparent .  I n  RN1 t h e  robin,  s t a r l i n g  



and red-winged blackbird were dominant whereas in R N ~  ::?e 

doninant species were the robin, cardinal and b l x e  j a y .  s?ecies 

d i v e r s i t y  was greater i n  R N 1  than RN2 (Table 2 7 ) .  Two w a c i n c  

birds,  the great blue heron and green-backed heron (Butorides 

s t r i a t u s )  ; three shorebirds, the s o l i t a r y  sandpiper ( T r i n g a  

s o l i t a r i a ) ,  spotted sandpiper ( A c t i t i s  m a c u l a r i a )  and k i l l d e e r ;  

and s i x  songbirds, the wood thrush, red-eyed vireo,  yellow 

warbler, summer tanager, eastern meadowlark and orchard o r i o l e  

( I c t e r u s  s p u r i u s ) ;  a l l  present i n  RN1, were absent i n  RN2. Many 

species common t o  RN1 were observed infrequently i n  RN2 (Table 

25). Avian density  i n  -1 was nearly twice that  of R N 2 ,  however 

the red-bellied woodpecker (Melanerpes Carolinus), downy 

woodpecker, t u f t e d  titmouse and white-breasted nuthatch ( S i t t a  

carollnensis) were greater  i n  abundance i n  RN2 (Table 2 6 ) .  

Unexpected species  i n  RN1 and RN2 were the p i l e a t e d  

woodpecker, cedar waxwing, Louisiana waterthrush ( S e i u r u s  

motacilla), and s c a r l e t  tanager, as well  as the s o l i t a r y  

sandpiper i n  (RN1 o n l y ) .  S i x  species were unique t o  the 

riparian h a b i t a t s .  These were the green-backed heron, s o l i t a r y  

sandpiper, wood duck ( A f x  sponsa) , belted kingfisher (Ceryle 

alcyon), and Loufslana waterthrush. The yellow-throated warbler 

and blue-gray gnatcatcher were expected but  absent and the 

yellow warbler was expected i n  greater numbers. 
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.A diverse  avifauna e x i s : s  a t  Cke FKPC. Eighty-three 

species ( inc luding  3 o n l y  seen prior t o  the commezcement of 

c e n s u s i n g )  of b i r d s  represent ing 1 2  o rders  and 2 9  fami l ies  were 

found on t h e  s i t e  (See Appendix A )  a s  compared t o  105 species  cf 

breeding b i r d s  l i s t e d  by B a t t e l l e  (1981) and 57 reported b y  

Weston ( 1 9 8 6 ) .  We do not be l ieve  t h i s  d i f fe rence  t o  be 

s i g n i f i c a n t  a s  B a t t e l l e ' s  l i s t i n g  relied t o  a grea t  ex ten t  upon 

s t a t e  and reg iona l  l i s t s  r a the r  than a c t u a l  s igh t ings  ( o n l y  50 

a c t u a l l y  s i g h t e d ) .  The high o v e r a l l  avian d i v e r s i t y  a t  t h e  FMPC 

i s  probably due t o  high h a b i t a t  heterogenei ty .  S i x  major 

h a b i t a t  types occur on s i t e .  The many small discontinuous 

patches,  c r e a t e  a l a rge  a rea  of contac t  between h a b i t a t s  ( i . e . ,  

edge h a b i t a t s ) .  An increase i n  b i rd  spec ies  d i v e r s i t y  has been 

a s soc ia t ed  w i t h  these contact  zones between h a b i t a t s  ( e . g . ,  

S t r e l k e  and Dickson 1980, Kroodsma 1984)  and t h u s  avian 

d i v e r s i t y  a t  t h e  FMPC is probably increased due t o  t h i s  "edge 

e f f e c t " .  

Avian spec ie s  r ichness  and d i v e r s i t y  i n  FMPC h a b i t a t s  were, 

i n  some cases? higher  and i n  o the r s ,  lower than those found i n  

t h e  l i terature.  On s i te  d i v e r s i t i e s  i n  t h e  woodlots ranged from 

2 . 3 9 3  t o  2.886 with 28 t o  35 spec ies ,  whereas Temple e t  a l .  

(1979)  repor ted  values  from 2 . 9 3 8  t o  3 . 1 3 5  and 54 t o  58 spec ies  

f o r  northern deciduous f o r e s t s .  D i v e r s i t i e s  i n  Hueston Woods 

- _ .  

.. 

S t a t e  P a r k ,  Oxford, Ohio var ied  year ly  from 2 .777  t o  3.084 

(Beiss inger  1 9 8 4 ) .  The RFAP? somewhat s i m i l a r  t o  Karr's (1968) 

e a r l y  shrub  h a b i t a t  on a reclaimed s t r i p  mine, had a lower 



d i v e r s i t y  ( 2 . 6 1 6  v s .  2 . 7 2 2 )  bur h i g h e r  r i chness  ( 3 0  i ' s .  la) ::-z: 

K a r r ' s  s tudy s i t e .  The avian d i v e r s i t i e s  i n  t h e  r i c a r i a n  

h a b i t a t  ranged from 3.486 t o  3.623 w i t h  4 2  t o  54 spec ie s  whic:? 

was g r e a t e r  than those  found i n  K a r r ' s  (1968) bottomland f e r e s t  

( H "  = 3 .315 ,  R =32)  and i n  a f loodpla in  f o r e s t  (H' = 2.82; 

Beissenger 1984, r eca l cu la t ed  from Tramer 1969) .  Although 

comparable d i v e r s i t i e s  i n  h a b i t a t s  similar t o  t h e  p a s t u r e s  ar.d 

p ine  p l a n t a t i o n s  could n o t  be found i n  t h e  l i t e r a t u r e ,  spec ie s  

d i v e r s i t y  and r i chness  i n  these areas were s imilar  t o  what w e  

would expec t .  

Avian d e n s i t i e s  at: t h e  FMPC were s l i g h t l y  less than  those 

r epor t ed  i n  t h e  l i t e r a t u r e .  Dens i t i e s  i n  t h e  woodlots ranged 

from 439-602 b i rds /40  ha whereas Karr (1968) r epor t ed  329 

t e r r i t o r i a l  males (-658 i nd iv idua l s ) /40  ha i n  an upland oak- 

maple f o r e s t  and Beiss inger  (1984) repor ted  583 t e r r i t o r i a l  

males ( -1166 i nd iv idua l s ) /40  ha.  Avian d e n s i t i e s  i n  RN1 were 

similar t o  those noted by o the r s ;  1161 b i rds /40  ha compared t o  

978 birds/4O ha i n  an  I l l i n o i s  bottomland forest (Karr 1968) and 

600-1400 indiv idua ls /40  ha estimated i n  a mixed bottomland 

forest (Udvardy 1957) .  Density i n  RN2 (623 b i rds /40  ha) w a s  

less t h a n  the above va lues .  The RFAP avian community was less 

dense than Karr's (1968) e a r l y  shrub p l o t  (524 vs .  682, 

r e s p e c t  i v e l y )  . 
Twenty-four s p e c i e s  of birds  t h a t  r e g u l a r l y  n e s t  wi th in  a 

20 m i l e  radius of downtown Cinc inna t i ,  Ohio (CNC 1978) were not 

found a t  t h e  FMPC. Eleven of t h e s e  were expected b u t  no t  found 

on t h e  FMPC. Nine of t h e s e  11 missing spec ie s  are i n s e c t i v o r e s ,  



F r i x a r i l y  f o l i a g e  gieaners.  Additionally,  9 species,  5 of ~3.:::-  

a r e  i2sectivores,  were expected i n  greater d e n s i t i e s .  >er:-..aFs 

the most  noticeably missing species was the common riiqht:?aw)c' 

(C'9ordeile.s m i n o r ) .  This species,  an insectivore which may be 

found hawking for insects i n  the e a r l y  morning or  l a t e  evenin:, 

was not found a t  the FMPC during the summer of 1 9 8 6 .  The 

absence or low density of these insectivorous birds might be 

a t t r i b u t e d  t o  several  f a c t o r s :  

(1) The reduction o f  the herbaceous and shrub layer due t o  

grazing and bush hogging may have eliminated a preferred s t r a t a  

for nesting or foraging.  Willson (1974) reported that the 

addition of herbaceous and shrub layers  resulted i n  the presence 

of one and three more insectivorous guilds,  r e s p e c t i v e l y .  The 

reduction of these layers,  e s p e c i a l l y  i n  the mature woodlot 

(W3), may explain the absence of the acadian f lycatcher and 

Kentucky warbler, but does not explain the absence and low 

d e n s i t i e s  of several  other i n s e c t i v o r e s .  

(2 )  The small s i z e  of  the FMPC woodlots may preclude some 

insectivorous species.  Forest fragmentation has been shown t o  

be a f a c t o r  a f f e c t i n g  avian community structure, e s p e c i a l l y  

lowering the densities of some insectivores  (see Robbins 1 9 7 9 ,  

f o r  a review). Area s e n s i t i v e  insectivores  l i s t e d  i n  Robbins 

(1979) included t h e  whip-poor-will (Csprfmulgus vociferus) , 
yellow-throated vireo,  ovenbird and Kentucky warbler: a l l  of 

w h i c h  were absent but  expected a t  the FMPC; and t h e  acadian 

f l y c a t c h e r  and red-eyed vireo,  which were expected i n  greater 

d e n s i t i e s .  Additional species found a t  t h e  FMPC that are 



sensitive t o  fares: fragmentatic? inciude the greac c ~ e s : ? ~  

fl:/catther (Myiarchus CriniCuS) , wood thrush, black-and-wnrze 

-warbier, Louisiana waterthrush, s c a r l e t  tanager, ana summer 

tanagez.  

( 3 )  Treehoppers (Membracidae), which may be a major fzod 

source f o r  many insectivores,  were absent from 3 transects  and 

only represented by 1-7 individuals (1.88-17.43/1000 sweeps; see 

T e r r e s t r i a l  Arthropod Discussion) i n  the 5 other transects  for 

which a n a l y s i s  i s  complete. 

( 4 )  The d e t e c t a b i l i t y  o f  canopy foragers may have been 

reduced because the sampling period was l a t e  i n  the breeding 

season when many of these species had completed nesting and 

stopped v o c a l i z i n g .  

(5 )  Normal FMPC operations may be a f f e c t i n g  the food s u p p l y  

or the insectivorous species  d i r e c t l y .  

Several  unexpected species  were observed. Most notable of 

these was the savannah sparrow which was present i n  the ungrazed 

pasture throughout the breeding season. Previously,  the normal  

breeding range of t h i s  species  d i d  not include southwestern 

Ohio. 

migrant i n  the Cincinnati  area (CNC 1 9 7 8 ) .  However, Rice ( p e r s .  

c o r n . )  ha8 noted that the species  i s  expanding southward. The 

probable e c o l o g i c a l  equivalent of  t h i s  species  i n  our area i s  

the grasshopper sparrow which has been noted on t h e  FMPC 

previously  i n  f a i r l y  large numbers (Pomeroy e t  a l .  1 9 7 7 )  Rice 

e t  a l .  ( 1 9 8 3 )  reported a general decl ine i n  grasshopper sparrow 

population numbers throughout the s t a t e .  A t  present, we cannot 

The savannah sparrow has been l i s t e d  only as an uncommon 



o f f e r  an explanation f o r  the apparent replacement of the 

grasshopper sparrow b y  the savannah sparrow w i t h i n  the FYPC si:? 

boundaries. 

METHODS 

Small mammal populations ( r a t s ,  mice, shrews, e t c . )  were 

sampled b y  removal. In each habitat  type, 120 snap-traps were 

s e t ,  3 ( 2  museum s p e c i a l s ,  1 Victor r a t  trap)  t o  a station,  a t  

each of 4 0  s t a t i o n s .  Generally, trapping stations were 1 5  m 

apart along each of 2 l i n e s  2 5  m t o  e i t h e r  side of and p a r a l l e l  

t o  the permanent transect  l i n e s ;  each l i n e  consist ing of 20 

s t a t i o n s .  The area covered by t h i s  method was a r b i t r a r i l y  s e t  

a t  3 . 3 5  ha w i t h  exceptions as noted. Traps were baited and s e t  

each evening and morning for three consecutive nights or  360 

trap-nights (TN) per transect.  Trapping was completed between 

July 1 4  and August 22, 1986. Animals were removed from the 

traps,  i d e n t i f i e d  t o  species (except Peromyscus; see 

DISCUSSION), and retained for further analysis  (only t o  be lost 

subsequently during freezer f a i l u r e  due t o  a power outage; no 

further i n v e s t i g a t i o n  a s  t o  sex or age was p o s s i b l e ) .  Trapping 

i n  a l l  h a b i t a t s  was completed between July 1 4  and August 2 3 ,  

- 

1986. 

Population estimates were derived using a method f i r s t  

described by DeLury ( 1 9 4 7 )  and hence has been termed the DeLury 

regression method. Using t h i s  method t h e  catch per u n i t  e f f o r t  



( y  axis) was plotted against the cumulative catch ( x  axis). 

Standard linear regression analysis and the solution for x wnez 

y-0 yielded population estimates f o r  each area trapped. Densiz:l 

estimates were calculated by dividing the population estimate b y  

the total area covered by the trap line. 

RESULTS 

Six small mammal species, including the cottontail rabbit 

( S y l v i l a g u s  f l o r i d a n u s ) ,  were collected (Table 29) . The 

cottontail will not be addressed under this heading, however, as 

it is included in the section regarding game animals. 

Whereas short-tailed shrews ( B l a r f n a  brevf cauda) were the 

most cosmopolitan (present in 8 of the 11 habitats sampled), 

white-footed mice (Peromyscus l e u c o p u s )  were the most numerous, 

comprising over 60% of the total number of animals trapped. 

B l a r i n a  (27%) and the meadow vole ( M f c r o t u s  p e n n s y l v a n i c u s ;  

slightly > 6 % )  represented the second and third most frequently 

occurring small mammals on the FMPC. 

(Tamius  s t r i a t u s ) ,  heard or  observed in other habitats, was 

trapped only in WL1, and the meadow jumping mouse (Zapus  

h u d s o n f u s )  was found only in the two riparian areas. 

The pastures ( G P 1 ,  G P 2 ,  U G P )  were seemingly the most 

The eastern chipmunk 

depauperate. During 360 trap nights (TN) of effort, nothing Was 

caught in G P 1 ,  and only a single individual (meadow vole) was 

caught in each of the other two. With the exception of a 

cottontail, only shrews were taken in RFAP. Animal densities, 



where c a l c s l a t i o n s  were possible ( see  Table 29), were ki3k.e~: i:. 

WL2 followed by XN1, WL1, and WL3, i n  tha: orde r .  

DiSC3SSiCN 

m r t - t a i l e d  

Three t o  1 0  times more shrews were t rapped i n  RFAP chan i?: 

any other a rea  on t h e  FMPC. Mumford and Whitaker (1982) 

repor ted  only 0 . 2 3  animals/lOOTN i n  a brushy f i e l d ,  a h a b i t a t  

somewhat s i m i l a r ,  a t  least  i n  desc r ip t ion ,  t o  RFAP. Whereas 

wooded areas have gene ra l ly  been repor ted  t o  be optimal h a b i t a t  

for t h e  spec ies ,  non-wooded a r e a s  with heavy ground cover, such 

as RFAP, have been found t o  o f t e n  support  higher  numbers 

(Mumford and Whitaker 1982) .  Gottschang (1981) s t a t e d  t h a t  t h e  

s h o r t - t a i l e d  shrew w a s  poss ib ly  present  i n  g r e a t e r  numbers and 

i n  a wider v a r i e t y  of h a b i t a t s  than any o t h e r  wild mammal i n  

Ohio. Fread ( 1 9 4 7 )  noted t h e  spec ie s  as one of t h e  most common 

i n  B u t l e r  County. Our data gene ra l ly  support  t h i s  hypothesis .  

This spec ie s  i s  of p a r t i c u l a r  importance f o r  two reasons:  

(1) it i s  venomous (George e t  a l .  1986, Gottschang 19811, and 

( 2 )  it i s  a p reda to r  of insects and o t h e r  mice (Mumford and 

whitaker 1982) .  Due t o  i t s  food h a b i t s ,  DDT and o the r  p e s t i c i d e  

res idue8  have been found t o  concent ra te  a t  l e v e l s  up t o  1 0  times 

those  reported i n  Peromyscus (Dimond and Sherburne 1 9 6 9 ) .  Heavy 

metal concent ra t ions  have a l so  been noted (Ge tz  e t  a l .  1 9 7 7 ) .  

The only  sub-species of white-footed mouse known t o  occur 

wi th in  t h e  state of Ohio is Peromyscus leucopus novebozacensis, 



p 

the woodland white-footed mouse (Gottschang 1 9 8 1 ,  Fread 1 3 4 7 )  

The only other species of Peromyscus i n  the s t a t e ,  ?. 

m a n i c u l a t u s  bairdii, i s  nearly i d e n t i c a l  t o  the whiEe-footed 

mouse. Mumfcrd and Whitaket (1982) s t a t e d  t h a t  d i f f e r e n t i a t i o r .  

of l i v e  specimens of Indiana populations of the two species was 

d i f f i c u l t  and reported that  they could not d i s t i n g u i s h  between 

the two, using s k u l l  c h a r a c t e r i s t i c s ,  w i t h  any degree of 

c e r t a i n t y .  

Hoffmeister ( p e r s .  comm.) has noted similar d i f f i c u l t y  i n  the 

i d e n t i f i c a t i o n  of Arizona populations. 

The same i s  true i n  other areas and sub-species.  

We assigned a l l  Peromyscus c o l l e c t e d  t o  P. 1. 

noveboracensis on the basis  of habitat  a s s o c i a t i o n .  Lyon (1936) 

noted t h a t  P .  manfculatus was never c o l l e c t e d  i n  Indiana 

woodlands and Mumford and Whitaker ( 1 9 8 2 )  s t a t e d  that  the 

species  was not an i n h a b i t a n t  of wooded areas.  Fread (1947) 

reported the white-footed mouse as the most abundant rodent i n  

Butler County woodlots. 

i n  county woodlands. 

The l a t t e r  was the most abundant mouse 

Our capture r a t e s  o f  2.22 t o  3.89 individuals/iOOTN are 

higher than t h a t  noted by Mumford and Whitaker ( 1 9 8 2 ) :  

1.60/100& i n  upland wooded areas.  

4.80/10OTN i n  riverbottom woods which i s  approximately 2 . 5  t o  

s l i g h t l y  over 4 times the numbers trapped i n  RN1 and RN2, 

However, they reported 

r e s p e c t i v e l y .  

We estimated d e n s i t i e s  t o  be 2.4 t o  9 . 2  animals/ha, 

dependent on h a b i t a t .  These data compare favorably w i t h  home 

range s i z e s  of 0.09 t o  0 . 6 8  ha as reported by Gottschang ( 1 9 8 1 ) .  



Y e 3 e O W  v o l e  

As most m i c r o t i n e  roden t  p o p o l a t i o n s  d i s p l a y  F e r i n c i c  

c y c l e s ,  a n n u a l  c a t c h  ra tes  may v a r y  c o n s i d e r a b l y .  Dertsiries 

have been r e p o r t e d  t o  v a r y  from 1 or  2 t o  o v e r  500 

i n d i v i d u a l s / h a  d u r i n g  a 2 t o  5 year p e r i o d  (Krebs and Myers 

i 9 7 4 ,  Hamilton 1 9 4 1 ) .  I n  Ohio, Go t t schang  (1981)  and Bole 

(1939)  b e l i e v e d  a 3-year  c y c l e  t o  be normal .  But,  whereas o u r  

catch ra tes  o f  0 .28  t o  0.56/100TN do n o t  seem t o  i n d i c a t e  h i g h  

d e n s i t i e s ,  t h e y  are w e l l  w i t h i n  t h e  r a n g e  o f  0 .18 t o  0.65/100TN 

r e p o r t e d  by Mumford and  Whitaker (1981)  i n  I n d i a n a .  The fact  

t h a t  none were caugh t  i n  GP1 may o n l y  b e  i n d i c a t i v e  of  

i n s u f f i c i e n t  cover or of ex t reme compact ion of t h e  s o i l  due t o  

g r a z i n g .  I n  a d d i t i o n ,  local vole p o p u l a t i o n s  may be a t  t h e  l o w  

p a r t  of t h e  c y c l e .  F u r t h e r  i n v e s t i g a t i o n  is n e c e s s a r y  t o  v e r i f y  

any  or a l l  of t h e s e  h y p o t h e s e s .  

A n  i n h a b i t a n t  of woodlands a n d  woodland borders (Mumford 

and  Whi taker  19811, chipmunk densities have been  r e p o r t e d  t o  be 

h i g h l y  variable, both t e m p o r a l l y  and  g e o g r a p h i c a l l y ,  r a n g i n g  

from 0.3 to 37.6/ha (Snyder  1982). Our e f f o r t s  y i e l d e d  o n l y  a 

s i n g l e  a n h l  from w t l  and w e  do n o t  believe t h i s  t o  be t r u l y  

i n d i c a t i v e  of FMPC popu la t . i on  d i s t r i b u t i o n  a n d  numbers. For 

example, t h e  a u t h o r  (CFF) h a s  p e r s o n a l l y  observed or h e a r d  

several animals along Paddy ' s  Run, p a r t i c u l a r l y  i n  t h e  woodland 

border on the east bank; however, none were c a p t u r e d  t h e r e  



during 7 2 0  T N .  

animals were not caught. 

No explanatiO3 Can be offered re9a:dir.g wF.y - c z i  

Snyder ( 1 9 8 2 )  reported a 2 -  t o  5-fold annual v a r i a t i c n  in - 

numbers and a home range of 0 . 0 3 - 0 . 4  ha. Our data supporz t h e  

l a t t e r .  

Meadow 4- m n u  

The meadow jumping mouse was found only i n  riparian h a b i t a t  

durir.g the summer of 1 9 8 6 .  Mumford and Whitaker ( 1 9 8 2 )  l i s t e d  

the preferred h a b i t a t s  as o l d - f i e l d s ,  damp o l d - f i e l d s ,  

f loodplains and woodlands ( i f  dense ground cover was p r e s e n t ) .  

They believed d e n s i t i e s  of 5 t o  2 5  animals/ha were probably 

common and reported a home range of 0.1 t o  0 . 8  ha. I n  wooded 

areas, s imilar  t o  t h e  riparian borders along Paddy's Run, 

Mumford and Whitaker ( 1 9 8 2 )  reported a catch rate  of 1 . 4 2 / 1 0 0 T N ;  

nearly 5 times that  found on the FMPC. 

SUMMARY 

Those small mammal species found on the FMPC during the 

summer of 1 9 8 6  were e s s e n t i a l l y  as expected. Three other 

species  uere expected b u t  not found. Most notable was the house 

mouse, ntts musculus. Fread ( 1 9 4 7 )  s t a t e d  t h a t  t h i s  species was 

t o  be found everywhere i n  Butler County, even though not 

abundant i n  wooded areas.  Gottschang ( 1 9 8 1 )  reported house mice 

t o  be common i n  f i e l d s  w i t h  a heavy cover of  weeds and g r a s s e s .  

Catch rates of  nearly 3/100TN i n  grassy and weedy f i e l d s  were 

reported by Mumford and Whitaker ( 1 9 8 2 )  i n  Indiana. The species 



is highly p r o i i f i c  and during outbreaks,  i n  excess of 8 0 , 9 0 0  

a n i a a l s / 0 . 4  ha have been reported (Hal l  1 9 2 7 ) .  

Mumford and whitaker (1982) noted t h e  house mouse was a 

close a s s o c i a t e  of t h e  white-footed mouse, meadow vole,  and 

meadow jumping mouse, a l l  of which were present  on t h e  F M P C .  

The au thor  (CFF) has t rapped ex tens ive ly  i n  t h e  Chihuahuan 

d e s e r t  as w e l l  as i n  Indiana and Ohio, and w i t h  t h e  exception of 

FMPC lands,  house mice were a common f i n d  i n  e i ther  l i v e  or snap 

t r a p s .  A t  t h i s  po in t  i n  t i m e ,  w e  can o f f e r  no explanat ion for 

t h e i r  apparent absence i n  FMPC habi ta t s .  In  add i t ion ,  t h e  

p r a i r i e  vole ,  Microtus ochrogaster, and woodland vole ,  M. 

pintorum, both r e l a t i v e l y  common i n  t h e  area surrounding the  

FMPC (Mumford and Whittaker 1982, Gottschang 1981, Fread 1 9 4 7 1 ,  

were n o t  found o n s i t e .  

WILDLItZ POPULATIONS 

Populat ion estimates for whi te- ta i led  deer ( O d o c o i l e u s  

v i r g i n i a n u s )  , bobwhite quail  ( C o l i n u s  v i r g i n f a n u s )  , and fox 

squirrel ( S c i u r u s  niger) were made a t  t h e  FMPC dur ing  l a t e  June 

through mid-July, 1986. 

v 
Bobwhite q u a i l  d e n s i t y  was estimated dur ing  July,  1986 w i t h  

a modi f ica t ion  of t h e  cal l -count  technique (Brown e t  a l .  1978) .  

L i s t e n i n g  s ta t ions  wi th in  t h e  FMPC were e s t a b l i s h e d  such t h a t  



a l l  c a l l i n g  males couid be detected b y  tke observer.  The 

locations of the 1 4  s tations used are shown i n  FFgcze 3 .  

During each of 7 separate counts, the number of vocalit ir . ;  

males heard w i t h i n  a s i n g l e  5 m i n  period was recorded a t  each 

s t a t i o n .  

1 7  J u l y .  The weather was characterized by hot and humid 

conditions, and was similar  during a l l  counts. 

Counts were made between 0 7 2 3  and 1 1 5 3  hrs during 11- 

RESULTS 

A summary of census r e s u l t s  i s  given i n  Table 3 0 .  Seven 

counts made on consecutive days averaged 6.l(f0.7SE) c a l l i n g  

males. The pronounced variation i n  frequency among s t a t i o n s  

( 0 . 0  t o  1 . 3  birds  per count) indicated a heterogeneous 

d i s t r i b u t i o n  of c a l l i n g  males on t h e  FMPC. 

d i s t r i b u t i o n  and r e l a t i v e  d e n s i t i e s  of  birds  censused during 

J u l y .  

Figure 4 depicts  the 

Because males are highly t e r r i t o r i a l  during the breeding 

season, the b e s t  estimate of  the c a l l i n g  male population was 

determined by summing the maximum number observed a t  each 

s t a t i o n  during the e n t i r e  study period.  A t  l e a s t  1 8  males were 

known to. use t h e  m C  for  breeding purposes. These data were 

incorporated into an estimate of the e n t i r e  FMPC q u a i l  

population by using the s p e c i e s '  l i f e - h i s t o r y  characters 

(Costanzo, unpublished) which follow: . 

Mean sex ratio 1.00:0.75 (ma1e:female) 
Mean nesting success 30% 
Mean renesting attempts 3 
Mean clutch size 14 



Mean juvenile survival  
a f t e r  16 wks 653 

From these data, a predictive  equation was aezived: 

Total  Population = 7 . 8 9  (CM) 

where CM i s  the number of c a l l i n g  males determined 
from census, and the t o t a l  population includes 
adults  and progeny 16 wks a f t e r  census. 

The above equation does not allow for adult mortality,  

which i s  minimal following brood-rearing. Accordingly, 1 4 2  

q u a i l  were predicted t o  use habitat on the FMPC i n  mid-November, 

1 9 8 6 ,  although some dispersal  t o  adjacent o f f s i t e  areas i s  

expected. This estimate is probably conservative, as the census 

was made during the f i n a l  weeks of the breeding season. 

A t  present, about 5 7 . 3 %  ( 2 . 1  km2) of the vegetated portion 

of the FMPC p o t e n t i a l l y  serves a s  summer habitat  for bobwhite 

q u a i l .  

July, 1986. Relative  density data obtained from the call-count 

census generally r e f l e c t  t h i s  variation i n  q u a l i t y  ( F i g .  4 ) .  

Habitat q u a l i t y  ranged from f a i r  t o  e x c e l l e n t  during 

The trail-count method (McCaffery 1976) was used t o  

estimate white-tailed deer density on the FMPC. T r a i l s  were 

counted from randomly-determined transects i n  deciduous 

forest/second growth, riparian and pine plantation habitats 

( F i g .  5 ) .  The technique could not be adapted t o  pasture and fly 

ash h a b i t a t s ,  which probably received only incidental  deer use. 



X S U L T S  

A t o t a l  of 6 3  deer t r a i l s  were 1cca:ed aloriq 3 . 3  Sm of 

t r a n s e c t .  Density estimates were obtained f o r  each habicat 

sampled b y  using the relationship between mean t r a i l s  per 4C3n 

transect  and known deer density ( Y  = 2 . 1 6 X  - 2 . 8 3 ,  r = 0 . 9 4 ;  

McCaffery 1 9 7 6 ) .  Table 31 presents pertinent census r e s u l t s .  

Deer density was similar w i t h i n  deciduous forest/seccnd 

growth and riparian habitats  ( 7 . 3  and 9 . 5  deer/km2). The 

calculated estimate of the e n t i r e  FMPC deer herd i n  J u l y ,  1986 

was 1 8  ( 1 1 - 2 4 ,  95% CI). This estimate i s  probably conservative 

because the abundance of mowed s t r i p s ,  access roads, c a t t l e  

paths, and other corridors on the study s i t e  reduce the number 

of t r a i l s  needed by deer. Consequently, s l i g h t l y  more deer 

probably u t i l i z e d  FMPC habitat  than t h e  census i n d i c a t e d .  

For comparative purposes, the f e c a l  pellet-group method 

(Eberhardt and Van Etten 1956) was used t o  obtain a second 

measure of  deer density.  Censusing was done i n  the northern 

( P P I )  and southern ( P P 2 )  pine plantation h a b i t a t s  only; p e l l e t -  

group d e n s i t i e s  i n  the other h a b i t a t s  were very d i f f u s e  which 

prevented the use of t h i s  method. A t o t a l  o f  37 sample p l o t s  

( 1 9 . 6  m2) were temporarily established a t  100 m i n t e r v a l s  along 

3 . 5  km of transect w i t h i n  mowed s t r i p s .  Only p e l l e t  groups 

recently  deposited on top of the herbaceous stratum were 

recorded. 

The r e s u l t s  o f  t h i s  census were based upon a defecation 

r a t e  o f  1 3 . 7  groups/deer/day (Neff 1968) and a p e l l e t  l i f e  of 

42d. The value for p e l l e t  l i f e  is contingent upon the 
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. .  assumption that mowing destroys Or conceals pre-exiscizg ;e,,e: 

groups and that mowing had not occurred for 6 wks Frior to t3.e 

census. Mean deer per habitat  was 1 . 7  times that obtaized b:/ 

the t:ail  count method (Table 31). 

About 4 2 . 7 %  (1.6 km2) o f  the vegetated portion of the FY?C 

was characterized as high-quality deer range i n  J u l y ,  1 9 8 6 .  ?.e 

habitats  most heavily used by resident and v i s i t i n g  deer were 

pine plantation,  riparian, and deciduous forest/second growth. 

The large deer herd supported by FMPC landholdings undoubtedly 

resulted from a high degree o f  habitat  interspersion, and good 

food q u a l i t y  and a v a i l a b i l i t y .  Mowed areas, c a t t l e  paths, and 

other disturbed areas a l s o  contributed t o  the q u a l i t y  of the 

range. 

The pine plantations on the FMPC received a great deal of 

use by deer during the course of  t h i s  study. Deer d e n s i t i e s  

were 3 times greater i n  pine than i n  other habitats studied.  

P P 1  was more important t o  deer than was PP2,  a s  indicated by a 

higher density  of t r a i l s  ( 3 . 2  v s .  2 . 3  trails/O.lkm t r a n s e c t )  and 

p e l l e t  groups ( 0 . 3 5  v s .  0 . 0 6  groups/plot); and by more frequent 

s i g h t i n g s  (Appendix A ) .  P P 1  is probably used heavily  during 

summer and winter because it provides a r e l a t i v e l y  s t a b l e  and 

buffered thermal microenvironment. Also ,  the narrow mowed 

s t r i p s  within PP1 serves a s  an important corridor f o r  resident 

and v i s i t i n g  deer on the FMPC. It is probable t h a t  PP2 does not 

receive  equal use because o f  i t s  r e l a t i v e l y  wider mowed s t r i p s ,  

more d i f f u s e  cover, and i n t e r n a l  l o c a t i o n .  Intensive management 
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The gray squirrel ( S .  carolinensis) time-area count 

described by Bouffard and Hein (1978) was adapted for use w i t h  

f o x  squirrels on the FMPC. Twelve temporary, semi-circular 

plots (0.001 km2) were established in three deciduous woodlots 

at least one day prior to censusing. A l l  plots were randomly 

chosen within prime habitat (Fig. 6). Riparian habitat could 

not be effectively sampled owing to topographical 

irregularities. Where feasible, two plots were sampled 

simultaneously. 

All squirrels observed inside plot boundaries within a 30-  

min sample period (following a 10-min habituation period) were 

recorded.Censusing was done in early July between 0830 and 1030 

hr. The weather was characterized by hazy skies and hot, humid 

conditions, and was similar during all counts. 

RESULTS 

An average of 0.25 (f0.13SE) squirrels per plot was 

observed, suggesting that the density in prime FMPC habitat is 

about 2SO squirrels/km2 (fl3OSE). Since this area constitutes 

about 60% of the 0.73 km2 deciduous forest/second growth 

vegetation, a total of 109 fox swirrels were estimated to have 

used the FMPC during July, 1986. This value excludes squirrels 

which utilized riparian habitat, but this error was expected to 



be s l i g h t ;  sightings of squirrels  i n  riparian h a b i t a t  were 

infrequent. 

About 20% ( 0 . 7 3  km2) of the vegetated portion of the %PC 

was considered t o  be usable fox s q u i r r e l  habitat;  of t h i s ,  6 5 %  

( 0 . 4 4 k m 2 )  was judged t o  be of high q u a l i t y .  

FMPC woodlots are too young t o  support many s q u i r r e l s .  

Observations of habitat  q u a l i t y  showed that woodlots i n  the 

northern 1 / 3  of the FMPC support the highest squirrel  d e n s i t i e s  

The majority of  

SUMMARY AND DISCUSSION 

A summary o f  game w i l d l i f e  census r e s u l t s  obtained a t  the 

FMPC during the summer of  1 9 8 6  i s  presented i n  Table 3 2 .  Deer 

populations a t  FMPC were "low" i n  1 9 8 1  ( B a t t e l l e  1 9 8 1 ) .  The 

density of deer a t  the FMPC during summer, 1 9 8 6 ,  ( 3 8 / k m 2 )  was 

similar t o  t h a t  reported f o r  chestnut oak habitat  i n  

Pennsylvania and within the range of other estimates ( 2 3  t o  2 7 6 /  

km2) summarized by Bennett e t  a l .  (1940).  Deer population 

density  on t h e  FMPC was, however, considerably lower than that 

(115/km2) reported f o r  an enclosed NASA f a c i l i t y  i n  northern 

Ohio, and f o r  winter populations a t  Hueston Woods State Park 

(262/30km transect;  La Gory and Taylor 1984).  Without knowing 

what mlwa represented i n  the B a t t e l l e  ( 1 9 8 1 )  study, it i s  

impossible t o  compare the s i z e  o f  the herd a t  present w i t h  that 

of 1981. 

The FMPC quail density  i n  summer (68/km2) was w i t h i n  ranges 

reported from other regions ( 6 6  t o  200/km2 i n  Iowa and 5 8  t o  

210/km2 i n  Wiscondn, Errington 1 9 3 4 ) ;  however, the estimate was 



well below q u a i l  d e n s i t i e s  on F.aRaged l ands  ( 2 8 2  to 1 5 9 1 i k m Z  ir. 

I l l i n o i s ,  E l l i s  e t  a l .  1 9 6 9 ;  1 9 1  t o  572/krn2 i n  Wisconsin and 

829/km2 i n  Iowa, Er r ington  1934) .  

Fox squi r re l  d e n s i t y  a t  t h e  FMPC (250/km2) was w i t h i n  t h e  

range repor ted  f o r  eastern gray s q u i r r e l s  ( 2 4 1  t o  542/km2) b y  

Bouffard and Hein (1978). 

Dens i t i e s  of deer and q u a i l  a p p e a r e d s o  be high owing 

t o  t h e  a v a i l a b i l i t y  of q u a l i t y  cover and food r e sources .  These 

species were a l s o  numerous because o u t s i d e  human pe r tu rba t ion  

was s l i g h t  a t  t h e  FMPC. Fox s q u i r r e l s  were not  p a r t i c u l a r l y  

abundant, however t h i s  pauc i ty  undoubtedly ref lects  marginal 

habi ta t  q u a l i t y .  

C o t t o n t a i l  rabbits (Sylvflagus f l o r f d a n u s )  were a dominant 

game spec ie s  a t  t h e  FMPC, both i n  terms of numbers and 

d i s t r i b u t i o n .  T h i s  s p e c i e s  i s  important as a valued game animal 

and as a f i r s t - o r d e r  consumer. S igh t ings  and i n d i c a t i o n s  of 

some game, fur -bear ing  and important non-game w i l d l i f e  spec ie s  

were mapped; t h e y  are presented  i n  F i g u r e  7 .  

T-TXIDD Iuoo XIDAMGILRXD SPILCLLS 

No. federally endangered p l a n t  or  animal species were 

observed on the E'MPC dur ing  t h e  summer of 1986. However, two 

b i r d s  were recorded onsi te  t h a t  appear on t h e  "Rare Species  of 

Native Ohio W i l d  Animalsn l ist  (DNAP-ODNR 1982) .  A nor the rn  

harrier (Cfrcus cyaneus) was s i g h t e d  f l y i n g  over t he  UGP i n  m i d -  

June,1986. S ince  t h e  bird was only  observed once, it w a s  



presumed t o  be e i t h e r  a l a t e  m i g r s t i n g  i n d i v i d u a l  ( h a z r l e r  

n i g r a t i o n  usual ly  occurs i.? Ohio from l a t e  March t o  l a t e  Agril; 

Trautman and  Trautman 1968), a b i r d  t h a t  was nes t ing  o f f s i z e ,  

a n  unmated ind iv idua l .  The northern h a r r i e r  i s  l i s t e d  as  a 

spec ies  which occas iona l ly  nes t s  i n  t h e  Cincinnat i  a rea  (CNC 

19781, a s  an uncommon summer res ident  i n  nearby Hueston Woods 

S t a t e  Park (Osborne and Smallwood 19821, and a s  an endangered 

breeder  i n  Ohio (DNAP-ODNR 1982). 

A Cooper's hawk (Accipiter cooperii) was s ighted  seven 

times i n  J u l y  a t  t h e  FMPC. A female observed on four  occasions 

along t h e  southern boundary of PP1 was bel ieved t o  be using t h e  

p ines  a s  a hunting a r e a .  Along Paddy's Run j u s t  north of RN2, a 

Cooper's hawk was observed d iv ing  i n t o  a covey of f l edg l ing  

bobwhite q u a i l .  Addi t ional  s igh t ings  were "f lyovers"  i n  RFAP 

and W 1 .  Thus, t h e  Cooper's hawk may have been breeding o n s i t e ,  

or a t  l e a s t  w a s , u t i l i t i n g  h a b i t a t s  w i t h i n  t h e  boundaries of t he  

FMPC. 

breeder i n  t h e  Cinc inna t i  area (CNC 19781, a non-breeder i n  

The Cooper's hawk is l is ted a s  an uncommon b u t  regular  

Hueston Woods (Osborne and Smallwood 19821, and a threatened 

breeder in Ohio (DNAP-ODNR 1982). 

tlpIROIOIIILOTAL 000ULATIOI GINITICS 

The a b i l i t y  of a spec ie s  t o  survive and adapt t o  changing 

environmental  condi t ions  may be increased by it possessing a 

g r e a t e r  pool of g e n e t i c  v a r i a b i l i t y  t h a t  can respond t o  varying 

s e l e c t i o n  fo rces .  Under n a t u r a l  condi t ions (e.9, absence of 



anthropogenic i n f l u e n c e ) ,  the a l l e l i c  frequencies of a 

~ o p u l a t i o n  should f luctuate  w i t h  t i n e  according t o  scochassic 

and environmental s e l e c t i o n  pressures while maintaining a 

certain l e v e l  of genetic  v a r i a b i l i t y .  However, severe 

perturbations, such a s  pollution,  may reduce genetic  v a r i a b i l i z y  

of populations and thereby increase t h e i r  s u s c e p t i b i l i t y  t o  the 

e f f e c t s  of  further environmental changes. 

d i v e r s i t y  may, therefore, weaken the s t a b i l i t y  of the species  

(Thorpe and Koonce 1 9 8 1 ,  Allendorf and Leary 1986). The 

technique most commonly used t o  quantify genetic  structure i n  

populations employs electrophoretic  a n a l y s i s  of s e l e c t e d  enzymes 

t o  determine a l l e l e  and genotype frequencies for s p e c i f i c  gene 

The l o s s  of genetic  

l o c i .  

populations and t o  compare the genetic  d i v e r s i t y  among 

populations. 

These data are used t o  describe the g e n e t i c  structure of 

The importance of genetic  variation t o  animal populations 

for surviving environmental changes is evidenced by s e v e r a l  

s t u d i e s .  

changes i n  thermal environments produced by heated discharges.  

Allozyme frequencies i n  mummichog minnows (Mitton and Koehn 

1 9 7 5 )  and in largemouth bass ( S m i t h  e t  a l .  1983) varied between 

population8 inhabit ing a r t i f i c i a l l y  heated waters and those of 

natural  temperatures. I n t e r e s t i n g l y ,  the frequencies of  

allozymes i n  largemouth bass from heated waters returned t o  

frequencies o f  reference populations 10 years a f t e r  the 

cessation o f  thermal s t r e s s  (Smith e t  a l .  1 9 8 3 )  Therefore, the 

p l a s t i c i t y  of  enzyme formation, maintained by g e n e t i c  d i v e r s i t y ,  

Enzyme polymorphism may allow for adaptation t o  



may increase the chance of S u r v i v a l  for a species by allowing 

f o r  a d a p t a t i o n  t o  man-induced environmental changes. 

Genetic d i v e r s i t y  may a l s o  be an important mechanism for 

adaptation to t o x i c  e f f e c t s  of environmental contaminants. 

D i f f e r e n t i a l  tolerance t o  mercury was linked t o  varying 

genotypes of an enzyme i n  shrimp (Nevo e t  a l .  1 9 8 1 ) .  Similarly,  

enzyme polymorphism i n  marine invertebrates may allow for 

adaptations t o  the t o x i c  e f f e c t s  of copper and zinc (Lavie and 

Nevo 1 9 8 2 ) ,  as well  as detergents and crude oi l -surfactant  

mixtures (Lavie e t  a l .  1 9 8 4 ) .  The genetic  d i v e r s i t y  of a 

population may, therefore, moderate the t o x i c  e f f e c t s  of 

p o l l u t a n t s  and provide a mechanism of s u r v i v a l .  

Loss of genetic  v a r i a b i l i t y  has become a major concern t o  

s c i e n t i s t s ,  with many species displaying low l e v e l s  of 

d i v e r s i t y .  A continuum of v u l n e r a b i l i t y  t o  loss of genetic  

resources e x i s t s  for f i s h e s  due i n  part t o  human a c t i v i t i e s  such 

as f i s h i n g  and p o l l u t i o n  (Thorpe and Koonce 1 9 8 1 ) .  S t r i t t h o l t  

e t  al. ( 1 9 8 8 )  have suggested that  t h e  reduction in abundance of 

yellow perch i n  Lake Erie could be p a r t l y  due t o  low genetic  

v a r i a b i l i t y  r e s u l t i n g  from t h e  t o x i c  e f f e c t s  of  pollutants.  A 

l o s s  of raproductive f i t n e s s ,  slower development rates  and 

decreased resistance t o  disease might result from genetic  

uniformity (Allendorf and Leary 1 9 8 6 ) .  Maintaining genetic  

. d i v e r s i t y  is,  therefore, essential t o  t h e  survival  of  f i s h  

populations. 

To maintain allozyme d i v e r s i t y  we need t o  monitor genetic  

structure i n  aquatic populations t h a t  are exposed t o  risks of 
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environmental stress. Assessments of genetic structcze 

(allozyme diversity) may provide a Sensitive end-point f o r  the 

effects of environmental stressors (e.g. pollutants) on 

biological systems. Therefore, analyses of genetic structure 

may act as a sensitive biological indicator of the health of 

aquatic populations. 

Allozyme variation has been linked to several environmental 

stressors. Studies have shown how allele frequencies in fishes 

can be influenced by heat stress (Smith et a1 1983) and in 

marine invertebrates by organic contaminants (Lavie et al. 1984, 

Nevo et al. 1986) and heavy metals (Lavie and Nevo 1982, 1986, 

Nevo et al. 1986). Genotypes and a l l e l e s  of malate 

dehydrogenase (MDH) , glucose phosphate isomerase (GPI) and 
phosphoglucomutase (PGM) in marine invertebrates were sensitive 

to organic and inorganic pollutants (Lavie and Nevo 1982, 1986, 

Lavie et al. 1984, Nevo et al. 1981, 1986). Recent studies in 

our laboratory (Gillaspie and Guttman 1989; Chagnon and Guttman 

1989) support a relationship between the effects of contaminants 

and allozyme frequencies of fishes. 

radiation on allotyme genotypes have not yet been studied, 

radiation is a mutagen and increased heterozygosity might result 

from excessive exposure (Anderson and Harrison 1986). 

Although the effects of 

We examined the genetic structure of a diversity of plant 

and animal populations to determine whether there are stress 

induced differences among onsite and offsite populations. 



STUDY SITES 

Ta ra xa cum o f f  i cina 1 e 

Samples of 20 common dandelions (Taraxacum officinale) were  

obtained from J u l y  t o  September 1986 a t  each of 13 s i t e s  ( F i g .  

8) a t  the FMPC. Samples 1, 5 ,  9, and 10 were c o l l e c t e d  from 

mowed pastures, samples 2 ,  3 ,  and 4 from grazed pastures, 

samples 6, 7 ,  8 ,  and 13 from mowed, lawn-like areas, and samples 

11 and 12 from the waste p i t  area.  Samples 2 and 3 were from 

the extreme western boundary of the FMPC. Sample 14 was an 

o f f s i t e  population c o l l e c t e d  from a mowed lawn i n  Peffer  Park, 

Oxford, Ohio. 

Dandelions were c o l l e c t e d  randomly along transects  where 

p o s s i b l e  ( 1 ,  2, 4 ,  5, 7 ,  11, 1 2 ) .  Only undamaged leaves 

(2/plant)  were taken leaving t h e  r e s t  of the plant i n t a c t .  The 

leaves were immediately placed i n  Ziploc bags on i c e  for  

transport t o  Miami University and stored a t  So C f o r  no more 

than 48 h prior t o  electrophoresis.  

Asclepias syriaca 

Samples of 20 milkweed (Asclepfas syrfaca, 2 leaves/plant)  

were c o l l e c t e d  from four s i t e s  a t  t h e  FMPC ( F i g .  8 )  i n  September 

1 9 8 6 .  

sample B was collected on the southwest edge of an uncovered f l y  

ash p i l e ,  sample C was c o l l e c t e d  on t h e  west side of  Paddy's Run 

Road i n  an o l d - f i e l d  and sample D was c o l l e c t e d  I n  t h e  north 

pine plantation among the pine trees. Sample E, an o f f s i t e  

population, was c o l l e c t e d  from a young-field i n  Hueston Woods 

-le A was obtained from a soil-covered f l y  ash p i l e ,  



near Oxford, Ohio. Collection and storage were as above foz 55.0 

dandelions. In some areas however, the milkweed plants occurred 

in isolated clumps which made collecting from transects 

impossible. 

In May 1986, 60 spring peeper (Hyla cruci fer )  tadpoles were 

collected from an ephemeral pond, surrounded by mowed grass, 

within the Waste Pit Storage Area about 400m southeast of the 

waste pits (Fig. 8). Fifty American toad ( B u f o  amer icanus)  

tadpoles were taken from a small, concrete-lined pool beneath a 

metal oil tank immediately south of the north pine plantation 

(Fig. 8). An offsite population of B. amerfcanus was sampled 

from the marsh area at the base of the Acton Lake Dam in Hueston 

Woods State Park near Oxford, Ohio. All tadpoles were in the 

same stage of development. 

Tadpoles were transported live to Miami University and 

maintained, individually frozen at -700 C, until electrophoretic 

processing in November 1986. 

ELECTROBEORETIC METHODS 

Dandelion and milkweed leaves were homogenized manually in 

buffer [O .20M Tris HCl (pH 8.01,  0.5% sodium metabisulfite, 

0.5% tetrasodium EDTA, 0.01M MgC12; final pH 7 . 5 1  and then 

frozen at-700 C until electrophoretic processing 12 h later. 

Tadpoles were homogenized mechanically with 0.25M sucrose 

2% 2-phenoxyethanol buffer, then centrifuged at 20,000 g at So C 



f o r  6 m i n .  The supernatant was then stored a t  -70° C u ~ z i l  2 ~ 3 .  

All tadpoles were electrophoresed w i t h i n  3 weeks of 

homogenization. 

Loci analyzed and buffers  used are d e t a i l e d  for each taxcr. 

in Table 3 3 .  Gels fo r  plant samples were 1 5 %  Sigma starch 

(Karlin and Guttman 1981); tadpoles were examined using the sase 

starch concentration except for the LiOH system which was made 

w i t h  13% Sigma starch.  

Histochemical procedures followed Harris and Hopkinson 

( 1 9 7 6 )  and Selander e t  a l .  ( 1 9 7 1 ) .  After  the g e l s  were stained, 

the genotypic composition of  each sample a t  each locus was 

determined and recorded. Genotypic data (Asclepias, B u f o ,  Hyla) 

were analyzed using the BIOSYS-I computer program (Swofford and 

Selander 1 9 8 1 ) .  A l l e l e  frequencies, deviation from expected 

proportions assuming Hardy-Weinberg equilibrium conditions, 

amount of  genetic  variation,  s i m i l a r i t y  matrices and chi-square 

contingency t e s t s  for interpopulation heterogeneity were 

performed. When expected numbers of a l l e l e s  i n  a sample o r  

expected genotypic c l a s s e s  were’rare, rare a l l e l e s  or  uncommon 

genotypic classes were pooled. Taraxacum data were analyzed as 

a l l e l e  frequency data using BIOSYS-I. Since Taraxacum has been 

reported t o  reproduce asexually,  principal  component analyses 

(SYSTAT; Systat ,  I n c . )  were u t i l i z e d  t o  determine whether clones 

e x i s t  and t o  estimate clonal d i v e r s i t y  w i t h i n  our population 

samples. 

Throughout our analyses of genetic  data we have assumed 

t h a t  the populations studied are i n  Hardy-Weinberg equilibrium. 
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The Hardy-Weinberg theorem staces  t h a t  i f  p G p U L a t i 9 R . s  are l a z ; ~ ,  

m a t i n g  i s  random, and migration, mutation and natxra: selecclc. :  

do c o t  occur, then gene frequencies and genotype r a t i o s  in 

popuiations reach an equilibrium i n  one generation and remain 

constant thereafter;  under t h i s  theorem evolution does not 

occur. However, evolution does occur i f  these gene frequencies 

and genotypic r a t i o s  are disturbed by new mutations, a s s o r t a t i v e  

mating, natural s e l e c t i o n  o r  genetic  d r i f t .  Thus, i n  population 

genetic  studies,  observed gene and genotypic proportions are 

compared w i t h  those proportions expected under conditions of 

Hardy-Weinberg equilibrium. We compared deviations from values 

expected under Hardy-Weinberg equilibrium conditions i n  FMPC and 

o f f s i t e  populations and determined whether deviations were 

s i g n i f i c a n t l y  d i f f e r e n t  among t h e  sampled populations. 

Therefore, the genetic  structure of FMPC populations sampled i s  

not only compared w i t h  a t h e o r e t i c a l  population b u t  i s  a l s o  

compared w i t h  a c t u a l  o f f s i t e  populations. 

Expected genotypic proportions and heterozygosity were 

c a l c u l a t e d  from observed a l l e l e  patterns.  

Weinberg theorem, l e t  the three a l l e l e s  a, b, c have gene 

frequencies p, q, and r where p + q + r = 1. Then the expected 

genotypic frequencies a f t e r  one generation o f  random mating are 

given by the binomial expansion ( p  + q + rI2. 

expected genotypic frequencies times the sample S i z e  Yields  the 

expected genotypic proportions. 

a l l e l e s  are  heterozygous; s w i n g  expected heterozygosity  for  

(Using the Hardy- 

Multiplying the 

Individual genotypes w i t h  two 
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each locus and dividing by the number o f  individuals in E k e  

sample yields the expected heterozygosity f o r  the popuiation.) 

RESULTS 

Asclepias syriaca - milkweed 
Three of the nine loci examined ( G P I ,  MDH, NP) were 

invariant in the five samples analyzed. Number-of alleles 

present at the polymorphic loci ranged from two ( G D H )  to six 

(DIA). Allele frequencies are presented in Table 34. 

Genetic variability data from milkweed populations provide 

insight concerning population patterning (Table 35). Allelic 

diversity (mean number of alleles/locus) is high, ranging 

between 1.7-2.2, with between 33% and 67% of the loci examined 

polymorphic within a single population sample. In contrast, 

mean heterozygosity is considerably lower than expected in all 

samples. These data indicate that deficiencies of heterozygotes 

exist in population samples; tests for conformation of genotypic 

distribution to expected proportions under Hardy-Weinberg 

equilibrium conditions (Table 36)  support genetic variability 

data. 

Contingency chi-square analyses of heterogeneity were 

performed between each pairwise combination of populations 

(Table 3 7 ) #  among E'MPC populations (Table 38) and between a 

combined E'MPC sample and the Hueston Woods outgroup (Table 3 8 ) .  

Significant heterogeneity does not occur among pairwise samples 

at the 6PGD or SOD loci; GDH and ACP heterogeneity exist in 30% 

and 50% of the comparisons, respectively (Table 37). In 



contrast, homogeneity 1s the exception a t  the LAP and CIA l o c i ,  

occurring in only 10% of the comparisons. Identical l o c i  ( A C ? ,  

DIA, LA?) confer the same degree of heterogeneity (p  I 0.01) i?. 

comparisons among the FMPC samples and between a combiced FYPC 

sample and the offsite sample (Table 38). 

Taraxacum officinale - common dandelion 
Three (MDH, PGM-1, NP) of the 14 electrophoretic loci 

analyzed in the 14 dandelion collections were monomorphic. 

Number of alleles present at the polymorphic loci ranged from 

two (CAT, DIA-2, G6PD, GPI-2) to six (DIA-1). Allele 

frequencies are presented in Table 39. 

Population patterning in dandelions cannot be directly 

compared with that in milkweeds because in southwestern Ohio the 

former taxon is present as a triploid apomict. Actual allelic 

diversity in the triploid parallels that found in Asclepias, the 

mean number of alleles/locus ranging from 1.6-2.4 (Table 401, 

with between 35.7% and 78.6% of the 14 loci polymorphic within a 

single sample. The apomictic nature of Taraxacum precludes 

calculation of expected heterozygosity data as well as 

conformation of population genotypic proportions to that 

expected under conditions of Hardy-Weinberg equilibrium since 

both statistics are based on assumptions of random mating. 

Direct-count mean heterozygosity is high (Table 401 ,  ranging 

from 0.08 to 0.29. 

Principal component analysis of Taraxacum populations (Fig. 

9) demonstrates a general lack of clonal population structure. 

6' 



In two samples, no two individuals were electrophoretically 

identical (Table 41); other samples each had from one to three 

instances with two or three individuals sharing genotypes. 

Sample 10, from the north side of the abandoned incinerator site 

(located near the sewage treatment plant), was unusuai; three 

groups of electrophoretically identical individuals existed and 

one of these groups comprised half of the 20 dandelions sampled 

(Table 4 2 ) .  

Bufo americanus - American toad 
Sixty per cent of the 20 loci were variable (Table 43) in 

the toad populations sampled. The AAT locus, with four alleles, 

demonstrated the greatest allelic diversity. A major allele 

frequency,shift occurred between populations at the FMPC and 

Hueston Woods sites at one locus (PGM-1). Contingency chi- 

square analyses demonstrated significant heterogeneity between 

the populations at five of the eight variable loci (p 5 0.01: 

EST-1, GPI, PGM-1; pS0.05: ICD-2, LDH-2) examined in both 

populations. Genetic variability parameters were similar in the 

two toad samples (Table 44). 
1 

Hyla crucffer - spring peeper 
Six of the 11 loci sampled in H. crucifer were variable 

(Table 43). Maximal variation was present at the EST and LDH-1 

loci, each of which had four alleles. Genotypic proportions at 

two loci (LDH-1 and. 6PGD) deviated significantly (p S 0.01) from 

expected under Hardy-Weinberg equilibrium conditions. These 
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deviations were due to heterozygote deficiencies with all 

heterozygous genotypes being under-represented at 6PGD and 5 0 %  

being below expectations at LDH-1. However, the mean number of 

alleles per locus and mean heterozygosity over all loci were 

high (2.1 and 19.8%, respectively), with direct-count 

heterozygosity not significantly different from expected. 

DISCUSSION 

Asclepias syriaca 

Sufficient samples of milkweeds from the FMPC site were 

analyzed to allow for heterogeneity determinations; these 

demonstrated that significant heterogeneity exists among 

population samples of A s c l e p i a s  onsite. The most divergent 

milkweed population was D, from the northeast mowed area. 

Pairwise comparisons between D and each of the other four 

samples were significantly different more often than with any 

other FMPC milkweed sample. In addition, A s c l e p i a s  collections 

C and D had the least variability (mean direct-count 

heterozygosity 4% and 7%, respectively) and their genotypic 

proportions were significantly different from expected under 

Hardy-Weinberg equilibrium conditions at all polymorphic loci. 

Heterozygosities in all FMPC A s c l e p i a s  samples were 

approximately half that expected and low for plant populations 

(Nevo 1978, Nevo et al. 1984); actual heterozygosity in 

population C was about 25% of expected. However, the offsite 

milkweed sample exhibited the same genetic properties present in 

most of the FMPC samples: significant deviations from expected 



proportions at half ( 2 )  the polymorphic loci, actual 

heterozygosity 505 of expected and not significantly different 

from FMPC samples. Contingency chi-square analyses demonstrated 

significant differentiation among the FMPC milkweed populations 

and between those and the offsite sample. Since only one 

milkweed population was collected at a sufficient distance from 

the site to insure that FMPC operations could not affect the 

sample, heterogeneity could not be measured between offsite 

samples. 

Taraxacum o f f i c i n a l e  

Solbrig and coworkers (reviewed by Solbrig and Solbrig 

1979) electrophoretically analyzed two loci in Taraxacum 

o f f i c i n a l e  populations in the vicinity of Ann Arbor, Michigan 

and noted three to four clones per site; clonal dominance varied 

with the type of habitat. Five enzyme loci were combined with 

seed color in a study of 22 populations of 2'. o f f i c i n a l e  from 

the western U. S. (Lyman and Ellstrand 1984); they found 47 

discernible clones among 518 individuals sampled with the number 

of clones per population ranging from 1-13. Our intent was to 

examine 14 loci in 13 dandelion populations from the FMPC and 

one from Oxford to determine whether FMPC operations affect 

clonal diversity. Our data suggest that diversity in Taraxacum 

o f f i c i n a l e  from the FMPC is generally high and not different 

from that in the Oxford sample. ' With one exception, we did not 

find evidence for clonal structuring of populations; the general 

pattern for the FMPC and offsite samples was extreme 
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intrapopulation heterogeneity. Few individuals within each 

population were electrophoretically identical; each individual 

with a unique combination of genotypes represents a distinct 

clone. Differences between our data and other studies of 

Taraxacum o f f i c i n a l e  (Lyman and Ellstrand 1984, Solbrig and 

Solbrig 1979) could be attributable to differences in analysis; 

we utilized 11 variable loci in contrast to their two loci. 

This increase in loci sampled resulted in a large change in the 

potential number of genotypic combinations that could be found 

in individual Taraxacum and other studies, by utilizing fewer 

loci may have grossly underestimated clonal diversity (Ellstrand 

and Roose 1987). However, Silander (1979, 1984) found extensive 

heterogeneity in the distribution of clones among subpopulations 

of salt marsh cord grass ( S p a r t i n a  p a t e n s ) .  Some subpopulations 

were dominated by a small number of large clones while other 

subpopulations were characterized by a large number of small 

clones with little overlap in genotypic composition. The latter 

S p a r t i n a  pattern describes that found in almost all Taraxacum 

populations that we studied. Silander (1984) noted greater 

genetic similarity within habitat types than between habitat 

types. C,hi-square contingency tests within and between 

subpopulation groups from dandelion habitat types yield similar 

data. 

Population 10, from the north side of the abandoned 

incinerator, was composed of one large clone including 50% of 

the individuals sampled and two smaller clones; the remaining 

30% of the individuals were each electrophoretically unique. 
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T h i s  i s  t h e  only sample showing reduced c lona l  d i v e r s i t y ;  mea3 

di rec t -count  heterozygosi ty  f o r  population 1 0  i s  lowest of all 

samples. Larger and more successfu l  clones were l e s s  

heterozygous than smaller  ones (S i lander  1984) .  Se l ec t ion  has 

been shown t o  r e s u l t  i n  decreased genet ic  (Nevo e t  a l .  1 9 7 8 ,  

1 9 8 4 ,  S t r i t t h o l t  e t  a l .  1988) and c lona l  d i v e r s i t y  (S i lander  

1984) .  Conditions a t  t h e  l oca t ion  of sample 10 may be a c t i n g  t o  

nega t ive ly  inf luence dandelion c lona l  d i v e r s i t y  w i t h  t h e  

dominant clone being t h e  h a r d i e s t .  Future inves t iga t ions  should 

determine whether t h e  reduct ions found i n  Taraxacum gene t i c  

v a r i a b i l i t y  a t  t h e  abandoned i n c i n e r a t o r  s i t e  e x t e n d  t o  o the r  

p l a n t  and animal taxa i n  t h e  a r e a  and t h e  c a u s e ( s )  f o r  t h e  

reduct  ion (s ) . 
S i n c e  t h i s  gene t i c  survey began i n  J u l y ,  samples of both 

p l a n t  t axa  were c o l l e c t e d  i n  t h e  middle t o  l a t e  po r t ions  of t h e  

growing season; t he re fo re ,  t h e  gene t i c  composition of samples 

may not be r ep resen ta t ive  of t h a t  present  e a r l y  i n  t h e  sp r ing .  

Seasonal and annual changes have been shown t o  occur i n  a l l e l i c  

and genotypic  f requencies .  

All si tes  sampled a t  t h e  FMPC were dis turbed e i ther  by a 

v a r i e t y  of land management procedures (e .g . ,  mowing, grazing)  

and/or  FMPC opera t ions .  D i f f e ren t  management procedures s e l e c t  

for a l t e r e d  genotypic combinations (Solbr ig  and So lb r ig  1 9 7 9 )  ; 

byproducts from manufacturing processes  (heavy metals,  

o rganics )  a l s o  d i f f e r e n t i a l l y  e l imina te  c e r t a i n  a l l e l e s  and 

a l t e r  g e n e t i c  v a r i a t i o n  ( S t r i t t h o l t  e t  a l .  1988) .  Contingency 

chi-square analyses  documented s i g n i f i c a n t  frequency d i f f e rences  

lob 
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between A s c l e p i a s  or Taraxacum populations from different 

habitats as well as among populations within a habitat type. 

Offsite samples for each taxon differed significantly from the 

FMPC samples but the former populations were also from managed 

sites. 

Bufo a m e r i c a n u s  

Marked differences in allele frequency existed between the 

two toad populations; 62.5% of the variable loci examined in 

both samples were significantly different. The habitats 

occupied by the two B u f o  populations were also extremely 

different. 

Woods State Park is occasionally ephemeral but usually contains 

water until at least mid-summer. 

FMPC is ephemeral and probably dries up during any xeric 

interval. 

brown in color and metal flakes were on the pool bottom. 

water also had an oily film on the surface. 

The marsh at the base of Acton Lake Dam in Hueston 

The concrete-lined pool at the 

In addition, the water in the FMPC pool was rusty- 

The 

Anurans, especially toads (Christein and Taylor 1978, 

Christein et al. 19791, have been shown to exhibit fidelity to 

their natal site when they mature and commence reproduction. 

Selection for. both early oviposition and rapid development must 

be intense in the FMPC pool. Studies (Place and Powers 1979, 

Allendorf et al. 1983) have demonstrated that different alleles 

at certain enzyme loci (LDH and PGM, respectively) differ in 

their effect on growth of fish. Some of the allelic changes 

between the two sites may be due to this selection. Heavy 



metals have been shown t o  i n h i b i t  c e r t a i n  a l l e l e s  of g l y c o l y t i c  

enzyme l o c i  ( r e c e n t l y  reviewed by S t r i t t h o l t  e t  a l .  1988). Nevo 

e t  a l .  ( 1 9 7 8 )  demonstrated organic p o l l u t i o n  se l ec t ion  of 

allozyme polymorphisms. Tadpoles can be r a i s e d  under con t ro l l ed  

labora tory  o r  f i e l d  condi t ions and exposed t o  heavy metals,  

organics ,  xeric condi t ions o r  o the r  va r i ab le s ;  t h e  e f f e c t s  of 

t hese  va r i ab le s  on genotypic composition can  r ead i ly  be 

determined. 

Heterozygosity was equal and high i n  t h e  two samples. B u f o  

amer icanus  i s  g e n e t i c a l l y  one of t h e  most v a r i a b l e  d i p l o i d  

v e r t e b r a t e  taxa  (Guttman 1975; Guttman 1985) and t h e  populat ions 

examined possessed g r e a t e r  than average v a r i a b i l i t y  f o r  t h e  

spec ie s .  

Toads were observed c a l l i n g  from, and depos i t ing  eggs a t ,  

t h e  Hyla c r u c i f e r  sample s i t e  (see Fig .  1) but  B u f o  t adpoles  

could not be found a t  t h i s  s i te .  

Hyla c r u c i f e r  

Only  one sp r ing  peeper sample was obtained.  Genet ical ly  

t h i s  sample is unusual f o r  s eve ra l  reasons.  F i r s t ,  d i rect-count  

mean he terozygos i ty  and mean number of a l l e l e s  per  locus a r e  

extremely high; t h e  only Hyla w i t h  a higher  reported 

heterozygosi ty  i s  a t e t r a p l o i d  (Guttman 1985) .  Second, G P I  i s  

unusual i n  t h a t  one of t h e  a l l e l e s  ( G P I C )  is a n u l l  ( i n a c t i v e  

under assay  c o n d i t i o n s ) .  N u l l  a l l e l e s  have been i d e n t i f i e d  a t  

g l y c o l y t i c  enzyme l o c i  ( e . g . ,  GGPD d e f i c i e n c i e s )  i n  human 

populat ions (Spiess  1 9 7 7 )  and these  are o f t e n  assoc ia ted  w i t h  
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d i s e a s e .  Guttman ( 1 9 8 5 )  r ecen t ly  reviewed t h e  l i t e r a t u r e  on 

biochemical sys temat ics  and population gene t i c s  of frogs and 

toads and d id  not f i n d  any ins tance  of a n u l l  a l l e l e  a t  a 

g l y c o l y t i c  enzyme locus .  U n t i l  o f f s i t e  samples of sp r ing  

peepers can be examined it i s  not poss ib l e  t o  d e t e r m i n e  whether 

t h e  n u l l  a l l e l e  o r i g i n a t e d  i n  t r e e f r o g s  from t h e  waste p i t  a r e a  

and/or i s  r e s t r i c t e d  t o  t h a t  populat ion.  

Amphibian tadpoles  were c o l l e c t e d  i n  May a f t e r  they  were 

observed during a t o u r  of t h e  FMPC. Since  t h e  s t u d y  d i d  not 

formally commence u n t i l  J u l y  and f rogs  and toads  f requent ing  

ephemeral bodies of water metamorphose by June,  w e  were unable 

t o  obta in  a d d i t i o n a l  populat ions t o  compare t o  t h e  spa r se  number 

o n s i t e  and o f f s i t e .  The l a t e  s t a r t i n g  d a t e  of t h e  s tudy 

precluded determining poss ib l e  reasons f o r  t he  lack  of Bufo 

t adpoles  i n  the waste p i t  ephemeral pond and whether t h e r e  was 

s e l e c t i v e  e l imina t ion  of c e r t a i n  genotypes dur ing  t h e  

development of a toad  o r  sp r ing  peeper cohor t .  

S-Y AND CONCLUSIONS 

The terrestr ia l  b i o t a  is  descr ibed,  q u a n t i f i e d ,  and mapped 

f o r  6 major h a b i t a t  types represent ing  3 6 4 . 5  ha within t h e  

confines  of t h e  FMPC. The h a b i t a t  types sampled, and t h e  

percentage of t h e  t o t a l  FMPC a r e a  represented  by each, were 

ungrazed pas tu re s  ( 3 0 % ) ,  grazed p a s t u r e s '  ( 2 5 % ) ,  woodlots ( 2 0 % ) ,  

r i p a r i a n  ( 1 2 % ) ,  p ine  p l an t ings  (11%) and reclaimed f l y  ash p i l e s  

( 2 % ) .  Eleven permanent l i n e  t r a n s e c t s  were e s t a b l i s h e d  and a l l  



t e r r e s t r i a l  f l o r a  and fauna were sampled i n  r e l a t i o n  t o  t?  1 ese 

t r a n s e c t s .  Three f i s h  sampling s i t e s  i n  Paddy's Run, which 

courses north t o  south near the  western border of t h e  f a c i l i t y ,  

were e s t ab l i shed ,  marked, and mapped. Biota of t h e  production 

a rea  was not sampled. Populations of American toads,  spr ing  

peepers ,  m i l k w e e d  and dandelions were sampled from o n s i t e  and 

o f f s i t e  l oca t ions  t o  eva lua te  poss ib le  d i f f e rences  i n  gene t ic  

s t r u c t u r e .  Appendix A, Catalogue of Species o f - t h e  FMPC (under 

sepa ra t e  cove r ) ,  includes es t imates  of r e l a t i v e  abundance f o r  98 

spec ies  of herbaceous p l an t s ,  4 6  spec ies  of t r e e s  and s h r u b s ,  

127 f ami l i e s  of t e r r e s t r i a l  i n s e c t s  and arthropods,  13 spec ies  

of f i s h ,  10 spec ies  of amphibians and r e p t i l e s ,  83 species  of 

b i r d s  and 8 mammalian spec ies  i n  each h a b i t a t  type. Thus ,  a 

t o t a l  of 385 t axa  (more than 41,000 organisms) were i d e n t i f i e d  

and recorded during summer, 1 9 8 6 .  Forty-four percent of t hese  

w e r e  t e r r e s t r i a l  ar thropods.  The FMPC f a c i l i t y  d i d  not support  

any f e d e r a l l y  l is ted rare o r  endangered spec ies ;  however, a 

northern h a r r i e r  and a Cooper's hawk were recorded o n s i t e .  Both 

appear on the l i s t  of r a r e  spec ies  i n  Ohio. 

T h e  3 pas tu re  h a b i t a t s  (55% of t h e  s t u d y  a r e a ) ,  were t h e  

s imples t  in terms of b i o t i c  r i c h n e s s  and d i v e r s i t y  and were most 

s i m i l a r  t o  each o the r  w i t h  respect  t o  herbaceous vege ta t ion .  

T h e  2 discont inuous p ine  p l a n t a t i o n s  a l s o  had s i m i l a r  herbaceous 

and avian spec ies  composition d e s p i t e  t h e i r  being dominated by 

d i f f e r e n t  t ree  spec ie s .  

predominantly wh i t e  p ine  while Austrian pine was dominant i n  t h e  

southern s tand .  These s tands  were l e a s t  d ive r se  w i t h  respect  t o  

The northern pine s tands  were 



woody vegeta t ion  ( H '  = 0.975 and 0.998, r e s p e c t i v e l y ) ,  and were 

a l s o  t h e  most dense of  the-  h a b i t a t s  s t u d i e d .  T h e y  supported t:?e 

highes t  number of deer  of any h a b i t a t  type .  

W e  found 98 herbaceous spec ie s  r ep resen t ing  38 fami l ies  

on t h e  FMPC. The major i ty  of si tes within FMPC boundaries a re  

i n  var ious  s t a g e s  of succession from pas turage  and orchard  u s e .  

Regarding herbaceous vegetat ion,  woodlot 3 and t h e  r i p a r i a n  

habi ta t s  are most l i k e  mature woodlands common t o  southwestern 

Ohio. 

Compared t o  an o f f s i t e  re ference  area, FMPC woodlots 

contained 32-43% fewer herbaceous spec ie s .  Severa l  p l a n t  

spec ie s  were expected but  missing (or presen t  i n  extremely low 

abundance) from FMPC h a b i t a t s .  In  add i t ion ,  several t a x a  common 

t o  d i s t u r b e d  and success iona l  h a b i t a t s  were absent  or rare from 

obviously success iona l  FMPC habi ta ts .  O f  a l l  herbaceous spec ie s  

p re sen t ,  50% were considered rare i n  occurrence i n  our  sample. 

Thir ty-four  species of trees were found on t h e  FMPC, bu t  

less than  h a l f  t h i s  number (16)  were found t o  be p resen t  as 

sap l ings .  Only along t h e  nor thern  s e c t i o n  of Paddy's Run and  i n  

woodlot 3 was t h i s  r a t i o  exceeded. The absence of common 

dominant species such as t h e  t u l i p  t ree  and American beech i s  

no tab le .  

r e s t r i a l  Art- 

Treehoppers were p resen t  i n  only h a l f  of t h e  areas sampled, 

and low i n  number ( 1 . 9 - 1 7 . 4 / 1 0 0 0  sweeps) where p r e s e n t .  W e  a l s o  



found low numbers of Lepidoptera and some Coleoptera. Carabids 

were absent from all areas and cicindellids were present only in 

the southern riparian area. Low numbers of jumping spiders, 

crab spiders, and orb weavers were found in the pasture 

habitats. 

riparian communities. In addition, while collecting 

grasshoppers for biochemical analysis, one of the authors (CFF) 

Similar patterns were not observed in the pine and 

noted a significant difference in community structure between 

grasshopper communities found near boundary air sampling 

stations 2 and 3 .  

Fish 

As Paddy's Run was dry from the K-65 storage area to a 

point below the Willey Road bridge, only 3 sites upstream of the 

waste pit area could be sampled. A total of 2590 fish 

representing 13 species were collected. Ten species were 

collected at the two most upstream sites (sites 1 and 2) whereas 

only 8 were found at site 3 .  The number of species present at 

site 1 was enhanced by sampling both pool and riffle. Dominant 

species at the 3 sites were the stoneroller, creek chub, and 

bluntnose minnow (sites 1,2,and 3, respectively), but creek chub 

density was greatest (1. 43/m2) when considering the total catch. 

Densities at each site were probably inflated by the large 

number of juveniles (<20 mm total length) collected. Based on 

this survey, the ichthyofauna in Paddy's Run appears to be 

fairly diverse, but a more extensive survey is required before 

the piscine community in the stream may be fully characterized. 

I l a -  
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A systematic method of censusing this faunal group was not 

employed during the summer of 1986. Only anecdotal sightings 

were recorded and presented in Appendix A, Catalogue of Species 

of the FMPC. 

We found 83 species of birds on site. Eleven species, 

normally present in similar habitat types, were absent from the 

FMPC. Perhaps the most notable of these was the common 

nighthawk. Nine of the species actually present on site were 

expected in higher numbers. Nine of the 11 missing species, and 

6 of those which were expected in higher numbers, were 

insectivores, predominantly foliage gleaners. 

Several unusual or unexpected species were observed 

including the savannah sparrow which has been listed only as an 

uncommon migrant in the southwestern corner of the state. This 

species appears to be replacing the grasshopper sparrow in some 

FMPC habitats. - 
Small mammal populations on FMPC pasture lands seemed to be 

extremely low in numbers. During 360 trap-nights, none were 

caught in the southeast pasture and only one meadow vole was 

captured in each of the other pastures sampled. The most 

ubiquitous small mammal on the FMPC, present in 8 of the 11 

sampling areas, was an insectivore, the short-tailed shrew. 

Other than an immature cottontail, shrews were the only 



mammalian s p e c i e s  c a u g h t  i n  t h e  r e c l a i m e d  f l y  ash p i l e  h a b i t a t .  

O v e r a l l ,  t h e  woodland w h i t e - f o o t e d  mouse w a s  t h e  most numerous 

sma l l  mammal on t h e  FMPC. I n  t h o s e  a r e a s  where p r e s e n t  ( 6  of 11 

sampl ing  a r e a s ) ,  4 7  i n d i v i d u a l s  were c a u g h t ;  an  a v e r a g e  of 

n e a r l y . 2 . 1 8  a n i m a l s  p e r  100  t r a p  n i g h t s  ( r ange= l . l l / lOOTN i n  RN2 

t o  3.89/100TN i n  Wl). The meadow jumping mouse (1 i n d i v i d u a l  i n  

each r i p a r i a n  area) a n d  t h e  e a s t e r n  chipmunk (a  s i n g l e  

i n d i v i d u a l  i n  Wl) were least  numerous. N o  house  mice were 

c a p t u r e d  on t h e  FMPC. 

Q u a i l ,  white-tailed deer a n d  squirrel p o p u l a t i o n s  o n s i t e  

were c e n s u s e d  u s i n g  a v a r i e t y  of methods. G e n e r a l l y ,  such  

p o p u l a t i o n s  appeared t o  be h e a l t h y  and  p r e s e n t  i n  good numbers.  

One hundred  f o r t y - t w o  quail  and  18 deer were estimated t o  have 

b e e n  p r e s e n t  on t h e  FMPC i n  November, 1986.  Approximate ly  1 0 9  

s q u i r r e l s  were p r e s e n t  i n  J u l y ,  1986; a d e n s i t y  of 250/km2. 

C o t t o n t a i l  rabbi ts  were n o t  censused  due  t o  t i m e  c o n s t r a i n t s .  

N o  f e d e r a l l y  l i s t e d  t h r e a t e n e d  o r  endange red  s p e c i e s  were 

found  on t h e  FMPC. 

Four  o rgan i sms  were chosen  f o r  s t u d y :  common d a n d e l i o n s ,  

m i l k w e e d ,  s p r i n g  p e e p e r s  a n d  American toads. With t h e  e x c e p t i o n  

of s p r i n g  peepers, which were collected from a n  o n s i t e  l o c a t i o n  

o n l y ,  both o n s i t e  a n d  o f f s i t e  samples  were collected f o r  



comparison. The number of enzyme systems analyzed ranged from 9 

for milkweed t o  1 2  f o r  t he  toad.  Genotypic da ta  f o r  milkweed, 

toads and peepers were analyzed t o  determine a l l e l e  f requencies ,  

devia t ion  from Hardy-Weinberg equi l ibr ium condi t ions ,  amount of 

gene t i c  v a r i a t i o n  and in te rpopula t ion  he te rogenei ty .  Since 

dandelions have been reported t o  reproduce asexual ly ,  dandel ion 

da ta  were analyzed a s  a l l e l e  frequency da ta  only and p r i n c i p a l  

component a n a l y s i s  was used t o  detect t h e  number of c lones 

w i t h i n  each sub-population. 

T h i r t y - t h r e e  t o  67% of milkweed l o c i  examined were 

polymorphic w i t h  1 . 7 - 2 . 2  a l l e l e s  per  locus,  depending on t h e  

populat ion.  Heterozygosity was lower than expected i n  a l l  

popula t ions .  T h i s  may have been due t o  la te  season sampling 

a f t e r  s e l e c t i o n  had a l ready  occurred.  

Only  3 of 1 4  l o c i  examined i n  dandel ions were monomorphic, 

and 2 t o  6 a l l e l e s  were present  a t  t h e  polymorphic l o c i .  Clonal 

d i v e r s i t y  w a s  much g r e a t e r  than expected. O f  20 p l a n t s  examined 

from a populat ion loca ted  i n  t h e  northwest corner  of t h e  s i t e ,  

none were i d e n t i c a l .  From a s i t e  near t h e  o l d  i n c i n e r a t o r ,  

however, 10 of 20 p l a n t s  were i d e n t i c a l .  W e  may have found 

g r e a t e r  c l o n a l  d i v e r s i t y  than has previously been repor ted  due 

t o  t h e  f a c t  t h a t  w e  examined 11 va r i ab le  l o c i  compared t o  only 

2-6 examined by e a r l i e r  workers. The p l a n t s  from near t h e  

i n c i n e r a t o r  also showed reduced he terozygos i ty .  Condi t ions a t  

t h a t  l oca t ion  may be a c t i n g  a s  a s e l e c t i v e  agent,  t h e  dominant 

c lone being t h e  m o s t  hardy. 



Whereas t h e  2 toad  populations were s i g n i f i c a n t l y  d i f f e r e z t  

a t  over 6 2 %  of t h e  l o c i  examined, t h e r e  were major s i t e  

d i f f e r e n c e s  a s  wel l .  The r e l a t i v e  uncer ta in ty  of t he  presence 

of water i n  t h e  FMPC pool where the  tadpoles  were c o l l e c t e d  may 

have ac ted  t o  s e l e c t  f o r  e a r l y  ovipos i t ion  and development i n  

t h e  o f f sp r ing  of toads which breed t h e r e .  There was no 

d i f f e rence  i n  heterozygosi ty  of t h e  2 samples, and both 

possessed g r e a t e r  than average v a r i a b i l i t y  f o r  t h e  spec ie s .  

Spring peepers c o l l e c t e d  from t h e  FMPC had extremely h i g h  

mean heterozygosi ty  ( 0 . 2 0  by d i r ec t - coun t ) .  Only  one o ther  

spec ie s  of Hyla, a t e t r a p l o i d ,  i s  known t o  be h igher .  The mean 

number of a l l e l e s  per  l o c u s  de tec ted  ( 2 . 1 )  was a l s o  higher than 

expected. A n u l l  a l l e l e  was found a t  t h e  GPI locus .  Although 

sometimes found i n  human populations (usua l ly  a s soc ia t ed  w i t h  

d i s e a s e s ) ,  t h i s  is  the  f irst  reported ins tance  of a n u l l  a l l e l e  

a t  a g l y c o l y t i c  enzyme locus i n  amphibians. The pool from which 

t h e  sp r ing  peeper tadpoles  were co l l ec t ed  contained seve ra l  

breeding p a i r s  of American toads p r i o r  t o  our sampling e f f o r t .  

Eggs of t h i s  spec ies  were seen a s  w e l l ,  but when w e  sampled 

sp r ing  peeper tadpoles  we were unable t o  f i n d  Bufo  t adpoles .  

T h i s  may be i n d i c a t i v e  of d i f f e r e n t i a l  mor t a l i t y  between the  two 

spec ie s  due t o  Some unknown environmental f a c t o r  assoc ia ted  w i t h  

t h a t  l oca t ion  (near t h e  waste p i t s ) .  

GENERAL CONCLUSIONS 

Many of t h e  phenomena observed during summer, 1986,  a r e  

i n d i c a t i v e  of environmental stress, but  t h e  cause(s1 cannot be 
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determined w i t h  t h e  information p r e s e n t l y  a v a i l a b l e .  As noted 

i n  t h e  sect ions of t h i s  r epor t  which d e a l  w i t h  FMPC avi fauna ,  

h a b i t a t  manipulation may have been t h e  major cause of t h e  

dev ia t ions  observed. The summer of 1 9 8 6  was d rye r  than usua l  

and probably stressed some popula t ions .  Drought cond i t ions  were 

p a r t i c u l a r l y  s t ress fu l  on a q u a t i c  b i o t a .  

Severa l  groups of organisms were sampled r e l a t i v e l y  l a t e  i n  

t h e  year a f t e r  n a t u r a l  s e l e c t i v e  f o r c e s  had an oppor tun i ty  t o  

work ,  t h u s  some of our  samples may not have been t r u l y  

r e p r e s e n t a t i v e  of t h e  populat ions from whence t h e y  came. In  

add i t ion ,  without adequate c o n t r o l s  f o r  comparison, it w a s ,  and  

w i l l  con t inue  t o  be, impossible t o  a s s i g n  probable  cause. Even 

when r e fe rence  popula t ions  were a v a i l a b l e ,  as  i n  t h e  case of t h e  

popula t ion  g e n e t i c s  s t u d i e s ,  r e s u l t s  were not  t o t a l l y  clear,  and 

may have been inf luenced  by n a t u r a l  factors  ( e .g . ,  t h e  

p r e d i c t a b i l i t y  of water i n  toad  breeding ponds) .  
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Figure 1. Locations o f  the permanent transects established 
and a i r  monitoring stations(A1 a t  the FMPC. UGPIungrazed 
pasture; GPIgrazed pasture; PP=pine plantation; 
RFAP-reclaimed fly ash p i l e ;  W=woodlot; RN-riparian. 
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Figure 2 .  F i s h  sampling s i t e s  on Paddy's Run. 
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Figure 3. 
bobwhite quail censuses at the FMPC during J u l y ,  1986. 

Location of the 14 call-count stations used i n  
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Figure 4 .  
quail h a b i t a t  a t  the  FMPC during July, 1986.  Q u a l i t y  codes 
a r e :  llpoor; ll-fair; l l l=good;  1V-excellent.  

D i s tr ibut ion  and q u a l i t y  of breeding bobwhite 

/a c 
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Figure 5. 
trail count method f o r  censusing white-tailed deer at the 
FMPC during June, 1986. 

Locations o f  13 temporary transects used in the 
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Figure 6. Locations of 12 semi-circular, temporary plots 
used in the time-area count technique f o r  censusing fox 
squirrels at the FMPC during July, 1986. 
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Figuro 7 .  8.w m- utd hporkrrt aop-gun rpeoios obror*od or idontifiod 
by indirect o r i d e m  (hob, fooos, *to.) during mmaor, 1986, at  t& FtQC. 
Coder: C = coyote, by sat; 0 = w h i t e - t a i h d  deer individxmlsight- 
iagr (altbopgh ad indioatd, group sight- war. f r o w n t ) ;  ? I rod fox with 
dons idoatifiod; 8 - gro-; 0 I groat bo& owl; R I rawoon; r I oottontail 
rabbit (lndie&or a?'.. of tr-nt sight-. 
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Figure 8 .  Locations o f  FMPC sample s i t e s  f o r  dandelions (1- 
13), milkweeds (A-D),  toad tadpoles ( s o l i d  c i r c l e ) ,  and 
spring peeper tadpoles ( s o l i d  square).  
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Figure 9. Patterns from principal component analysis of selected 
dandelion populations demonstrating atypical reduction in clonal 
diversity (population lo), ail unique individuals (population 2) and 
three multi-individual clones, each composed of three individuals 
(population 3). Letters represent individual dandelion plants (clones); 
numbers (to a maximum of 9 representing 9 or more) indicate the 
frequency of occurrence of dandelion plants with identical genotypes in 
a population. 
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Table 1.  Distribution of the permanent transects and area of the habitats 
sampled at FMPC. 

HABITAT TYPE NO. OF TRANSECTS AREA (ha) o/o OF TOTAL 

Ungrazed Pasture 
Grazed Pasture 
Woodlots / Sec. Growth 
Riparian 
Pine Plantations 
Reclaimed Fly Ash Pile 

TOTALS 11 

108.7 29.8 
93 .O 25.5 
72.5 19.9 
42.9 11.8 
40.1 11.0 

7.3 2.0 

364.5 100.0 



Table 2. Descript ions of t he  t r a n s e c t s  e s t a b l i s h e d  a t  the  ::GZ. 

T3ANSECT CODE MAP S T m T I N G  2 0 I N T  X;3 
NAME COORDINATES~ DESCRIPTION 

Ungrated 
Pas ture  

Grazed 
Pas ture  1 

Grazed 
Pas ture  2 

Woodlot 1 

Woodlot 2 

Woodlot 3 

UGP CCO 1/20 8 190° S and 22 m from a i r  
sampler 2. 2000 SSW for 6 : O  
m .  

GP-1 229/X22 307O NW from a i r  sampler 4 
f o r  93 m .  343O NW f o r  600 m. 

GP-2 C08/F16 148O SE and 82 m from fence 
pos t  next t o  " O f f i c i a l  
Bus iness"  s ign  north of RR 
t r a c k s .  161O SSE f o r  600 m. 

w-1 R03/L05 2430 WSW and 28 m from a i r  
sampler 1. Westerly f o r  600 
m. 

w-2 Q07/107 360° N and 52.6 m from 
sprayed corner fencepos t .  
2700 f o r  600 m .  

w-3 F07/F03 44O NE and 7 0 . 5  m from 
sprayed cement s l a b  below 
RR br idge  on Paddy's Run t o  
l a r g e  oak on e a s t  bank, then 
78O EN€ f o r  47.2 m .  North 
f o r  400 m, e a s t  f o r  5 5  m, 
sou th  f o r  85 m, and e a s t  f o r  
50 m. 

Ripar ian 1 RN-1 E09/H15 2030 SSW and 61 m from west 
foundation of RR t r a c k s ,  
Paddy's Run. South 
(downstream) f o r  600 m .  

Ripar ian 2 RN-2 M32/527 33 m from beneath cen te r  of 
Wi l l ey  Road br idge near 
l a r g e  e l m  on e a s t  bank of 
Paddy's Run. North 
(upstream) f o r  600 m .  



T 2A77 s 2 c T c: 7E YLw S T A8 T I XG ? G I N T .2: 3 
NX.3 COGXDINATES1 DiSC3I7713N 

Pine P lan ta t ion  PP-1  
N o .  1 

S t r i p  a 

S t r i p  b 

S t r i p  c 

S t r i p  d 

P i n e  P l a n t a t i o n  PP-2 
N o .  2 

S t r i p  a 

S t r i p  b 

S t r i p  c 

S t r i p  d 

S06/U06 F i r s t  mowed s t r i p  from S 
border,  6 1  m from w e s t e r n  
border  road.  93O 2. f o r  150  
m .  

X 0 5 / V 0 5  Third mowed s t r i p  from socth 
border ,  5 5  m from e a s t e r n  
border  road.  270° W f o r  
150 m .  

S04/U04 F i f t h  mowed s t r i p  from s o u t h  
border ,  5 5  m from w e s t e r n  
border  road. 9 4 0  for 150 m. 

Z04/X04 S i x t h  mowed s t r i p  from s o u t h  
border ,  4 1  m from e a s t e r n  
border  road. 2 7 0 0  W f o r  
150 m .  

024/M24 

K23/M23 

K2 1/M2 1 

K20/M20 

Second mowed s t r i p  from 
south border ,  30 m from 
eastern border  road. 270° w 
f o r  150 m .  

S i x t h  mowed s t r i p  
border ,  2 9  m from 
border  road.  900 
m. 

Ninth mowed s t r i p  
border,  50 m from 
border  road. 960  
m. 

from s o u t h  
w e s t e r n  
E f o r  150 

from s o u t h  
w e s t e r n  
E f o r  150 

Eleventh mowed s t r i p  from 
south border,  57  m from 
western border  road. 90° E 
f o r  150 m. 
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TRANSECT CODE L W  STA2TING 20TNT A\; 
NAME COORD INATES DESCRIPTION 

Reclaimed RFAP 
F l y  Ash P i l e  

S t r i p  a 

S t r i p  b 

S t r i p  c 

N27/M27 154 m SW from i n t e r s e c t i o n  
of f l y  ash road and road t o  
K-65 t anks .  1 3  m a t  2 9 0 0  
from w e s t  edge of f l y  ash 
road. 2 9 0 0  NNW f o r  78 in. 

027/M26 104 m from same 
i n t e r s e c t i o n ,  9 m a t  2 9 0 0  
from w e s t  edge of f l y  ash 
road. 290° NNW .for 110 m. 

026 /L25  5 4  m from same i n t e r s e c t i o n ,  
17 m a t  290° from w e s t  edge 
of f l y  ash road. 2900 NNW 
f o r  212  m .  

S t a r t i n g  coordinate  followed by ending coordinate  (see Fig .  1) . 
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Table 4. Community similarity indices for herbaceous vegetation of the FMPC, summer. 1986 

Similarity UB e 1  PP1 RFAP W1 w1 w2 RN1 
Index' vs vs vs vs vs vs vs vs vs 

G f l  GF2 Gp2 PP2 w1 w2 w3 w3 RW 

Jaccard 
Coefficient 0.545 0.526 0.423 0.312 0.234 0.511 0.476 0.418 0.384 

Coefficient 
of Similarity 0.705 0.689 0.594 0.476 0.379 0.676 0.645 0.590 0.555 

Percent 
Similarity 70.8 75.4 81.2 46.5 32.0 49.3 51.1 44.5 53.7 

Morisita's 
Index 0.956 0.968 0.992 0.820 0.524 0.828 0.863 0.714 1.062 

Indices calculated from percent relative cover (Table 3). 



Table 5. Community parameters for herbaceous vegetation of the F MPC, 
summer, 1986. 

Species Simpson Simpson Shannon Pielou 
HABITAT Richness Diversity Dominance Diversity' Evenness 

(R) (D) (C) (H') (J') 

UGP 
GP1 
GP2 
RFAP 
PP1 
PP2 
W1 
w 2  
w 3  
RN1 
RN2 

22 
13 
16 
29 
37 
30 
38 
39 
33 
37 
43 

0.51 0 
0.654 
0.495 
0.836 
0.904 
0.81 9 
0.930 
0.931 
0.926 
0.897 
0.920 

0.490 
0.346 
0.505 
0.164 
0.096 
0.1 81 
0.070 
0.068 
0.074 
0.103 
0.072 

1.918 
2.149 
1.822 
3.198 
4.008 
3.309 
4.256 
4.349 
4.225 
3.981 
4.441 

0.430 
0.581 
0.455 
0.658 
0.769 
0.674 
0.81 1 
0.823 
0.830 
0.764 
0.81 8 
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Table 6. Percent frequency of occurrence of trees in the wooded habitats at the 
m. 

SPEC I ES PPI PP2 RFAP W1 W2 W3 RN1 RN2 

white pine 
Austrian pine 
eastern red cedar 
black willow 
eastern cottonwood 
black walnut 
shellbark hickory 
shagbark hickory 
bitternut hickory 
mockernut hickory 
chestnut oak 
chinquapin oak 
northern red oak 
shingle oak 
swamp white oak 
American elm 
slippery elm 
hackberry 
Osage-orange 
American sycamore 
black cherry 
hawthorn sp. 
redbud 
Kentucky coffeetree 
honey locust 
black locust 
sugar maple 
red maple 
silver maple 
boxelder 
Ohio buckeye 
common persimmon 
white ash 
honeysuckle sp. 

71 
43 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

43 0 
57 0 
0 0 
0 0 
0 50 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 75 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 , 25 
0 0 
0 0 
0 25 
0 0 
0 0 
0 0 
0 25 
0 0 
0 0 
0 0 
0 0 

0 
0 

33 
0 

17 
17 
83 
0 
0 
0 

33 
0 

50 
50 
0 

83 
17 
67 
0 
0 

67 
0 
0 
0 

17 
17 
0 
0 

17 
17 
0 

17 
33 
17 

0 
0 
0 
0 
0 
0 
-0 
0 
0 
0 
0 
0 
0 
0 
0 

03 
0 

17 
0 

33 
33 

0 
0 
0 
0 
0 

17 
17 
17 
50 
0 
0 

100 
0 

0 
0 
0 
0 
0 

50 
0 
0 

17 
17 
17 
0 

17 
0 
0 

100 
67 
33 
0 
0 

17 
0 
0 

17 
0 
0 

67 
0 
0 

50 
50 
0 

33 
0 

0 0 
0 0 
0 0 

17 0 
83 17 
50 67 
0 0 

17 0 
33 0 

0 0 
0 0 

17 0 
0 0 

17 0 
0 17 

50 100 
50 50 
67 67 
33 . 0 
50 
17 
33 
0 
0 

50 
0 

17 
0 
0 

67 
0 
0 

17 
0 

33 
0 
0 
0 
0 

17 
17 
0 
0 

17 
100 
33 

0 
17 

0 
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Table 7. Importance percentages of trees in the wooded habitats at the FMPC.' 

TRANSECT 

SPECIES PPI PP2 RFAP W1 W2 W3 RNl R N 2  

white pine 
Austrian pine 
eastern red cedar 
black w i llow 
eastern cottonwood 
black w al n ut 
shellbark hickory 
shag bark hickory 
bitternut hickory 
mockern u t hickory 
chestnut oak 
chinquapin oak 
northern red oak 
shingle oak 
swamp white oak 
American elm 
slippery elm 
hackberry 
osageorange 
American sycamore 
black cherry 
hawthorn sp. 
redbud 
Kentucky coff eetree 
honey locust 
black locust 
sugar maple 
red maple 
silver maple 
boxelder 
ohbbudceye 
common persimmon 
white ash 
honeysudde sp. 

TOTAL 

58.9 
41.1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

49.9 0.0 0.0 0.0 0.0 0.0 0.0 
50.1 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 2.5 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 1.6 0.0 
0.0 35.6 3.6 0.0 0.0 20.4 3.8 
0.0 0.0 1.4 0.0 11.2 6.6 11.3 
0.0 0.0 16.3 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 2.0 0.0 
0.0 0.0 0.0 0.0 3.6 3.3 0.0 
0.0 0.0 0.0 0.0 1.4 0.0 0.0 
0.0 0.0 6.1 0.0 2.5 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 1.5 0.0 
0.0 0.0 11.9 0.0 1.8 0.0 0.0 
0.0 0.0 8.5 0.0 0.0 2.1 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 2.6 
0.0 19.0 10.3 18.1 10.9 8.2 16.8 
0.0 0.0 1.2 0.0 6.6 5.0 6.6 
0.0 0.0 9.0 3.4 3.7 16.5 8.9 
0.0 0.0 0.0 0.0 0.0 4.5 0.0 
0.0 0.0 0.0 19.2 0.0 4.4 9.8 
0.0 0.0 6.2 4.7 2.0 1.1 0.0 
0.0 0.0 0.0 0.0 0.0 2.8 0.0 
0.0 5.9 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 1.4 0.0 0.0 
0.0 0.0 1.3 0.0 0.0 3.6 1.4 
0.0 34.0 6.9 0.0 0.0 0.0 4.4 
0.0 0.0 0.0 2.4 19.4 2.7 0.0 
0.0 0.0 0.0 1.9 0.0 0.0 0.0 
0.0 0.0 4.0 4.4 0.0 0.0 1.4 
0.0 5.4 1.8 14.0 20.7 9.4 21.9 
0.0 0.0 0.0 0.0 11.2 0.0 9.7 
0.0 0.0 1.3 0.0 0.0 0.0 0.0 
0.0 0.0 5.4 31.8 3.6 4.6 1.3 
0.0 0.0 2.3 0.0 0.0 0.0 0.0 

99.9 100.0 99.9 100.0 99.9 100.0 100.3 99.9 

'Values are based on relative frequency, relative density, and relative 
dominance. 
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Table 8. Tree species richness, diversity, and dominance in each habitat.' 

Species Simpson Simpson Shannon Pielou 
Richness D iversi ty Dominance Diversity Evenness 

HABITAT (R) (0) (C) (H') (J') 

PP1 
PP2 
RFAP 
w1 
w2 
w3 
RN1 
RN2 

2 
2 
5 
18 
9 
14 
18 
13 

0.483 
0.499 
0.671 
0.897 
0.789 
0.844 
0.871 
0.853 

0.51 7 0.975 
0.501 0.998 
0.329 1.869 
0.103 3.533 
0.21 1 2.474 
0.1 56 3.054 
0.129 3.401 
0.147 3.025 

0.975 
0.980 
0.723 
0.847 
0.781 
0.802 
0.81 6 
0.81 8 

*Diversity values were calculated using log base 2. 



Table 9, Percent frequency Of Occurrence of shrubs in the deciduous habitats 
at the FMPC. 

TRANSECTS 

SPECIES RFAP W1 w2 w3 RN1 RN2 

sawbrier 
black walnut 
bitternut hickory 
shellbark hickory 
chestnut oak 
swamp white oak 
american elm 
slippery elm 
hackberry 
black cherry 
hawthorn sp. 
multiflora rose 
prairie rose 
blackberry 
black raspberry 
burning bush 
poison ivy 
sugar maple 
silver maple 
black maple 
boxelder 
Ohio buckeye 
grape vine 
Virginia creeper 
roughleaf dogwood 
white ash 
trumpet creeper 
honeysuckle sp. 

0 
0 
0 
0 
0 
0 
0 
0 
17 
17 
0 
0 
17 
0 
0 
17 
50 
0 
0 
0 

33 
0 
0 
0 
0 
0 
0 
17 

0 
17 
0 
50 
0 
0 
17 
17 
17 
17 
0 

83 
0 

50 
17 
0 

33 
17 
0 
0 
17 
0 

33 
17 
67 
50 
50 
03 

0 
0 
0 
0 
0 
0 

50 
0 
0 

33 
0 
67 
0 
17 
17 
0 
17 
0 
17 
0 
50 
0 
50 
17 
50 
0 
0 
17 

0 
17 
33 
0 
17 
0 
17 
17 
17 
17 
0 
0 
0 
0 
0 
0 
0 
67 
0 
0 
0 

50 
33 
33 
17 
17 
0 
0 

17 17 
50 0 
17 17 
0 0 
0 0 
17 17 
33 33 
17 0 
50 17 
17 0 
17 0 
17 0 
0 0 
17 0 
0 0 
17 17 
50 17 
17 0 
0 0 
0 17 
50 50 
0 17 

33 33 
17 17 
17 0 
33 33 
17 0 
17 17 
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Table 10. Shrub species richness, diversity and dominance in each deciduous 
habitat at the FMPC. 

Species Simpson Simpson Shannon Pielou 
HABITAT Richness Diversity Dominance Diversity' Evenness 

(R) (0) (C) (HI) (J') 

RFAP 6 0.570 0.430 1.615 0.575 
w1 18 0.729 0.272 2.687 0.645 
w2 12 0. a33 0.167 2.858 0.797 
w3 13 0.804 0.169 2.885 0.758 
RN1 21 0.822 0.178 3.1 00 0.705 
RN2 14 0.838 0.162 3.1 60 0.809 

'Diversity values were calculated using the log base 2. 



a 9 1  
11 1 

Table 1 1 .  Shrub community similarity between habitats with similar 
vegetative structure. 

RFAP W1 w2 w1 RN1 
SlMllARllY INDEX vs . vs. vs . vs. vs. 

w2 w2 w3 W3 .RN2 

QUALITATIVE INDICES 
Jaccard Coefficient 0.266 0.578 0.250 0.476 0.521 

Coefficient of Similarity 0.421 0.733 0.400 0.645 0.685 

QUANTVATlVE INDCES 
Percent S i m i I ar i t y 10.1 58.7 13.6 13.2 66.4 

Morisita's Index 0.057 0.780 0.082 0.090 0.895 
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Table 12.. Tree densities (number per ha) in each of the wooded habitats at the FMPC. 

TRANSECT 

SPECIES pp1 PP2 RFAP W1 W2 W3 RN1 RN2 

white pine 
Austrian pine 
eastern red cedar 
black wi How 
eastern cottonwood 
black walnut 
shellbark hickory 
shag bark hickory 
bi tte rn u t hickory 
moc kern u t hickory 
chestnut oak 
chinquapin oak 
northern red oak 
shingle oak 
swamp white oak 
American elm 
slippery elm 
hackberry 
osageorange 
American sycamore 
black cherry 
hawthorn sp. 
redbud 
Kentucky coff eetfee 
honey locust 
black locust 
sugar maple 
red maple 
silver maple 
boxelder 
Ohio 
common persimmon 
white ash 
honeysudde sp. 

TcrrAL 

442.9 233.1 0.0 0.0 0.0 0.0 0.0 0.0 
305.7 256.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

748.6 

0.0 0.0 8.3 
0.0 0.0 0.0 
0.0 45.8 8.3 
0.0 0.0 4.2 
0.0 0.0 104.2 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 16.7 
0.0 0.0 0.0 
0.0 0.0 20.8 
0.0 0.0 50.0 
0.0 0.0 0.0 
0.0 80.8 54.2 
0.0 0.0 4.2 
0.0 0.0 62.5 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 29.2 
0.0 0.0 0.0 
0.0 4.2 . 0.0 
0.0 0.0 0.0 
0.0 0.0 4.2 
0.0 83.3 54.2 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 20.8 
0.0 4.2 4.2 
0.0 0.0 0.0 
0.0 0.0 4.2 
0.0 0.0 29.2 
0.0 0.0 8.3 

489.1 218.3 487.7 

0.0 ' 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

83.3 
0.0 

12.5 
0.0 

79.2 
12.5 
0.0 
0.0 
0.0 
0.0 
0.0 
8.3 
4.2 
8.3 

62.5 
0.0 
0.0 

137.5 
0.0 

408.3 

0 .o 
0.0 
0.0 

33.3 
0.0 
0.0 

29.2 
4.2 

12.5 
0.0 
4.2 
0.0 
0.0 

50.0 
25.0 
20.8 
0 .o 
0.0 
8.3 
0 .o 
0.0 
4.2 
0.0 
0.0 

133.3 
0.0 
0.0 

145.8 
62.5 
0.0 

16.7 
0.0 

550.0 

0.0 
8.3 

104.2 
20.8 

0.0 
12.5 
12.5 
0.0 
0.0 
4.2 
0.0 
8.3 
0.0 

87.5 
29.2 

183.3 
29.2 
25.0 
4.2 

20.8 
0.0 
0.0 

16.7 
0.0 

20.8 
0.0 
0.0 

100.0 
0.0 
0.0 

20.8 
0.0 

708.3 

0.0 
0.0 

16.7 
50.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.3 

112.5 
37.5 
58.3 
0.0 

20.8 
0.0 
0.0 
0.0 
0.0 
4.2 

25.0 
0.0 
0.0 
4.2 

150.0 
100.0 

0.0 
4.2 
0.0 

600.0 



Table 13. Tree community similarity between habitats with similar vegetative 
structure. 

PP1 RFAP W1 w 2  w1 RNl 

PP2 w2 w 2  w3 w3 RN2 
SlMllARrrY INDEX vs. vs . vs . vs . vs . vs. 

QUALITATIVE INDICES 
Jaccard Coefficient 1.000 0.166 0.285 0.352 0.391 0.409 

Coefficient of Similarity 1.000 0.285 0.444 0.521 0.562 0.580 

QUANTITATIVE INDICES 
Percent Similarity 91.0 23.5 29.6 36.3 28.2 48.9 

Morisita's Index 0.933 0.180 0.345 0.436 0.279 0.695 
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Table 14. Shrub density (number per ha) in each of the deciduous habitats at the FMPC 

TRANSECTS 

SPECIES RFAP w1 w2 w3 RN1 RN2 

sawbrier 
black walnut 
bitternut hickory 
shellbark hickory 
chestnut oak 
swamp white oak 
american elm 
slippery elm 
hackberry 
black cherry 
hawthorn sp. 
multiflora rose 
prairie rose 
blackberry 
black raspberry 
burning bush 
poison ivy 
sugar maple 
silver maple 
black maple 
boxelder 
Ohio buckeye 
grape vine 
Virginia creeper 
roughleaf dogwood 
white ash 
trumpet creeper 
honeysuckle sp. 

TOTAL 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

41.7 
41.7 

0.0 
0.0 

125.0 
0.0 
0.0 

250.0 
3375.0 

0.0 
0.0 
0.0 

333.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1458.3 

5625.0 

0.0 
41.7 
0.0 

208.3 
0.0 
0.0 

41.7 
41.7 
41.7 
83.3 
0.0 

1166.7 
0.0 

291.7 
83.3 
0.0 

41 6.7 
41.7 
0.0 
0.0 

41.7 
0.0 

291.7 
41.7 

3583.3 
166.7 
291.7 
500.0 

7375.3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

208.3 
0.0 
0.0 

291.7 
0.0 

625.0 
0.0 

833.3 
41.7 
0.0 

41.7 
0.0 

41.7 
' 0.0 
250.0 

0.0 
166.7 
41.7 

1000.0 
0.0 
0.0 

83.3 

3625.1 

0.0 
83.3 

208.3 
0.0 

41.7 
0.0 

83.3 
83.3 
41.7 
41.7 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1000.0 
0.0 
0.0 
0.0 

583.3 
208.3 
125.0 
83.3 
41.7 

0.0 
0.0 

2624.9 

41.7 
250.0 
41.7 
0.0 
0.0 

41.7 
250.0 
83.3 

875.0 
83.3 

125.0 
125.0 

0.0 
41.7 
0.0 

166.7 
2875.0 
416.7 

0.0 
0.0 

1 583.3 
0.0 

125.0 
41.7 
41.7 
83.3 

1125.0 
125.0 

8541.8 

208.3 
0.0 

41 $7 
0.0 
0.0 

83.3 
0.0 

125.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

83.3 
91 6.7 

0.0 
0.0 

41.7 
41 6.7 
83.3 

125.0 
41.7 
0.0 

166.7 
0.0 

41.7 

2458.4 

83.3 

p 



290 
1 1 5  

Table 15. Average canopy height and percent canopy cover of the deciduous 
habitats at the FMPC.' 

CANOPY CANOPY 

(m) (Yo) 
HABITAT HEIGHT COVER 

RFAP 12.5 f 10.1(4) 16f 12 (4) ' 

w1 19.1 f 2.5 (6) 68 f 8 (6) 

w2 17.9 f 1.7 (6) 57 f 15 (6) 

w3 24.1 f 1.9 (6) 84 f 3 (6) 

RN1 20.8 f 3.2 (6) 56 f 12 (6) 

R1\12 23.3 f 2.3 (6) 61 f 8 (6) 

Values are expressed as means f 1 SE; (N) = sample size. 
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Table 1 8 .  Catch data for  f i s h  c o l l e c t e d  from Paddy's run, S i t e  2 ,  
expressed as catch per unit  e f f o r t  and proportion o f  ca tch .  

Catch per un i t  e f f o r t  Proportion of 
( f i s h / 3 0  min) catch 

Species  
Pool Riffle Pool R i f f l e  

Creek chub 
Semotilus atromaculatus 

White sucker 
Catostomys conmrersoni 

S i l v e r  jaw minnow 
Eri cymba buccata 

Stonero l l er  minnow 
Campost o m  anomal um 

Bluntnose minnow 
Pimephales notatus 

Rosefin shiner  
Notropis ardens 

Blacknose dace 
Rhinichthyes a tra t ul us 

Johnny darter  
Etheost oma ni grum 

Orangethroat darter  
Etheos t o m  spect abil e 

Fanta i l  darter  
Etheos t o m  fl abed1 are 

Totals = 

123 

29 

26 

180 

108 

48 

0 

87 

34 

11 

64 6 

8 6  

0 

0 

94 

1 6  

1 

12 

2 

67 

65  

343 

0 . 1 9 0  

0 . 0 4 5  

0.040 

0 . 2 7 9  

0 . 1 6 7  

0 . 0 7 4  

0.000 

0.135 

0 . 0 5 3  

0 . 0 1 7  

1.000 

0 . 2 5 1  

0.000 

0.000 

0 . 2 7 4  

0 . 0 4 7  

0.003 

0 . 0 3 5  

0 . 0 0 6  

0 . 1 9 5  

0 . 1 9 0  

1.000 
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Table 1 9 .  C a t c h  data  f o r  f i s h  c o l l e c t e d  from P a d d y ' s  Run, S i t e  3 ,  
e x p r e s s e d  as c a t c h  p e r  u n i t  e f f o r t  a n d  p r o p o r t i o n  o f  c a t c h .  

C a t c h  p e r  u n i t  e f f o r t  P r o p o r t i o n  of  
( f i s h / 3 0  min)  c a t c h  

Pool R i f f l e  Pool R i f f l e  
S p e c i e s  

C r e e k  c h u b  
Semot il us atromaculat us 1 0 3  134 0.208 0 . 3 6 0  

Whi te  s u c k e r  
Catostomus commersoni 2 0 0.004 0 . 0 0 0  

S i l v e r j a w  minnow 
Eri cymba buccata 0 . 0 0 0  15 0 0.030 

S t o n e r o l l e r  minnow 
Campostoma anomal um 110 48 0.222 0 .129  

B l u n t n o s e  minnow 
Pimephales notatus 

R o s e f i n  s h i n e r  
Notropis ardens 

77 128 0 .156  0 .344  

107 1 0.216 0 . 0 0 3  

S t r i p e d  s h i n e r  
Notropis chrysocephal us 7 1 0 . 0 1 4  0 .003  

Johnny darter 
Etheostoma nigrum 

O r a n g e t h r o a t  darter 
Etheostoma spectabile 

F a n t a i l  darter 
Etheostoma flabel lere 

68 4 0.137 0 . 0 1 1  

4 1 8  0 .008  0 .048  

2 38 0.004 0.102 

1.000 I. 000 Totals - 4 95 372 
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Table 2 0 .  Catch da ta  for f i s h  col lecced from Paddy's R U ~ ,  SLce ;, 
expressed a s  catch per u n i t  e f f o r t  and proport ion of ca t ch .  

Catch per u n i t  e f f o r t  
( f i sh /30  m i n )  

Species 
Pool 

Proportion of 
catch 

Pool 

C r e e k  chub 
Semot i 1 us at romaculat us 235 0.321 

White sucker 
Ca t os t omys commerson i 

Silver jaw minnow 
Ericymba buccata 

Stone ro l l e r  minnow 
Campostoma anomalum 

Bluntnose minnow 
Pimephales notatus 

Rosefin sh ine r  
Notropis ardens 

Stee lco lo r  sh ine r  
Not ropi s wh fppl ei 

Johnny d a r t e r  
Etheostoma nigrwn 

12 

20 

4 

450 

1 

0.016 

0.027 

0 . 0 0 5  

0 . 6 1 4  

0.001 

2 0 . 0 0 3  

9 0.012 

Tota l s  = 733 1 . 0 0 0  
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T a b l e  2 1 .  D e n s i t y  of f i s h  i n  P a d d y ' s  Run, S i t e  2 .  
(Pool area = 8 1 . 1  square meters, r i f f l e  a r e a  = 3 8 . 6  square m e t e r s ) .  

D e n s i t y  
( f i s h / s q u a r e  meter) 

Pool R i f f l e  
S p e c i e s  

C r e e k  c h u b  
Semotilus atromaculatus 1 . 5 2  2.23 

White  s u c k e r  
Ca to s t omus commersoni 

Silverjaw minnow 
Eri cymba bucca t a 

S t o n e r o l l e r  minnow 
Campostoma anomal um 

B l u n t n o s e  minnow 
Pimephales notatus 

Rosef in  s h i n e r  
Notropis ardens 

B l a c k n o s e  dace 
Rhinichthyes atratul u s  

Johnny darter 
Etheostoma nigrum 

O r a n g e t h r o a t  darter 
Etheostoma spectabil e 

F a n t a i l  darter 
Etheostoma flabel lare  

0 . 3 6  0 . 0 0  

0 . 3 2  

2 . 2 2  

1 . 3 3  

0.59 

0.00 

1.07 

0 . 4 2  

0 . 1 4  

0 . 0 0  

2 . 4 4  

0 . 4 2  

0 . 0 3  

0.31 

0 . 0 5  

1.74 

1.68 

Total = 7.97 8 . 9 0  



Table 2 2 .  D e n s i t y  o f  f i s h  i n  Paddy's  Run, S i t e  3 .  
(Pool  area - 1 0 3 . 7  square meters, r i f f l e  a r e a  = 8 0 . 0  square 
m e t e r s ) .  

S p e c i e s  

Creek chub 
Semotilus atromaculatus 

D e n s i t y  
( f i s h / s q u a r e  meter )  

Pool Riff l e  

White sucker  
Catostomus commersoni 

S i l v e r j a w  minnow 
Eri cymba bucca t a 

S t o n e r o l l e r  minnow 
Campostoma anomalum 

Bluntnose  minnow 
Pimpephales notatus 

R o s e f i n  s h i n e r  
Notropis ardens 

S t r i p e d  s h i n e r  
Notropis ardens 

Johnny darter 
Etheostoma nigrum 

Oranget h r o a t  darter 
Etheostoma spectablle 

Fantai l  darter 
Etheost om f label 1 are 

Total - 

0.99 1 . 6 8  

0.02 

0.15 

1.06 

0 .74  

1.03 

0.07 

0.66 

0.04  

0.02 

4 . 7 8  

0.00 

0.00 

0.60 

1.60 

0.13 

0.01 

0 . 0 5  

0 . 2 3  

0 . 4 8  

4 . 7 8  



Table 2 3 .  Density of f i s h  in Paddy's r u n ,  S i t e  4 .  
(Pool 3 2 6 . 3  area = square me te r s ) .  

Density 
( fish/ square m e t  e r 1 

Species 
Pool 

Creek chub 
Semot i 1 us at romacul a t us 

White sucker 
Catostomus commersoni 

Silverjaw minnow 
Eri cymba bucca t a 

Stoneroller minnow 
Campostoma anomalum 

Bluntnose minnow 
Pimpephales notatus 

Rosefin shiner 
Notropis ardens 

Steelcolor shiner 
Notropis whippl ei 

Johnny darter 
Etheostoma nigrum 

Carp 
Cyprinus carpio 

Total = 

0.720 

0 . 3 7 0  

0.060 

0.010 

1.380 

0.003 

0.006 

0.030 

0.003 

2.582 



1 

Table  24. T o t a l  f i s h  c a t c h  d a t a  f o r  P a d d y ' s  Run. Mean c a t c h  pe r  u n r t  
e f f o r t  (CPUE) and mean d e n s i t y  c a l c u l a t e d  for 3 pools  and 2 r i f f l e s .  

Species 

Mean ( +  s.E.) 
P r o p o r t i o n  

N of  t o t a l  CP WE Densi ty  
c a t c h  (no.130 min) ( n o . / s q u a r e  meter) 

C r e e k  chub 
Semot  i l  u s  a t  romacul a t us 

White s u c k e r  
Catastoma comrnersoni 

S i l v e r  jaw minnow 
Ericymba commersoni 

S t o n e r o l l e r  minnow 
Campostoma anomal um 

Bluntnose  minnow 
Pimpephelas n o t a t u s  

R o s e f i n  s h i n e r  
N o t r o p i s  ardens 

Str iped s h i n e r  
N o t r o p i s  chrysocephal  u s  

S p o t f i n  s h i n e r  
Not t o p i s  s p i l  o p t e r u s  

Blacknose dace 
Rhini ch thys a t r a  t ul us 

681 0.260 

43 0.020 

61 0.020 

436 0.170 

779 0.300 

158 0.060 

8 0.003 

2 0.001 

12 0.005 

136.2 (26.0) 

8.6 (1.3) 

12.2 (5.3) 

87.2 (29.7) 

155.8 (75.9) 

31.6 (20.9) 

1.6 (3.0) 

0.4 (0.4) 

2.4 (2.4) 

1 . 4 3  ( 0 . 2 6 )  

0.08 (0.07) 

0.11 (0.06) 

1.27 (0.47) 

1.09 (0.22) 

0.33 (0.21) 

0.02 (0.01) 

0.001(0.001) 

0.06 (0.06) 

Johnny dar ter  
Etheostoma nigrum 170 0 . 0 7 0  34 .O (18.0) 0.46 (0.19) 

O r a n g e t h r o a t  dar ter  
Etheostoma s p e c t a b i l e  123 0 . 0 5 0  24.6 (12.2) 0.48 (0.32) 

Fantai l  darter 
Etheostoau flabellare 116 0.040 23.2 (12.5) 0.46 (0.32) 

Carp 
Cypr in  u s  carpi o 1 0.001 0.2 (0.2) 0.001(0.01) 

Total = 2590 1.000 518.0 5.792 
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Table 27. Avian species richness, diversity, and dominance in each habitat on the 
FMPC site.' 

Species Simpso n Simpson Shannon Pielou 
HABITAT Richness" Diversity Dominance Diversity Evenness 

(R) (D) (C) (H') (J') 

UGP 
GP1 
GP2 
RFAP 
PP1 
PP2 
w1  
w 2  
w3  
AN1 
RN2 

20 (29) 
18 (21) 
19 (25) 
30 (38) 
23 (37) 
26 (37) 
35 (47) 
35 (41) 
28 (41) 
54 (62) 
42 (64) 

0.788 
0.71 9 
0.698 
0.892 
0.845 
0.886 

0.880 
0.827 

0.920 

0.952 
0.948 

0.21 2 
0.281 
0.302 
0.108 
0.155 
0.1 14 
0.080 
0.120 
0.173 
0.048 
0.052 

1.715 
1.652 
1.584 
2.61 6 
2.1 56 
2.494 
2.886 
2.61 9 
2.393 
3.623 
3.486 

0.572 
0.571 
0.538 
0.769 
0.688 
0.765 
0.81 2 
0.737 
0.71 8 
0.908 
0.933 

~ ~ ~ _ _ _ _  

*Diversity values were based on sightings within the census plots and 
calculated using the natural log. 
"Richness values in ( ) include species that were detected outside the 
census plot or identified during casual observation. 



Table 28. Avian community similarity between areas with similar vegetation structure. 

uGP UGP GP1 RFAP RFAP PPi W i  W i  w2 RN1 

GP1 GP2 GP2 W2 PP2 PP2 W2 W 3 .  W3 AN2 
SlMllARlN INDEX 6. vs. vs. vs. vs. vs. vs. vs. vs. vs. 

QUALITATIVE INDICES: 
Jaccard Coefficient 0.619 0.619 0.600 0.500 0.427 0.548 0.627 0.574 0.615 0.636 

Quotient of Similarity 0.764 0.764 0.750 0.666 0.641 0.708 0.771 0.730 0.761 0.778 

QUANTITATIVE INDICES: 
Percent similarity 74.0 59.5 59.3 50.9 51.4 75.3 71.2 49.5 47.4 63.8 

Morisita's Index 0.950 0.755 0.821 0.563 0.672 0.927 0.900 0.673 0.739 0.771 

1 



Meadow jumping mouse 0 . 2 8  0 . 2 8  

Z a s t e r n  chfpmunk 0 . 2 8  

- - - - Zapus  h u d s o n i u s  - ( 0 . 8 )  ( * )  - - - 

Tamfus s t r i a t u s  ( 0 . 4 )  - - - - - - - - - - 

C o t t o n t a i l  r a b b i t  0 . 2 8  0 . 2 9  - - - - - - - - Syl v i 1  agus f 1 o r i d a n u s  - ( * )  ( * I  

( * ) u n a b l e  t o  c a l c u l a c e  d e n s i t y  due t o  number of an imals  c a u g h t  or t o  a p o s i t i v e  s l o p e .  A aasn 
i n d i c a t e s  t h e  s p e c i e s  was n o t  caught  i n  t h e  p a r t i c u l a r  h a b i t a t  sampled. S p e c i e s  e x p e c t e d  b u t  
n o t  found i n  any of t h e  h a b i t a t s  on t h e  FMPC. (e.9.. t h e  house  mouse, Mus muscu lus  ) ,  a r e  
t r e a t e d  i n  t h e  t e x t .  
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Table 30. Summary of modified call-count quail census data obtained 
from 7 separate counts during July, 1986, at FMPC. 

Total Mean Maximum 
Birds Birds Birds Habitat 

Station Counted Per Count Counted Rating 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12 
13 
14 

TOTALS 

3 
0 
0 
2 
2 
0 
9 
2 
3 
2 
3 
5 
5 
8 

44 

0.43 
0 
0 

0.29 
0.29 

0 
1.29 
0.29 
0.43 
0.29 
0.43 
0.71 
0.71 
1.14 

6.3 

1 
0 
0 
2 
2 
0 
2 
1 
1 
1 
1 
2 
2 
3 

10 

Ill 
I 
I 
II 
II 
I 

IV 
II 
Ill 
II 

111 
Ill 
111 
IV 

Note: Habitat rating based upon total number of birds observed 
at each station during 7 counts. Rating system used was 0 = I, 
1-2 = 11, 3-5 = 111, 6+ = IV. 



Table  3 1 .  R e s u l t s  of t h e  FXPC d e e r  herd c e n s u s  o b t a i n e d  dur ing  J u l y ,  1 9 8 6 ,  
w i t h  t r a i l - c o u n t  and p e l l e t - g r o u p  count methods. 

TRAIL COUNT METHOD 

Transect  No. T r a i l s  Mean No. Mean No. Deer/ 
Habit a t  Surveyed(m) Counted Deer/sq km Habi ta t  

Dec i duo u s  1800 1 9  4 . 6 7  (1.02) 5 . 2 6  ( 1 . 6 0 )  
Ripar ian  800 11 5 . 5 0  ( 0 . 5 0 )  3 . 9 8  ( 0 . 3 6 )  

33 11.00 ( 1 . 6 7 )  8 . 4 0  ( 1 . 4 5 )  P i n e  1200 

TOTALS 3800 63 2 1 . 1 7  ( 3 . 2 0 )  1 7 . 6 4  ( 3 . 4 1 )  

PELLET-GROUP COUNT 

Plots No. Groups Mean N o .  Mean No. Deer/ 
Habi ta t  Sampled Counted Groups/Plot  Deer/sq km Habi ta t  

PP 1 20  7 0 . 3 5 0  
PP2 17 1 0 . 0 5 9  

TOTALS 37 8 0 . 4 0 9  

30.99 '12 .43  
5 . 2 2  2 . 0 9  

36 .21  1 4 . 5 2  
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Table 3 2 .  Summary of game-wildlife h a b i t a t s  and population 
es t imates  determined during scnner, ;986 ,  a t  Fmc. 
Parenthe t ic  values a r e  1 SE of t he  es t imate .  

Species 
Area of FMPC 
Game Habitat  

km2 % *  

N using 
FMPC 

White-tailed deer  

Bobwhite q u a i l  

Fox s q u i r r e l  

1.6 

2 . 1  

0 . 4  

4 2 . 7  

5 7 . 3  

12.1 

17.6 ( 3 . 4 )  

1 4 2 . 2  

108.7 ( 5 6 . 5 )  

P e r c e n t  of a l l  FMPC vegetated a r e a .  * 

P 



Table 33. Buffers utilized and enzyme systems analyzed in each species exarr.iF.e.2. 
Ncmber o f  loci examined are listed in parentheses. 

TAXON 
LOCUS 

Asclepias Ta raxa cum H y l a  1 C U f C  

Acid phosphatase (ACP) 
Aspartate amino transferase (AAT) 
Catalase (CAT) 
Diaphorase (DIA) 
Esterase (EST) 
Glucose 6-phosphate dehydrogenase (G6PD) 
Glucose phosphate isomerase (GPI) 
Glutamate dehydrogenase (GDH) 
Isocitrate dehydrogenase (ICD) 
Lactate dehydrogenase (LDH) 
Leucine amino peptidase (LAP) 
Malate dehydrogenase (MDH) 
Malic enzyme (ME) 
Mannose phosphate isomerase (MPI) 
Non-specific protein (NP) 
Peptidase (PEP) 
6-Phosphogluconate dehydrogenase (6PGD) 
Phosphoglucomutase (PGM) 
Superoxide dismutase (SOD) 

LiOH(1) 

CLT(1) 
TC (1) 
TC (2) 
TC (2) 
LiOH(1) 
CLT (1) 

LiOH(1) 
TC (1) 
TC(1) 

TC = Tris-citrate, pH 8.0 (Selander, et al. 1971) 
RW - Gel: Tris citrate; electrode: Lithium borate; pH 8.5 (Ridgway, et al. 1970) 
LiOH - Lithium hydroxide, pH 8.1/8.4 (Selander, et al. 1971) 
CT - Citric acid, 4-(3-aminopropyl)morpholine, pH 6.1 (Clayton and Tretiak 1 9 7 2 )  
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Table 34. Allele frequencies at polymorphic loci in milkweed samples. 

POPULATION 

A B C D E 

N 20  20 20  17  20 
LOCUS 

6PGD A 
B 
C 

0 . 0 2  
0.05 
0 . 9 3  

0 . 0 2  

0 . 9 8  1-00 1.00 1.00 

LAP A 
B 
C 
D 
E 

0 . 0 2  
0 . 2 3  
0 . 3 3  
0 . 4 2  

0 . 3 8  
0 . 2 2  
0 . 4 0  

0 . 1 4  

0 . 8 6  

0 . 2 0  
0 . 1 3  0 . 1 3  

0 . 7 9  
0 . 0 8  

D I A  A 
B 
C 
D 
E 
F 

0 . 2 0  
0 . 5 5  
0 . 2 5  

0.95 

0 . 0 5  0 . 9 4  
0 . 0 6  0.95 

0.05 
1.00 

eDn A 
B 

0.90 
0.10 

0 . 9 8  
0.02 

0.90 
0.10 

1.00 1.00 

ACP A 
B 
C 

0 . 1 3  
0 . 8 1  
0 . 0 6  

0.95 
0 . 0 5  

1.00 1.00 0 . 7 1  
0 . 2 9  

SOD A 
B 
C 
D 

0.15 
0 . 1 5  
0 . 3 9  
0 . 3 1  

0 . 1 4  
0.28 
0 .29  
0 .29  

0 . 2 4  
0 . 2 8  
0 . 2 9  
0 . 2 9  

0 . 1 8  
0 . 3 2  
0 . 3 6  
0 . 1 4  

0 . 0 9  
0 . 3 1  
0 . 1 9  
0 . 4 1  



Table 35. Genetic variability at 9 loci in all populations of 
Asclepias. 

MEAN NO. 
OF ALLELES 
PER LOCUS 

MEAN HETEROZYGOS 17.i 
PERCENTAGE 

OF LOCI DIRECT- H A R D Y - W Z I N S S 3 . Z  
POLYMORPH IC COUNT EXPECTES 

POPULATION 

A 

B 

C 

D 

E 

2.2 

2.0 

1.7 

1.8 

1.8 

66.7 

55.6 

33.3 

44.4 

44.4 

0.11 

0.12 

0.04 

0.07 

0.10 

0.22 

0.24 

0.15 

0.16 

0.20 
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Table 3 6 .  Tests for conformation Of genotypic distribution in milkweed 
populations to expected under Hardy-Weinberg equilibrium. Levene's (1949) 
correction factor for small samples has been utilized. 

LOCUS 
POPULATION 

6PGD LAP D I A  GDH ACP SOD 

A 

B 

C 

D 

E 

NS NS 

NS * 

* *  

**  

NS 

** 

**  

**  

NS 

NS 

* *  

**  

**  

* *  

* *  

* *  

* *  

**  

*p S 0.05, **p S 0 . 0 1 ,  NS = not s ign i f i cant ,  blank = invariant .  



Table 3 7 .  Pairwise he terogene i ty  chi-square between milkweed populat ions .  

Population B 
Population C 
Population D 
Population E 

Population C 
Population D 
Population E 

Population D 
Population E 

Population E 

CPGD LAP 

NS NS 
NS 
NS 
NS 

*t 

* *  
t 

CPGD . LAP 
.* NS 

NS * *  
* t  

CPGD LAP 
t 

t 4  

BPGD LAP 
t* NS 

Population 
D I A  

*. 
NS 
t t  

t t  

Population 
D I A  
* *  
t t  

t t  

Popu l a t  i on 
D I A  
t *  

t t  

Population 
D I A  
*t 

A 
G D H  

NS 
NS 
NS 

B 
GDH 
NS 
NS 
t 

C 
GDH 
NS 
t 

D 
GDH 
N S  

ACP 

NS 
NS 
NS 
t t  

AC P 

? 

AC P 

*t 

ACP 
t t  

SOD2 

NS 
NS 
NS 
NS 

SOD 
NS 
NS 
NS 

SOD 
NS 
NS 

SOD 
NS 

*p 5 0 . 0 5 ,  **p 5 0 .01 ,  NS = not s igni f icant ,  blank = i n v a r i a n t .  



?able 38. Contingency chi-square analyses f o r  heterogeneity ( A )  among 
7XPC samples of milkweeds and (B) between combined FMPC sample and offsite 
c g n t r o l .  

LOCUS A B 

6PGD NS 
LAP ** 
D I A  * *  
GDH NS 
ACP * *  
SOD NS 

NS 
* *  
**  
NS 

NS 
** 

* * p  5 0.01, NS = not significant. 



Table 39. A l l e l e  f r e q u e n c i e s  a t  polymorphic l o c i  i n  dande? lon  samples. 

POPULAT iON 

1 2 3 4 5 6 7 8 9 10 1 1  1 2  1 3  1: 

N 20 20 20 20 20 20 2 0  20 2 0  20 2 0  20 20 2 3  
LOCUS 

CAT A 
B 

DiA-1 A 
B 
C 
D 
E 
F 

EST A 
B 
C 
D 
E 

G6PD A 
B 

GPI-1 A 
B 
C 
D 

GPI-2 A 
B 

GDH A 
B 
C 

PEP A 
B 
C 
D 

6PGD A 
B 
C 
D 
E 

PGM-2 A 
B 
C 
D 
E 

0.50 0 .33  0 .50  0 . 4 8  0 .53  0.50 0.57 0.50 0.50 0 .50  0.28 0 . 5 0  0 . 5 0  0.5C 
0.50 0 . 6 7  0 .50  0.52 0.46 0.50 0 .43  0.50 0.50 0 .50  0.12 0.50 0 . 5 0  0 . 5 3  

0 . 0 3  
0.10 0.10 0 . 0 3  

0.33 0 . 4 4  0 .85 0.33 0 .40  0.37 0 . 3 8  0.17 0.33 0.28 0 .14  0 . 3 4  0 .45  C.45 
0.33 0 .56  0 .33  0 .60  0 .63  0.58 0 . 3 3  0.33 0.17 0.11 0 . 4 4  0 . 2 4  0 . 3 4  
0 . 3 4  0.34 0.06 0.20 0.34 0.50 0.15 0.13 0.30 0 . 5 1  

0.05 0.20 0.06 0.03 

0.07 
0.10 0.03 0 .28  0.09 0.08  0.42 0.28 0.07 0.15 0.15 
0 .45  0.84 0.33 0.74 0.92 0.42 0.65 0 .93  0.70 0.70 1 .00  0 .93  1.00 0 . 9 1  

0 .15 0.15 0.07 0 . 0 9  0 .45  0.03 0.20 0.17 0.03 0.16 0.07 
0.12 

0.75 0 .85  0.15 0.73 1.00 1 .00  0.90 1.00 1.00 1 . 0 0  0.10 1.00 0.98 0 . 8 3  
0.25 0 .15  0.85 0.27 0.10 0.90 0.02 0.17 

0.92 1 . 0 0  0.95 1.00 1 .00  1 . 0 0  1 .00  0 . 8 3  0.97 0.97 1.00 1 .00  1 .00  0.93 
0 . 0 8  0.07 0.03 0 . 0 3  0.01 

0.05 
0.10 

1 - 0 0  1 . 0 0  0.94 1 - 0 0  1.00 1 .00  1 . 0 0  1.00 1 .00  1.00 0.98 1 - 0 0  0.90 1 .00  
0.06 0.02 0.10 

1.00 0.90 0.10 0.65 1 .00  1.00 1.00 0.85 1 .00  1 . 0 0  1.00 1.00 0.98 1 . 0 0  
0.10 0.90 0.35 0.05 0.02 

0.10 

0.17 
0.18 0.12 0 . 0 8  0 . 0 8  0.12 0.02 0.15 0.07 0.15 0.25 0.25 0 .31  0.33 0 . 1 5  
0.72 0 .72  0.61 0.80 0.82 0.85 0.75 0.67 0.69 0.50 0.50 0.57 0 . 4 8  0 . 1 3  
0.10 0.16 0.31 0.12 0.06 0.13 0.10 0.09 0.17 0.25 0.25 0.12 0 .19  0.12 

0.28 0.08 0.02 0.07 0.12 0.27 0.18 0.13 0.20 0.25 0.10 0.22 0.08  0.15 
0.27 0.-33 0.25 0.48 0.67 0.43 0.28 0.63 0.50 0 .25  0.58 0.32 0.17 0.45 
0.30 0.20 0.30 0.22 0 . 2 1  0.20 0.35 0.18 0.25 0.25 0.27 0.42 0.60 0.25 
0.15 0.28 0.43 0.23 0.10 0.18 0.05 0.05 0.25 0 .05  0.04 0.15 0 . 1 5  

0.10 

0.07 0.02 
0 . 0 8  0 . 0 8  0.03 

0.02 0.92 
0.97 0 .97  0.92 1.00 1 .00  1 .00  0.93 0.75 1 .00  0.07 1 .00  0.03 1 .00  1 . 0 0  
0 .03 0 .03  0.07 0.10 0.92 
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Table 4 0 .  Genetic variability a t  9 l o c i  in all populations o f  
Taraxacum.  

MEAN NO. 
OF ALLELES 
PER LOCUS 

0 OPULAT I ON 

MEAN 
HETEROZYGOSITY 

PERCENTAGE 
OF LOCI DIRECT- 

P 0 LYMORP H IC COUNT 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

1.9 
2 . 0  
2 . 3  
1.9 
1 . 6  
1 . 6  
1.9 
2.4 
1.8 
2.0 
1.7 
2.2 
1.8 
1.9 

57.1 
64.3 
78.6 
50.0 
35.7 
35.7 
50.0 
57.1 
4 2 . 9  
50.0 
4 2 . 9  
50.0 
50.0 
57.1 

0.12 
0.29 
0.15 
0.19 
0 . 1 2  
0.10 
0.17 
0.09 
0.09 
0.08 
0.17 
0 . 1 3  
0.13 
0.12 



Table 41. Contingency chi-square analyses f o r  genetic heterogeneity among 
dandelion populations. Comparisons are within and among habitat types. 

ABANDONED WASTE MOWED GRAZED MOWED MOWED 
INCINERATOR P I T  PASTURES PASTURES LAWNS LAWNS. AND 

PEFFER S I T E  
LOCUS PRRK 

CAT 
D I A - 1  
D I A - 2  

EST 
G P I - 1  
G P I - 2  

~ GDH 
PEP 
CPGD 

PGM-2 

NS 
NS 

NS 

* *  
NS 
NS 
* *  

NS 
NS 
N S  
NS 

NS 

NS 
NS 
** 

NS 

* *  
NS 
NS 

** 
NS 
* 
** 

N S  

N S  

NS 
NS 

NS 
NS 
NS 

**  

* *  

** 

NS 

NS 

* *  

**  

**  
**  
**  
**  
** 

NS 

NS 

* *  

* *  
* *  
**  
* *  
* *  
* *  
* *  

* p 5 0.05 ,  **p 5 0.01, NS - not significant, blank - invariant. 
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Table 42. Principal component determination of the number of dandeiion 
clones composed of more than one individual and the number of individuals 
i n  each of these clones. 

Number of Number of 

Number Clones per Clone 
Multi-individual Individuals Population 

1 

2 

10 

11 

12 

13 

14  

2 

0 

3 

2 

2 

2 

0 

3 

2 

3 

1 

3 

1 

1 

3-2 

2-2-2 

3 -2 

2-2 

3-2 

2 -2 -2 

3-2 

10-3-2 

3 

2-2-2 

2 

3 



T a b l e  4 3 .  Ailele freq-cenczes df pOiymOr?::-= l o c i  1- :odd di?d t r e e f r o g  
samples. 

?OPL'LATICN 

Bufo a u  f o  
a m e r i c a n u s  amcricanus  

Woods Park 
FMPC Hueston 

N 60 60  
LOCUS 

.3yl a 
c r u c i f e r  

'MPC 

60 

AAT A 
B 
C 
D 

EST-1 A 
B 
C 
D 

EST-2 A 
B 
C 

EST-3 A 
B 

GPI A 
B 
C 

GDH A 
B 

ICD-2 A 
B 

LDH-1 A 
B 
C 
D 

LDH-2 A 
B 

WPI A 
B 

6PGD A 
B 
C 

PGM-1 A 
B 

PGM-2 A 
B 
C 

PGM-3 A 
B 

0.45 
0.40 
0.15 

1 .oo 

t 

0.64 
0.36 

0.10 
0.76 
0.14 

t 

1.00 

t 

0.04  
0.96 

0.79 
0.21 

0.32 
0.47 

. 0.21 

0.37 
0.63 

0.40 
0.47 
0.13 

0.35 
0.65 

0 . 0 6  
0 . 5 5  
0.33 
0 .06  

0.13 
0.78 
0.09 

0 .56  
0.28 
0.16 

t 

1.00 

t 

0.04 
0.96 

t 

1.00 

t 

t 

0.79 
0.21 

0.28 
0.49 
0.23 

0.26 
0.74 

t 

0.01 
0.70 
0.23 
0 .06  

t 

t 

0.07 
0.75 
0.18 

0.05 
0.95 

t 

0.28 
0.40 
0.15 
0.17 

0.65 
0.35 

t 

0.24 
0.49 
0.27 

t 

t 

t 

* = locus not scored in that population 
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Table 4 4 .  Genet ic  v a r i a b i l i t y  i n  popula t ions  o f  t oads  and t r e e f r o g s .  

MEAN NO. PERCENTAGE MEAN HET E RO 2 Y GO S i T Y 
OF ALLELES OF LOCI 
PER LOCUS POLYMORPHIC DIRECT- HARDY-WEINBERG 

COUNT 
POPULATION 

EXPECTED 

~~ ~ 

FMPC t oads  1.8 

Hueston Woods toads  1 . 8  

FMPC treefrogs 2.1 

5 0  

5 0  

5 5  

0.i7 

0.18 

0.20 

0 . 2 4  

0 . 2 3  

0 . 2 5  



SECTION I I  

BIOLOGICAL AND ECOLOGICAL 

OF THE FEED MATERIALS PRODUCTION CENTER 
SIT E CHAR ACT E R I2 AT1 0 N 

October-Decem ber, 1986' 

Includes  b i r d  data through March 1 9 8 7 .  * 
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INTRODUCTION 

The purpose of this study, under WMCO Subcontract No. E- 

75969, was to survey, inventory and characterize additional 

terrestrial and aquatic fauna inhabiting the FMPC during fall 

and winter, 1986/87. In addition, several fish species from the 

FMPC were analyzed for the possible effects of environmental 

stress on genetic structure. The results of these analyses are 

included in the current report. Results of the electrophoretic 

analysis of grasshoppers will be included in the next report 

(Section 111). Appendix A, Part I1 includes a catalog of 

species found at the FMPC during the period from October through 

December, 1986. 

The most comprehensive study on the biota of the FMPC to 

date is that reported in Section I. This study, conducted from 

mid-June through August, 1986, included the identification of 

six major habitats and the establishment of permanent transects 

and stations for sampling of terrestrial communities and fish 

communities in Paddy's Run. They described community structure 

for the summer herbaceous vegetation, woody vegetation, 

terrestrial arthropods, fishes, birds, small mammals, and 

several game species on the FMPC. 

plants and animals from the FMPC and from offsite populations to 

determine the possible effects of environmental stress on 

genetic structure. In addition, their Catalogue of Species 

included estimates of the relative abundance for 98 species of 

herbaceous plants, 4 6  species of trees and shrubs, 127 families 

of terrestrial invertebrates, 13 species of fish, 10 species of 

They also analyzed selected 



? 

amphibians and r e p t i l e s ,  83 s p e c i e s  of b i r d s  a n d  8 mammalian 

s p e c i e s .  They r eco rded  a t o t a l  of 385 taxa d u r i n g  t h e  summer ~f 

1 9 8 6  on t h e  FMPC. 

R e s u l t s  of t h e  c u r r e n t  s t u d y  are  d i s c u s s e d  w i t h  r e s p e c t  t o  

s e a s o n a l  changes i n  p o p u l a t i o n  o r  community s t r u c t u r e  and t o  

o t h e r  on o r  o f f s i t e  s t u d i e s .  

STUDY SITES AND METHODS 

The s t u d y  area inc luded  s i x  (6) major t e r res t r ia l  h a b i t a t s  

and Paddy ' s  Run w i t h i n  t h e  425 ha of  t h e  FMPC s i t e  e x c l u d i n g  5 5  

ha covered  by t h e  FMPC o p e r a t i o n s  complex, p a r k i n g  l o t s  and 

a s s o c i a t e d  c o n s t r u c t i o n  f a c i l i t i e s .  The s i x  ( 6 )  major h a b i t a t  

types ( t r a n s e c t  i d e n t i f i c a t i o n  codes are i n c l u d e d  i n  p a r e n t h e s e s  

a f t e r  the h a b i t a t  i d e n t i f i c a t i o n ) ,  were r i p a r i a n  (RN1 and R N 2 ) ,  

c o n i f e r o u s  woodlots  ( p i n e  p l a n t i n g s ,  PP1 and PP2), deciduous  

woodlots  (Wl, W2 and W3), t h e  reclaimed f l y  ash p i l e  (RFAP) and 

grazed (GP1 and GP2) and ungrazed ( U G P )  p a s t u r e s .  

All terrestr ia l  fauna were censused  a l o n g  p r e v i o u s l y  

e s t a b l i s h e d  permanent t r a n s e c t s  (F ig .  1). D e s c r i p t i o n s  of  t h e  

habi ta t s  and  t h e  methods f o r  l a y i n g  o u t  t h e  t r a n s e c t s  are  

r e p o r t e d  e l sewhere  ( S e c t i o n  I ) .  

T h i s  report i n c l u d e s  t h e  re la t ive  abundance, f r equency  of  

occur rence  and /o r  d e n s i t y  of n o c t u r n a l  raptors (owls) ,  w i n t e r  

r e s i d e n t  b i rds ,  and  b e n t h i c  fauna  on t h e  FMPC. Each f a u n a l  

group i s  i n v e n t o r i e d ,  and mapped by h a b i t a t ,  or by  sampl ing  s i t e  

on Paddy ' s  Run. All endangered s p e c i e s  are l i s t ed  and i n c l u d e d  



in the Addendum to the Catalogue of Species of the F m C .  The 

report also includes the results for terrestrial insects, 

collected during the summer, 1986, and summer population 

estimates for cottontail rabbits (Sylvilagus f l o r i d a n u s )  . Prior 

to commencing the study, sampling and electrophoretic protocols 

were submitted to WMCO for approval. 

Standard community indices were used to reduce the data. 

Results for each organismal group are expressed by habitat type 

in terms of density (number per unit area), or number per unit 

effort (e.g., number of insects per 1000 sweeps). Additional 

parameters were also calculated for each community. Species 

richness (R ) is the number of species found. Relative 

frequency of occurrence is the proportion of individuals of each 

species in the sample with respect to the total number of 

individuals sampled. The latter data were used to assign 

estimates of abundance in Appendix A, Catalogue of Species of 

the FMPC. 

Species diversity was calculated using the Shannon-Weaver 

(1949) formula (H' = -zpi In pi) and Simpson's Index, D, 

(Simpson 1949). Species dominance (C) was calculated from the 

index of Simpson (1949). Evenness of distribution and abundance 

(J') was calculated using the methods outlined in Pielou (1966). 

- 

i l  

- .  

The Jaccard Coefficient (Jaccard 1908) and the Coefficient of 

Similarity (Whittaker 1975) were used as measures of qualitative 

community similarity in terms of presence or absence of species. 

Percent Similarity (Whittaker 1975) and Morisita's Index 

(Morisita 1959) were used as measures of quantitative community 



similarity with respect to the number of individuals of eacn 

species present. Additional synthesis of the data is treated 12 

each sect ion. 

All taxa were catalogued according to frequency of 

occurrence by habitat type (Appendix A). Representative voucher 

specimens are housed in the Robert A .  Hefner Museum of Zoology, 

Miami University, Oxford, Ohio 45056. 

BENTEIC MACROINVERTEBRATES 

METHODS 

Benthic macroinvertebrates were collected from ten 

riffle/pool sites on Paddy's Run (Fig. 2 )  during the period 20 

November - 18 December 1986 (sites 1-4 on 20 Nov., 5-7 on 11 
Dec., 8-10 on 18 Dec.) . Eight of the sites (2-9) lay within the 

boundaries of the FMPC. Physical characteristics of riffles and 

pools are summarized in Table 1. Most of the stream bed 

downstream from site 4 was dry from late-June through October 

1986 during an extended dry period that had a similar effect on 

many other area streams (Mundahl, personal observation). 

At each collection site, three quantitative samples of each 

macroinvertebrate community were taken from a riffle with a 

Surber sampler (sample area = 0.09 m2; mesh size = 571 pm; 

Merritt et al. 1984). A single qualitative sample was collected 

from a pool at each site with a U.S. Standard No. 30 soil sieve 

(mesh size = 590 pm; Merritt et al. 1984). Organisms in each 

sample were separated from most sediments and organic debris by 
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washing t h e  sample i n  a 4 - l i t e r  p a i l  o f  water and s c r e e n i n g  i t  

t h r o u g h  a U.S. S t a n d a r d  No. 30 s o i l  s ieve .  Samples were 

p r e s e r v e d  i n  t h e  f i e l d  i n  70% e t h a n o l .  

I n  t h e  l a b o r a t o r y ,  m a c r o i n v e r t e b r a t e s  i n  each r i f f l e  sample 

were i d e n t i f i e d  and  c o u n t e d .  

i d e n t i f i e d  b u t  n o t  c o u n t e d .  

w i t h  t h e  a id  of taxonomic keys  b y  F lowers  a n d  H i l s e n h o f f  

H i l s e n h o f f  ( 1 9 7 5 ) ,  Pennak (1978)  I and  Merritt and  C u m i n s  

(1984)  . D e n s i t i e s  (number/m2) were c a l c u l a t e d  for o rgan i sms  i n  

each r i f f l e  sample, a n d  mean d e n s i t i e s  were used  t o  es tab l i sh  

t h e  abundance of e a c h  i n v e r t e b r a t e  t a x o n  t h r o u g h o u t  t h e  stream 

reach. A Shannon-Weaver d i v e r s i t y  i n d e x  (Weber 1973)  w a s  

c a l c u l a t e d  for  e a c h  r i f f l e  sample as a measure of community 

s t r u c t u r e .  The Spearman r a n k  c o r r e l a t i o n  c o e f f i c i e n t  (Zar 1974)  

w a s  u s e d  t o  q u a n t i f y  f a u n a l  s i m i l a r i t y  between r i f f les  a t  a l l  

a d j a c e n t  c o l l e c t i n g  sites, a n d  S o r e n s e n ' s  i n d e x  (Wolda 1981)  w a s  

u s e d  t o  q u a n t i f y  s i m i l a r i t y  of pools a t  a d j a c e n t  s ampl ing  

l o c a t i o n s  w i t h  respect t o  p resence -absence  o f  t a x a .  

Organisms i n  t h e  p o o l  sample  were 

I d e n t i f i c a t i o n  w a s  accompl i shed  

( 1 9 7 5 ) ,  

RESULTS 

For ty-one  taxa of b e n t h i c  m a c r o i n v e r t e b r a t e s  were col lected 

from r i f f les  a n d  pools on P a d d y ' s  Run ( F i g .  2 )  between 20 

November a n d  18 December 1986 (Tables 2 and  3 ) .  S i x  of these 

t a x a  were collected o n l y  from sites 1 a n d / o r  10 which l a y  

o u t s i d e  FMPC b o u n d a r i e s  (Tables 2 a n d  3 ) .  T h i r t y - n i n e  t a x a  ( 3 3  

w i t h i n  FMPC b o u n d a r i e s )  were collected i n  r i f f les ,  and  1 2  t a x a  

( 9  w i t h i n  FMPC b o u n d a r i e s )  were found  i n  pools. 
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Four taxa of macroinvertebrates were present at each of t h e  

ten riffles sampled: the non-biting midges, Chironomidae; the 

riffle beetle, Stenelmis sp.; the mayfly, Caenis sp.; and the 

stonefly, Allocapnia sp. (Table 2 ) .  An additional seven taxa 

(the mayfly, Stenonema femoratum; the isopod, Lirceus 

fontinalis; the caddisflies, Cheumatopsyche sp. and Hydropsyche 

sp.; the segmented worms, Oligochaeta; the blackfly Simulium 

sp.; and the stonefly, Nemouridae) were collected at seven or 

more sites. These 11 taxa generally comprised more than 90% of 

the organisms found in each riffle sample (Table 2 ) .  

Only three taxa (Chironomidae, Caenis sp. , Allocapnia sp. 1 

were found in four or more of the pools sampled (Table 3 ) .  The 

Chironomidae were present at all ten sites, and most of these 

individuals belonged to the genus Chironomus. 

Riffles and pools at sites 1-4 generally contained more 

taxa of benthic macroinvertebrates than did their counterparts 

at sites 5-10 (Tables 2 and 3 ) .  Riffles at sites 1-4 averaged 

greater than 21 taxa, whereas those at sites 5-10 averaged less 

than 11 taxa. Pools at sites 1-4  contained an average of 5 

taxa, but those at sites 5-10 averaged only 2 taxa. 

Macroinvertebrate communities in riffles exhibited 

consistently high similarity between adjacent sites. All site 

pairs had statistically significant Spearman rank correlation 

coefficients (Table 4 ) .  Pools displayed good similarity in 

presence-absence of taxa between adjacent sites, with five site 

pairs having Sorensen's index of similarity greater than or 

equal to 0 . 5  (Table 4 ) .  Lower values were generally correlated 



with a large difference in the number of taxa collected betwee? 

the sites of a site pair (Table 3 ) .  

Mean densities of macroinvertebrates in riffles differed 

significantly (ANOVA F = 1 2 . 7 1 ,  P<O.OOl) among sample sites. 

Densities were significantly higher at upstream sites 1 - 4  than 

at most downstream sites (Table 5 ) .  Only site 8 had a high 

macroinvertebrate density similar to those at the upstream 

sites. 

Macroinvertebrate community diversity in riffles also 

differed significantly (ANOVA F-6.60, P<O.OOl) among collection 

sites. Shannon-Weaver diversity values ranged from a mean of 

0.79 at site 5 to 3 . 0 3  at site 1 (Table 5 ) .  There was no 

apparent pattern in diversity values among the sample sites. 

Benthic macroinvertebrate samples collected from the ten 

riffles differed significantly (ANOVA F511.23, P<O.OOl) with 

respect to the percentage of each sample comprised of 

Chironomidae. The average percentage of Chironomidae per sample 

increased gradually from site 1 through site 4 ,  decreased 

significantly at site 5 ,  and remained at low levels at most of 

the downstream sites (Table 5 ) .  As with density, site 8 had a 

significantly higher percentage of Chironomidae per sample than 

any of the six sites below the railroad trestle south of site 2. 

DISCUSSION 

The 41 taxa of benthic macroinvertebrates collected from 

Paddy's Run represent a substantial increase over the 19 taxa 

reported previously for this stream (Pomeroy et al. 1977). Most 
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of this increase is probably attributable to sampling at ten 

sites, compared to only one site in the previous study. Site 2 

in the present study was in the near vicinity of the single site 

of Pomeroy et al. (19771, and contained 21 taxa. 

Three taxa found previously in Paddy's Run (Pomeroy et al. 

1977) were not collected in the present study: the caddisfly, 

Agraylea s p . ;  the true bug, Microvelia s p . ;  and the fingernail 

clam, Sphaerium sp. Agraylea and Microvelia are summer forms, 

and are generally not collected in winter (Merritt and Cumins 

1984). Sphaerium is apparently rare in Paddy's Run (only a 

single specimen was collected by Pomeroy et al. 1977), and may 

have been missed by the collections. 

The type and number of macroinvertebrate taxa collected 

from Paddy's Run are typical of streams in southwestern Ohio. 

Lenoble (1982) reported a total of 53 taxa of macroinvertebrates 

(excluding Chironomidae) from seven sites on Four Mile Creek in 

Butler County. 

Chironomidae, and riffle beetles. Wynes and Wissing (1981) 

collected more than 20 taxa of macroinvertebrates from each of 

six sites on the Little Miami River in Greene County. 

Chironomi.dae, caddisflies (Cheumatopsyche and Hydropsyche spp. 1 , 

Samples were dominated by the caddisflies, 

mayflies .(Caenis, Stenonema, and Baetis sp.), riffle beetles 

(Stenelmis sp. ) , stoneflies (Plecoptera) , blackflies (Simulium 
sp. ) , oligochaetes, and the limpet (Ferrissia sp. 1 , were 
seasonally dominant. Pomeroy et al. (1977) reported 13-18 taxa 

per site at three sites on the Great Miami River just upstream 



from its confluence with Paddy's Run. The dominant organisms i;. 

all collections were caddisflies and the Chironomidae. 

Shannon-Weaver diversity values (H' = 0.79-3.03) calculated 

for each of the ten sites on Paddy's Run also are typical of 

macroinvertebrate community values for area streams. Pomeroy et 

al. (1977) reported diversity values of 1.80-2.21 and 2.23-3.06 

for macroinvertebrate samples collected from Paddy's Run and the' 

Great Miami River, respectively. Shannon-Weaver diversity 

values for the Little Miami River communities ranged from 1.02- 

2.47 (Wynes and Wissing 1981). In Four Mile Creek, 

macroinvertebrate community diversities ranged from 1.01-2.45 

(Lydy, Miami University, unpublished data). These diversity 

values are similar to those reported for streams receiving 

moderate amounts of pollution (Wilhm 1967, Wilhm and Dorris 

1968, Sheehan and Winner 1984). It is possible that runoff from 

nearby homesteads, agricultural lands, and the FMPC may have 

reduced water quality in Paddy's Run and lowered 

macroinvertebrate community diversity. However, by not 

identifying the Chironomidae below the family level, diversity 

calculations may have been artificially depressed (Hughes 1978). 

Chironomidae comprised up to 7 5 %  of the total number of 

organisms collected at any given site. Winner et al. (1980) 

collected 15-39 species of Chironomidae at five sites on Elam's 

Run in Butler County, Lewis (1986) reported 12 genera of 

Chironomidae at two sites on the Little Miami River in Greene 

County, and Lenoble (1982) collected 27 total taxa (subfamily, 

genera, species) of Chironomidae at seven sites on Four Mile 



1 0  

Creek. If similar numbers of Chironomidae taxa were present ana 

identified in Paddy's Run, diversity values may have been 

significantly higher. 

The number of taxa in pools and riffles, macroinvertebrate 

density, and the percent Chironomidae per sample were'reduced 

significantly between sites 4 and 5, and remained at low levels 

at the majority of the sites downstream. There are two possible 

explanations for these changes: runoff from the FMPC into the 

stream (Dames and Moore 19851, and the prolonged period 

preceding collections during which the stream bed was dry. 

The most probable cause of the observed changes in macro- 

invertebrate communities downstream from site 4 was the dry 

period preceding sampling. The stream bed of Paddy's Run was 

mostly dry below site 4 between late-June and October. Some 

macroinvertebrates can move down into the hyporheic habitat 

below the streambed and find sufficient moisture to survive 

(Hynes 1958) . However, the majority of macroinvertebrates, 

either in an active or egg stage, are killed by extended dry . 

periods (Hynes 1970). The dry period during summer and autumn 

probably eliminated the organisms that had been present in 

Paddy's Run below site 4 .  When the stream again contained water 

in late autumn, macroinvertebrates began to recolonize the 

portion of the stream downstream from site 4 .  Most of the 

colonizers probably drifted in from upstream areas, hence the 

strong community similarities between sampling sites. However, 

as it generally requires several months for a barren area of 

stream bed to be completely recolonized by drifting organisms 



(Hynes 1970), macroinvertebrate densities and the numbers of 

taxa remained low when collections were made in-November and 

December. 

Sites 5-10 on Paddy's Run were located downstream from the 

waste storage facilities at the FMPC. It may be possible that 

some of these materials entered the stream system and reduced 

macroinvertebrate taxa and densities downstream (Hocutt 1975; 

Swift 1985). However, Winner et al. (1980) have shown in two 

southwestern Ohio streams that a chemical stress tends to 

increase the fraction of a macroinvertebrate community comprised 

of Chironomidae. In Paddy's Run, the percent Chironomidae per 

sample decreased significantly below site 4, suggesting that 

macroinvertebrate communities in these areas may have been 

affected by something other than a chemical stress. 

TERRESTRIAL INVERTEBRATES 

METHODS 

The methods employed were presented in detail in Section I. 

Only those data previously unreported and the conclusions drawn 

therefrom will be presented hereafter. Refer to Figure 1 for 

transect locations. 
. .  

RESULTS AND DISCUSSION 

A total of 21,316 organisms were collected and identified. 

Of these, 18,573 were either insects or insect larvae and 2,469 

were spiders. Seventy-two gastropods were also found in the 

samples. Over 130 insect families in 15 orders were 



r e p r e s e n t e d .  S p i d e r s  e r e  no t  i d e n t i f i e d  t o  f a m i l y  nor  were chp 

o t h e r  non- insec t  t a x a .  

f e w  i n d i v i d u a l s  and were c o n s i d e r e d  ra re .  

(Cicadellidae) were abundant i n  a l l  h a b i t a t s  and s e v e r a l  t a x a  

were res t r ic ted  t o  a s i n g l e  t r a n s e c t  o r  habi ta t  t y p e  (see 

Appendix) .  Nine teen  s p e c i e s  were unique t o  t h e  two r i p a r i a n  

t r a n s e c t s  i n  c o n t r a s t  t o  8, 5 ,  4 and 3 i n  t h e  p i n e  p l a n t a t i o n s ,  

grazed p a s t u r e s ,  reclaimed f l y  ash p i l e  and  woodlots ,  

r e s p e c t i v e l y .  

Most groups were r e p r e s e n t e d  by o n l y  a 

Only leaf  hoppers  

N o  s p e c i e s  were unique  t o  t h e  ungrazed  p a s t u r e .  

The number of i n d i v i d u a l s  caught  p e r  1 ,000  sweeps and t h e  

r e l a t i v e  abundance o f  each  w i t h i n  t h e  hab i t a t  are r e p o r t e d  i n  

Tables 6 and 7, r e s p e c t i v e l y .  All p o s s i b l e  p a i r - w i s e  

combina t ions  were compared u s i n g  Spearman’s rank  c o r r e l a t i o n  

a n a l y s i s .  The r e s u l t s  of  t h e  a n a l y s e s  are p r e s e n t e d  i n  Table 8 .  

UGP and GP2 were most s imi la r  and UGP and FW2 were least  

s imilar .  

Some i n t e r e s t i n g  t r e n d s  are e v i d e n t .  The data seem t o  

i n d i c a t e  t h a t ,  f o r  t h e  most par t ,  o n l y  one f a m i l y  of Collembola 

( s p r i n g t a i l s )  may be p r e s e n t  i n  any g i v e n  habi ta t ;  e i ther  

entomobryiads or s m i n t h u r i d s .  

s p r i n g t a i l .  p r e s e n t  i n  GP1, RFAP and W 1 .  

were p r e s e n t  (UGP, GP2,  W2, W 3 ,  P P l ) ,  t h e y  outnumbered 

s m i n t h u r i d s  by 1-2 orders of magnitude (Table 6 ) .  No 

s p r i n g t a i l s  were p r e s e n t  i n  P P 2 ,  RNl, or R N 2 .  

Smin thur ids  were t h e  o n l y  

Where entomobryiads 

O r t h o p t e r a n s  were p r e s e n t  i n  a l l  h a b i t a t s .  I n  t h e  

p a s t u r e s ,  acridids were dominant fo l lowed by lesser numbers of 

t e t t i g o n i d s  and  g r y l l i d s  i n  t h a t  order. The p a t t e r n s  of 



dominance were variable in the other areas. In PP1 and PP2,  

acridids, while still dominant, were less so in relation to the 

other two families, but tettigonids were sub-dominant to 

gryllids here. A yet different order was observed in the 

riparian habitat. Here Gryllidae was the dominant family, 

followed by Tettigonidae and Acrididae (RN2 had slightly greater 

numbers of Tettigonidae than Gryllidae, however) . The woodlots, 

as a whole, were similar to the riparian habitat. RFAP was the 

only habitat containing sizeable numbers of mantids. 

Psocopterans were present only in RFAP, RN1 and W3. 

Miridae was the dominant hemipteran family in most habitats, 

however aradids were the dominant group in RFAP and assassin 

bugs (Reduviidae) were dominant in W1 and W2. Tingids were 

dominant in RN1. 

As previously reported (Section I), cicadellids were the 

major homopteran in all habitats, followed by the families 

Cercopidae, Acanaloniidae and Aphidae, respectively. With the 

exception of. RN2, where scarabaeids dominated, chrysomelids were 

the most numerous coleopteran in all habitats. 

were most broadly represented in RE'AP where individuals from 

four families were present. 

Lepidopterans 

The most diverse group were the dipterans (flies). There 

were no clear patterns between habitats. GP1 and RFAP were most 

similar in terms of dipterans (Spearman's rho-0.615) and GP1 and 

W3 were least similar (Spearman's rho=-0.273). RN1 and RN2 were 

very dissimilar (Spearman's rho=-0.216), but, due to the large 

number of flies, these statistics may not be entirely reliable. 



Chloropidae were generally present in largest numbers ir! 

most habitats. For some reason, few dipterans of any kind were 

found in RN2. Among the hymenopterans, the Chalcidoidea were 

most prevalent, but ants (Formicidae), braconids and halictids 

were present in most habitats in fair numbers. 

Large numbers of spiders were present in all habitats, but 

twice as many were found in RF'AP as in PP1 (1905 vs. 9 5 9 / 1 , 0 0 0  

sweeps), the habitat with the second largest number of 

individuals. As far as other non-insect species are concerned, 

there were no changes from the previous report (Section I). 

Considering the individual transects, UGP held the highest 

numbers (in terms of number/1,000 sweeps) of Collembola, 

Orthoptera, Hemiptera, Diptera and Acarina. The greatest 

numbers of Thysanoptera were captured in GP2. RFAP led in the 

number of Odonata (tied with RNl), Psocoptera, Neuroptera (tied 

with RN2), and as noted previously, Araneida. The greatest 

numbers of Homoptera, Coleoptera and insect larvae were present 

in PP1. R N 1  held the largest numbers of Hymenoptera, 

Lepidoptera, Strepsiptera and Gastropoda. 

WINTER BIRDS 

METHODS 

Wintering birds were censused from 5 February to 6 March 

using a fixed-width line transect (Emlen 1971). Ten 600m 

permanent transects and one 225m transect in the RFAP (Fig.1) 

was censused 8 times in order to obtain accurate and consistent 
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density estimates (Engel-Wilson et al. 1 9 8 1 ) .  Generally, 

censuses began from 1 / 2  to 3 hours after sunrise and ended 

before 1200 hours because late morning censuses during winter 

yield more species and individuals (Verner and Ritter 1986). 

Several afternoon censuses were also conducted. The Emlen 

transect method has been shown to be more feasible and provide 

similar estimates of bird densities, species diversity, 

evenness, and species richness when compared to variable 

circular plot techniques (Anderson and Ohmart 1981). 

Results were expressed in terms of percent frequency of 

occurrence, density, species diversity, species dominance, 

community evenness, and community similarity as described above 

(see Introduction). Percent frequency of occurrence values were 

calculated by dividing the number of censuses a species was 

present (0-8) by the total number of censuses ( 8 )  and 

multiplying by 100. 

RESULTS 

Thirty-seven species of wintering birds were found on the 

FMPC site (Table 9 ) .  More than 1/3 (14) of these were found in 

a majority (26)  of the eleven habitats (Table 9). Every habitat 

contained the mourning dove (Zenaida macroura) , downy woodpecker 
(Picoides  pubescens) , blue jay (Cyanocitta cristata) , northern 
cardinal (Cardinalis cardinalis), and song sparrow (Melospiza 

' melodid). American robins (Turdus migratorius) and American 

~ goldfinches (Carduelis tristis) were found in 10 of 11 habitats. 

Song sparrows, Carolina chickadees ( P a r u s  carolinensis) , and 
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mourning doves,  i n  t h a t  o r d e r ,  had t h e  g r e a t e s t  o n s i t e  d e n s i t i e s  

(Tab le  1 0 ) .  Avian d e n s i t i e s  var ied from less  t h a n  50 b i r d s  p e r  

40  ha i n  t h e  p a s t u r e s  t o  more t h a n  300 b i r d s  p e r  40 ha i n  t h e  

p i n e  p l a n t i n g s  and W 1 .  Avian d i v e r s i t y  (Tab le  11) w a s  lowes t  i n  

t h e  p a s t u r e s  (H' < 2 . 1 )  and t h e  p i n e s  (H' < 2 . 2 )  and  g r e a t e s t  i n  

t h e  woodlots  (H' > 2 . 4 5 ) .  S p e c i e s  r i c h n e s s  was t h e  h i g h e s t  and  

s imi l a r  (20-21 s p e c i e s )  i n  t h e  r i p a r i a n  and woodlot communit ies .  

Avian community s i m i l a r i t y  was greatest  between P P 1  and P P 2 ,  W 1  

and W 2 ,  and  RN1 and RN2,  whereas the  UGP when compared t o  t h e  

g r a z e d  p a s t u r e s  (GP1 and GP2) w a s  t h e  l eas t  s i m i l a r  (Table 1 2 ) .  

Pastures 

Twenty-four s p e c i e s  of w i n t e r i n g  b i rds  were found i n  t h e  

p a s t u r e s  a t  t h e  FMPC (Table 9). Unexpectedly,  e a s t e r n  

meadowlarks (Sturnella magna) were common i n  each p a s t u r e .  

American kestrels ( F a l c o  sparverius), mourning doves, downy 

woodpeckers, b l u e  j a y s ,  n o r t h e r n  c a r d i n a l s ,  and song spar rows  

were found i n  each  p a s t u r e .  However, many o f  these s p e c i e s  were 

p r e s e n t  i n  v e r y  l o w  numbers (Table 1 0 ) .  Overall a v i a n  dens i t ies  

i n  t h e  p a s t u r e s  were much lower (< 50 b i r d s / 4 0  ha; Table 1 0 )  

t h a n  i n  t h e  o t h e r  h a b i t a t s .  Mourning doves, song spar rows ,  and 

house sparrows i n  t h e  UGP were p r e s e n t  w i t h  d e n s i t i e s  greater 

t h a n  5 i n d i v i d u a l s / 4 0 h a  and  c o n s t i t u t e d  approx ima te ly  65% of  t h e  

a v i a n  community. I n  GP1, o v e r  83% of t h o s e  i n d i v i d u a l s  p r e s e n t  

were e a s t e r n  meadowlarks. S i n c e  o n l y  one large f l o c k  of house 

spar rows  was recorded once i n  t h e  UGP, t h e i r  p o p u l a t i o n  d e n s i t y  

w a s  p r o b a b l y  o v e r  estimated. Avian d i v e r s i t y  w a s  t h u s  ex t r eme ly  



low i n  G P 1  (H' = 0 . 2 9 3  compared t o  H'max = 1 . 6 0 9 ;  Table  11) 

where meadowlarks and k e s t r e l s  were t h e  on ly  commonly found 

species.  Avian d i v e r s i t y  i n  GP2 and  UGP were s u b s t a n t i a l l y  

g r e a t e r ,  a l t h o u g h  GP1 and GP2 had more s imi l a r  a v i a n  communities 

(Table 1 2 ) .  

Unexpected s p e c i e s  inc luded  t h e  Cooper ' s  hawk, eas te rn  

b lueb i rd ,  ru fous - s ided  towhee, American t ree  sparrow, and  house 

sparrow i n  t h e  UGP; t h e  C a r o l i n a  chickadee i n  GP1, and t h e  red- 

be l l ied  woodpecker, C a r o l i n a  chickadee, and e a s t e r n  b l u e b i r d  i n  

GP2. These s p e c i e s  were a l l  a s s o c i a t e d  w i t h  t rees  w i t h i n  t h e  

p l o t s  or a l o n g  edges of  t h e  p a s t u r e s .  N o  s p e c i e s  were unique t o  

p a s t u r e s ,  a l t h o u g h  horned l a r k s  were expec ted .  

Four teen  s p e c i e s  o f  w i n t e r i n g  birds were found i n  t h e  RFAP 

a t  t h e  FMPC (Table 9 ) .  T h e  m o s t  abundant  s p e c i e s  were t h e  

mourning dove, C a r o l i n a  chickadee, e a s t e r n  b l u e b i r d ,  American 

r o b i n ,  and  t h e  song sparrow, w h i l e  n o r t h e r n  c a r d i n a l s  and b l u e  

j a y s  were found i n  smaller numbers (Table 1 0 ) .  The RFAP b i r d  

community w a s  more similar t o  t h e  a v i f a u n a  i n  W2 t h a n  t o  any 

o t h e r  a v i a n  community (Table 12). A l l  o f  t h e  s p e c i e s  found i n  

t h e  RFAP, e x c e p t  t h e  golden-crowned k i n g l e t ,  were a l so  seen i n  

W2 (Table 9 ) .  The RFAP was a l s o  q u i t e  similar t o  PP2 .  

Avian d i v e r s i t y  was lower i n  t h e  RFAP (H' = 2.139; Table 

11) t h a n  i n  any other  deciduous habi ta t ,  b u t  was s l i g h t l y  h ighe r  

- t h a n  t h e  p i n e s  or  t h e  p a s t u r e s .  More s p e c i e s  of  ground f o r a g i n g  

seedeaters, such  as American t ree  spar rows  (Spizella arborea) ,  



w h i t e - t h r o a t e d  sparrows (Zonotrichia albicollis), a n d  dark-eyed 

juncos (Junco hyemalis), were expec ted .  N o  unique s p e c i e s  were 

found a l though  golden-crowned k i n g l e t s  were somewhat unexpec ted .  - 

The absence  of n u t h a t c h e s  and most woodpecker s p e c i e s  w a s  a l s o  

unexpec ted .  

E!ine plantations 

Eighteen  s p e c i e s  of w i n t e r i n g  b i r d s  were found i n  P P 1  and 

PP2 (Table 9 ) .  The most abundant  s p e c i e s  i n  b o t h  areas, 

c o n s t i t u t i n g  7 0 %  t o  80% of t h e  t o t a l  a v i a n  community, were 

mourning doves,  C a r o l i n a  chickadees, n o r t h e r n  c a r d i n a l s ,  and 

song spar rows  (Table 1 0 ) .  The r e l a t i v e l y  high a v i a n  community 

s i m i l a r i t y  of t h e  P P 1  and P P 2  is  shown i n  Table 1 2 .  The 

abundance of  k i n g l e t s  i n  P P 1  and t h e i r  v i r t u a l  absence  i n  P P 2  

w a s  t h e  most n o t a b l e  d i f f e r e n c e  (Table  1 0 ) .  As i n  t h e  summer, 

a v i a n  d e n s i t i e s  were greater t h a n  most o t h e r  h a b i t a t s  a l t h o u g h  

divers i t ies  (H' = 2 . 0 0 1  and 1 . 7 9 7  f o r  P P 1  and P P 2 ,  r e s p e c t i v e l y )  

were q u i t e  low (Table 11). S p e c i e s  r i c h n e s s ,  however, dropped 

d r a m a t i c a l l y  (60% t o  6 5 % )  from summer t o  w i n t e r ,  more t h a n  i n  

any o t h e r  h a b i t a t  type. N o  s p e c i e s  were unique  t o  t h e  p i n e s  

a l t h o u g h  abundance of k i n g l e t s  i n  P P 1  and t h e  numerous s i g h t i n g  

of Cooper 's  hawks i n  both p i n e s  was unexpec ted .  The n e a r l y  

complete  absence  of woodpeckers (Table 9)  as w e l l  as t h e  absence 

of p i n e  s i s k i n s  (Carduelis p i n u s )  and o t h e r  f i n c h e s  

( F r i n g i l l i d a e )  was unexpected .  



FIoodlots 

The woodlots had the  most d iverse  winter avifauna of any 

h a b i t a t  type (Table 111, w i t h  a t o t a l  of 32 species  (Table 9) 

and Shannon-Weaver d i v e r s i t i e s  (H') t h a t  ranged from 2 . 5 8  t o  

2 . 6 5 .  Avian densi ty  was s u b s t a n t i a l l y  g rea t e r  i n  W 1  than the 

o ther  woodlots and it was second only t o  P P 1  i n  o v e r a l l  avian 

abundance (Table 1 0 ) .  The woodlots were s imi l a r  i n  terms of 

spec ies  r ichness ,  d i v e r s i t y ,  dominance, and evenness (Table ll), 

although W1 and W2 had the  most s imi l a r  avian community 

s t r u c t u r e  (Table 12). P e r c e n t  s i m i l a r i t y  w a s  g r e a t e r  between W1 

and W2 than any o ther  avian communities compared. 

Although these community indices  ind ica t e  many 

s i m i l a r i t i e s ,  each of the woodlots had a d i f f e r e n t  group of 

dominant spec ies .  Eastern bluebirds  ( S i a l i a  sialis), dark-eyed 

. juncos, and American goldfinches were t h e  most abundant species 

i n  W1 whereas northern card ina ls ,  American t ree  sparrows, and 

song sparrows were most abundant i n  W2 (Table 1 0 ) .  These 

spec ies  a r e  mainly ground foraging seedeaters .  Although 

ca rd ina l s  were a l s o  an abundant species  i n  W3, t h e  o ther  

abundant species  were bark foraging species  t h a t  consume both 

insects  and seeds. These include the  downy woodpecker, Carolina 

chickadee, t u f t e d  titmouse ( P a r u s  bicolor) ,  and white-breasted 

nuthatch (Sitta carolinensis). Mourning doves, b l u e  jays,  and 

Carolina wrens (Thryothorus ludovicianus) were common i n  each 

woodlot (Table 1 0 ) .  The woodlots had 13 species  i n  common. 

Although the white-throated sparrow was unique t o  t h e  woodlots, 

t h i s  and many o the r  ground foraging sparrows a s  w e l l  a s  f inches 



2 0  

were absent or in low abundance in the woodlots and the FMPC in 

general. 

The riparian habitats along Paddy's Run were the second 

most diverse habitat (Table 111, with 28 species of wintering 

birds (Table 9). They were quite similar to each other (Table 

12), with an abundance of mourning doves and Carolina chickadees 

along both transects (Table 10). Tufted titmice were frequently 

found in both habitats. Species richness was similar. RN2 was 

slightly more diverse with greater community evenness. However, 

RN1 had greater total avian abundance (Table 10) and fewer 

species making up the bulk of the community (see Simpson 

dominance, Table 11). Belted kingfishers (Megaceryle alcyon) 

and a single sighting of a red-winged blackbird (Agelaius 

phoeniceus) represent the only species found exclusively in the 

riparian habitats. 

well as greater numbers of killdeer (Charadr ius  vociferus)  . 
More finches and sparrows were expected as 

DISCUSSION 

Although the summer avifauna of the FMPC has been studied 

by Battelle (1981), Weston (19861, and as reported in Section I, 

the winter avifauna of the FMPC has never been documented. 

Thus, this represents the second step in characterizing this 

important faunal group. 

Thirty-six species, including permanent and winter 

residents, were found at the FMPC during the winter of 1987. 

A n  additional eight species were observed flying over the FMPC 



b u t  were n o t  o b s e r v e d  u s i n g  t h e  h a b i t a t s  w i t h i n  t h e  s i r e  

b o u n d a r i e s .  Common permanent  r e s i d e n t s  were t h e  mourning dove, 

downy woodpecker, b l u e  j a y ,  C a r o l i n a  chickadee, American r o b i n ,  

n o r t h e r n  c a r d i n a l ,  song  spar row,  and  American g o l d f i n c h .  The 

most common w i n t e r  r e s i d e n t s  were t h e  American t r ee  spar row,  

white-throated spar row,  and  dark-eyed junco .  Permanent 

r e s i d e n t s  were more u b i q u i t o u s ,  abundant ,  and  r e p r e s e n t e d  a 

g r e a t e r  number of species t h a n  w i n t e r  r e s i d e n t s ,  

Abundance a n d  d i v e r s i t y  of w i n t e r  r e s i d e n t s  w a s  lower  t h a n  

e x p e c t e d .  Most of t h e  f l o c k i n g  w i n t e r  Ember i z ids  i n c l u d i n g  

American t ree  spa r rows ,  white-throated spa r rows ,  a n d  dark-eyed  

j u n c o s  were i n  l o w  abundance .  I n  a n  a n a l y s i s  of C h r i s t m a s  B i r d  

Count (CBC) data from 1938-1981 i n  Oxford,  Ohio, ( P e t e r s o n  1981)  

showed t h a t  dark-eyed j u n c o s  and  American t ree  sparrows were t h e  

4 t h  and  7 t h  most abundant  species recorded w i t h  a n  average o f  

247 .6  a n d  1 5 5 . 5  i n d i v i d u a l s ,  r e s p e c t i v e l y .  A t  t h e  FMPC t ree  

s p a r r o w s  were o n l y  abundan t  i n  W2 w i t h  a n  overal l  re la t ive  

abundance  r a n k i n g  of 1 3 t h  o u t  of 36 species. Al though juncos  

r a n k e d  5 t h  i n  relative a b u n d a n c e . a t  t h e  FMPC, t h e y  were o n l y  

abundan t  i n  W1 w i t h  depressed d e n s i t i e s  i n  b o t h  of t h e  r i p a r i a n  

habi ta ts .  P e t e r s o n  (1981)  found t h a t  white-throated spa r rows  

r a n k e d  1 6 t h  o u t  of 63 p a s s e r i n e s  recorded on Oxford  C B C ' s ;  w e  

found  t h a t  w h i t e - t h r o a t e d  sparrows ranked  1 8 t h  o u t  of 36  

species. 

A d d i t i o n a l l y ,  f o u r t e e n  species t h a t  r e g u l a r l y  w i n t e r  w i t h i n  

a 20 m i l e  r a d i u s  of downtown C i n c i n n a t i ,  Ohio (CNC 1978)  were 

e x p e c t e d  b u t  n o t  found a t  t h e  FMPC. Most of these "miss ing"  



s p e c i e s  a re  o n l y  found i n  sma l l  numbers  i n  sou thwes te rn  Ohio 

( P e t e r s o n  1981). Three  of t h e  more common species,  t h e  horned 

l a r k  ( E r e m o p h i l a  a l p e s t r i s ) ,  common g r a c k l e  ( Q u i s c a l u s  

q u i s c u l u s )  , and house f i n c h  (Carpodacus  m e x i c a n u s )  were seen on 

s e v e r a l  o c c a s i o n s  f l y i n g  o v e r  t h e  s i t e  and were p robab ly  

w i n t e r i n g  nea rby .  The most n o t a b l e  absences  were t h e  w h i t e -  

crowned spar row ( Z o n o t r i c h i a  l e u c o p h r y s ) ,  s w a m p  spar row 

( M e l o s p i z a  georgiana) , f o x  sparrow (Passerella i l i a c a )  , f i e l d  

sparrow ( S p i z e l l a  pusilla), and cedar waxwing ( B o m b y c i l l a  

cedrorum). S i n c e  t h e  l a t t e r  t w o  s p e c i e s  were p r e s e n t  i n  good 

numbers on s i t e  d u r i n g  t h e  summer ( S e c t i o n  I ) ,  a t  least  a f e w  

i n d i v i d u a l s  were expec ted  t o  o v e r w i n t e r  e s p e c i a l l y  due t o  t h e  

m i l d  s e a s o n a l  c o n d i t i o n s .  P e t e r s o n ' s  (1981) a n a l y s i s  showed 

t h a t  white-crowned sparrows were reco rded  i n  3 4  of 4 4  CBC's, 

swamp spar rows  i n  21, fox  spar rows  i n  11, f i e l d  spar rows  i n  2 9 ,  

and cedar waxwings i n  20. 

The absence  and low abundance of many w i n t e r  r e s i d e n t s  

might be a t t r i b u t e d  t o  three f a c t o r s :  

(1) The food supply ,  e s p e c i a l l y  weed seeds and  berries, as 

w e l l  as s h e l t e r  was reduced  i n  t h e  woodlots  due t o  t h e  removal 

of herbaceous  and shrubby v e g e t a t i o n  caused  by g r a z i n g  and 

bushhogging (see also Discuss ion ,  page 79, S e c t i o n  I ) .  The 

reclaimed f l y  a s h  p i l e  w a s  impacted s i m i l a r l y  by FMPC 

o p e r a t i o n s ,  i n c l u d i n g  t h e  removal of t h e s e  v e g e t a t i v e  l a y e r s  by 

b u l l d o z i n g  and  t h e  compaction o f  t h e  herbaceous  l a y e r  by  

v e h i c l e s .  Meents e t  a l .  (1982) concluded t h a t  t h e  abundance of 

w i n t e r i n g  sage spar rows  (Amphispiza b e l l i )  were associated w i t h  



an inkweed s h r u b  (Suaeda t o r r e y a m a ) .  Similar ly ,  Townsend's 

s o l i t a i r e s '  ( M y a d e s t e s  t o w n s e n d i )  winter abundance pa t t e rn  was 

h i g h l y  co r re l a t ed  w i t h  i t s  prefer red  p lan t  food, t he  juniper 

( J u n i p e r u s  s p . )  berry (Bock 1982). The cedar waxwing, an absent 

FMPC species ,  feeds almost e n t i r e l y  on b e r r i e s  ( 9 7 % )  during the  

winter,  e spec ia l ly  red cedar ( J u n i p e r u s  v i r g i n i a n a ;  Martin e t  

a l .  1951)  which was i n  low abundance a t  t he  FMPC (Section I ) .  

However, t h e  eas te rn  bluebird,  a r e l a t e d  species ,  only depends 

on b e r r i e s  f o r  39% of i t s  w i n t e r  food (Martin e t  a l .  1951) and 

was abundant i n  W1 and W2. Lewke (1982) found t h a t  invading 

winter residents i n  ea s t e rn  Washington usual ly  foraged i n  t h e  

shrub-tree physiognomic type ( s imi l a r  t o  FMPC woodlots) a t  t h e  

height of 1-9m. These s t u d i e s  suggest t h a t  t h e  w i n t e r  res idents  

would be most a f f e c t e d  by FMPC land management p r a c t i c e s  t h a t  

remove low weedy and shrubby vegetat ion.  

(2) Warm temperatures and l i t t l e  snow cover throughout t he  

M i d w e s t  may have reduced t h e  usual number of northern breeders 

forced t o  w i n t e r  i n  southern Ohio. ' 

( 3 )  Northern breeders may have had a poor reproductive 

season. 

Lower than normal populations of w i n t e r  r e s iden t s  were 

noted during l o c a l  1986 C B C ' s  (personal observations of RHS and 

DRO) which may support hypotheses 2 and 3 .  W e  f e e l  t h a t  a 

combination of FMPC management p rac t i ces  (hypothesis 1) and 

weather condi t ions (hypothesis 2 )  were probably responsible  f o r  

t h e  absence and low abundance of many w i n t e r  r e s iden t s .  



Habitat  f r agmen ta t ion  i s  p robab ly  a n o t h e r  f a c t o r  a f f e c t i n g  

w i n t e r  a v i a n  community s t r u c t u r e  a t  t h e  FMPC (see S e c t i o n  I f o r  

summer e f f e c t s ) .  The abundance of ba rk  g l e a n e r s  w a s  low i n  t h e  

RFAP, W1 and  W2 when compared t o  W3 (Tab le  10 )  and may be 

re la ted t o  t h e  smaller s i z e  of t h e  t h e  wooded areas i n  

W1, and W 2 .  B l a k e  (1983) a lso found greater abundance of  b a r k  

f o r a g e r s  i n  larger deciduous f o r e s t  p a t c h e s  t h a n  i n  smaller 

ones .  Yahner (1985) ,  however, sugges t ed  t h a t  w i n t e r  b i r d  

communities,  e s p e c i a l l y  permanent r e s i d e n t s  ( t h i s  would i n c l u d e  

bark f o r a g e r s ) ,  may be less s e n s i t i v e  t o  forest  f r a g m e n t a t i o n  

t h a n  b r e e d i n g  b i r d  communities i n  n o r t h e r n  l a t i t u d e s .  T h e  a v i a n  

community i n  the  RFAP may a l so  b e  affected by  t h e  s m a l l  t o t a l  

area occup ied  by t h e  h a b i t a t ,  t h u s  r educ ing  t h e  chance of a 

s p e c i e s  o c c u r r i n g  there. 

RFAP,  

The p a s t u r e s  ( e s p e c i a l l y  UGP and GP2) w e r e  t h e  o n l y  

h a b i t a t s  w i t h  higher t h a n  expected a v i a n  species r i c h n e s s  

and 10, r e s p e c t i v e l y )  and d i v e r s i t y  (2 .096  and  1.940,  

r e s p e c t i v e l y ) .  

p a s t u r e d ,  c u l t i v a t e d ,  or s u c c e s s i o n a l  g r a s s l a n d s  of t h e  sou th -  

c e n t r a l  U . S .  ranged from one t o  s i x  (Grzybowski 19821, s i m i l a r  

t o  t h a t  of the most h i g h l y  g razed ,  open p a s t u r e ,  GP1. High 

r i c h n e s s  and d i v e r s i t y  were a t t r i b u t e d  t o  t h e  p r e s e n c e  of trees 

i n  t h e  p a s t u r e s  i n  combinat ion w i t h  a d j a c e n t  wooded hab i t a t s .  

All species i n  each  p a s t u r e  used  available trees as song P o s t s  

(e.g. ,  eastern meadowlarks), h u n t i n g  p e r c h e s  (e .g . ,  American 

kes t re l s ) ,  foraging sites (e.g. ,  downy and red-bellied 

woodpeckers, n o r t h e r n  f l i ckers ,  C a r o l i n a  c h i c k a d e e s )  or shelter 

( 1 9  

Winter  a v i a n  species r i c h n e s s  r e p o r t e d  f o r  



(e.g., song sparrows by fallen trees). Trees were serving as 

narrow corridors for resting (e.g., mourning doves, American 

robins, northern cardinals) and foraging as birds moved from one 

wooded habitat to another. 

Eastern meadowlarks in GP1 and golden-crowned kinglets in 

P P 1  had unusually high population densities onsite, both of 

which were in greater abundance as compared to Peterson's (1981) 

analysis of CBC data. Abundance of meadowlarks may be 

attributed to warm weather conditions and the open character and 

short grass in GP1. Few pastures of this nature are found in 

southwestern Ohio (personal observation). Abundance of kinglets 

may be explained by the mere existence of relatively large 

tracts of coniferous trees, which is a preferred winter foraging 

habitat. 

of kinglets in PP1 and virtual absence in PP2. 

No explanation can be offered for the high abundance 

Seasonal changes in avian community structure were evident 

by reductions in species richness, species diversity, and avian 

density from summer to winter at the FMPC. Avian species 

richness ranged from 18-54 species during the summer (Section I) 

as compared to 9-21 species in this study. All habitats showed 

reduced richness in wintering birds. The bird community 

decreased from 52-72% in 6 of the 11 habitats sampled. 

Percentage decreases were similar across habitat type: 52 and 

. '63% for the 2 riparian, 25-40% f o r  the 3 woodlot, and 61 and 65% 

. for the 2 pine habitats. GP1 showed the highest seasonal 

decrease in species richness ( 7 2 % ) .  



Summer a v i a n  d i v e r s i t i e s  ( H ' )  ranged from 1 . 6  t o  3 . 5  a n d  

2 6  

w i n t e r  d i v e r s i t i e s  from 1 . 7 - 2 . 6 .  All 8 of t h e  wooded h a b i t a t s  

showed a w i n t e r  r e d u c t i o n  i n  a v i a n  s p e c i e s  d i v e r s i t y  whereas 

d i v e r s i t y  i n  2 of t h e  3 p a s t u r e  h a b i t a t s  i n c r e a s e d .  Greatest 

s e a s o n a l  d e c l i n e s  were found i n  t h e  r i p a r i a n  communities ( H '  = 

3 . 6  - summer v s .  H' = 2.3 - w i n t e r ) .  

Avian d e n s i t i e s  i n  t h e  summer ranged from 157-2720  b i r d s  

p e r  40  ha ( S e c t i o n  I )  and  w i n t e r  d e n s i t i e s  from 11-380 b i rds  p e r  

40 ha .  

w i t h  an  average d e c l i n e  o f  almost 7 0 % .  T h e  greatest  r e d u c t i o n  

All habi ta t s  showed a w i n t e r  r e d u c t i o n  i n  a v i a n  d e n s i t y  

i n  numbers o c c u r r e d  i n  t h e  p i n e s  and p a s t u r e s  w i t h  ave rage  

d e c l i n e s  of 87 and 85%, r e s p e c t i v e l y .  P a t t e r n s  of  decreased 

a v i a n  species r i c h n e s s ,  d i v e r s i t y ,  and d e n s i t y  have a l so  been 

shown by Anderson and O h m a r t  (1983) i n  many o f  t h e  hab i t a t s  o f  

t h e  lower Colorado Rive r  v a l l e y .  

Winter  species r i c h n e s s  r e p o r t e d  by Anderson and O h m a r t  

(1983) ranged  from 8 t o  28 s p e c i e s  compared t o  5 t o  2 1  i n  t h i s  

s t u d y .  T h e i r  a v i a n  divers i t ies  (1.55-2.64) were comparable t o  

t h i s  s t u d y  (1.797-2.6461, e x c e p t  for  t h e  l o w  d i v e r s i t y  i n  GP1 

(0.293). However, t h e y  d id  n o t  sample any a v i a n  communities i n  

p a s t u r e s .  The r ange  of w i n t e r  d e n s i t i e s  were a l so  s i m i l a r  t o  

t h i s  s t u d y  (28-529 vs.  11-380 b i r d s / 4 0  h a ) .  

Although avian community s t r u c t u r e  p a r a m e t e r s  dif fered 

s e a s o n a l l y ,  g e n e r a l l y ,  t h e  most common species found i n  t h e  

I summer (see S e c t i o n  I )  were also q u i t e  abundant  i n  t h e  w i n t e r .  

Mourning doves, Carolina ch ickadees ,  song sparrows, n o r t h e r n  

c a r d i n a l s  i n c r e a s e d  i n  re la t ive  abundance whereas American 



r o b i n s  a n d  American g o l d f i n c h e s  d e c r e a s e d  i n  r e l a t i v e  abundance .  

Mourning doves  showed an  i n c r e a s e d  r e l a t i v e  abundance i n  1 0  of 

11 h a b i t a t s ,  a v e r a g i n g  a 6% i n c r e a s e .  Chickadees,  song 

spa r rows ,  and  c a r d i n a l s  i n c r e a s e d  i n  9, 7, and  6 of 11 h a b i t a t s  

a v e r a g i n g  10,  13, and  5% i n c r e a s e s ,  r e s p e c t i v e l y .  Al though 

g o l d f i n c h e s  i n c r e a s e d  i n  re la t ive abundance i n  6 h a b i t a t s ,  t h e y  

showed larger decreases i n  5 h a b i t a t s  for  an  ove ra l l  decrease i n  

re la t ive  abundance .  Robins  averaged a n  11% d e c l i n e  i n  r e l a t i v e  

abundance  f o r  10  of t h e  11 habi ta t s .  

OWLS 

METHODS 

E a s t e r n  s c r e e c h  owls ( O t u s  a s i o ) ,  great ho rned  o w l s  ( B u b o  

virginianus), a n d  barred owls ( S t r i x  varia) were c e n s u s e d  by 

s t a n d a r d  p l ayback  t e c h n i q u e s  ( F u l l e r  a n d  Mosher 1981; Johnson e t  

a l .  1 9 8 1 ) .  Censuses  were c o n d u c t e d  from 5 December, 1986 t o  4 

F e b r u a r y ,  1987.  Eight 600m t r a n s e c t s  i n  t h e  wooded habi ta t s  

( F i g .  1) were c e n s u s e d  6 t i m e s  f o r  s c r e e c h  owls a n d  twice f o r  

great h o r n e d  a n d  barred owls. Because b r e e d i n g  t e r r i to r ies  were 

u n l i k e l y  i n  p a s t u r e s ,  these habi ta t s  were c e n s u s e d  o n l y  once .  

C e n s u s i n g  began s h o r t l y  a f te r  s u n s e t  a n d  ended  by  2300 h r s .  

Pre-recorded tapes of e a c h  species were p l a y e d  on separate 

n i g h t s  a t  100 m i n t e r v a l s  a l o n g  each t r a n s e c t .  The s t i m u l u s  

c o n s i s t e d  of a series of t h r e e  cal ls  followed by  a one  minute  

p a u s e .  

w a s  min imized  b y  a l t e r n a t i n g  species, u s i n g  vocal mimicry,  o r  

. 

U p  t o  12  ca l l s  were p l a y e d  a t  e a c h  s t a t i o n .  H a b i t u a t i o n  



using taped recordings of capt ive  b i r d s  ( F u l l e r  and Mosher 

1 9 8 1 ) .  Responding ind iv idua ls  were spot-mapped f o r  each census 

per iod.  Cluster ing of t he  mapped responses were used t o  

de l inea te  t e r r i t o r i e s  and optimal screech owl h a b i t a t .  

Visual s igh t ings  during our summer and w i n t e r  b i r d  censuses, 

counts a t  d u s k ,  and repor t s  of owls b y  s e c u r i t y  (WMCO) were a l s o  

u s e d  t o  s u b s t a n t i a t e  breeding t e r r i t o r i e s  and t h e  presence of 

migrant spec ie s .  

RESULTS 

Censusing of t he  t r a n s e c t s  i n  t h e  wooded h a b i t a t s  d i sc losed  

15 screech owl t e r r i t o r i e s  on t h e  FMPC (Fig.  3 ) .  The r i p a r i a n  

t r a n s e c t s  supported 6 breeding p a i r s ,  each of t h e  woodlots two, 

and t h e  pine p l an ta t ions  t h r e e .  The pas tures  and t h e  reclaimed 

f l y  ash p i l e  d i d  not support any breeding owls. 

was recorded o f f s i t e  near t h e  wes te rn  boundary. Riparian 

h a b i t a t s  a r e  optimal screech owl h a b i t a t s  on t h e  FMPC followed 

by woodlots and t h e n  pine p l an ta t ions  (Fig.  4 ) .  However, 

because screech owl t e r r i t o r i e s  i n  t h e  pines  were adjacent  t o  

woodlots w e  be l ieve  t h a t  t h e  pine communities are only marginal 

breeding h a b i t a t s  and t h e  owl t e r r i t o r i e s  were probably centered 

o f f  our t r a n s e c t s  in t h e  woodlots. 

One t e r r i t o r y  

Based upon t h e  a rea  (155.5 ha) of t h e  woodlot,pine and 

r i p a r i a n  h a b i t a t s  (Section I ) ,  w e  es t imate  t h e  FMPC s u s t a i n s  a 

t o t a l  of 2 9  t e r r i t o r i a l  p a i r s ,  including 3 p a i r s  along t h e  storm 

sewer o u t f a l l .  Computed screech owl d e n s i t i e s  a r e  14 pai rs /40  

ha f o r  t h e  r i p a r i a n  h a b i t a t s  and 6 pa i r s / lO ha f o r  t h e  woodlots. 



N o  bar red  owls were recorded on t h e  FMPC during t h e  winter 

owl census nor during our summer and winter  b i r d  censuses .  O n e  

i n d i v i d u a l  was recorded c a l l i n g  on three  sepa ra t e  occasions from 

an o f f s i t e  woodlot w e s t  of Paddy's Run Road. 

O n l y  one g r e a t  horned owl responded during our playback 

c e n s u s e s .  The i nd iv idua l  w a s  recorded a t  t h e  nor thern  end of 

W3. Analysis of summer breeding b i r d  censuses  (Sec t ion  I )  and 

w i n t e r  b i r d  censuses ( t h i s  s e c t i o n )  revealed numerous s i g h t i n g s  

of g r e a t  horned owls (F ig .  5 ) .  Except f o r  t h e  pas tured  and f l y  

ash h a b i t a t s ,  g r e a t  horned o w l s  were w i d e l y  d i s t r i b u t e d  

throughout t h e  FMPC. C lus t e r ing  of s i g h t i n g s  sugges ts  an 

a c t i v i t y  center i n  t h e  r i p a r i a n  habi ta t  west of p i t  3, and one 

i n  t h e  woodlot northwest of t h e  southern p ine  p l a n t a t i o n  (PP2). 

Another a c t i v i t y  c e n t e r  (probably feeding and roos t ing )  w a s  i n  

t h e  nor thern  p ine  p l a n t a t i o n  ( P P 1 ) .  However, t h i s  p a i r  probably 

nested i n  t h e  woodlot no r th  of PP1. Unfortunately t h e  small  

s i z e  of t h i s  woodlot p roh ib i t ed  t h e  establ ishment  of a 600m 

t r a n s e c t .  A f o u r t h  a c t i v i t y  c e n t e r  appears t o  be i n  W3 i n  t h e  

NW corner  of t h e  FMPC. Thus, there were about 2 p a i r s  of g rea t  

horned owls on t h e  364.5 ha s i te  dur ing  the  summer, and 2 p a i r s  

du r ing  t h e  winter .  

habitats,  162.8 ha ( 4 4 . 4 % )  of t h e  364.5 ha s i t e .  T h i s  

r e p r e s e n t s  a d e n s i t y  of 1 pa i r /1 .82  km2 f o r  t he  FMPC o r  1 

pair /O.  81 km2 of usable  h a b i t a t .  

Great horned owls occupied only  t h e  wooded 

2 2 0  
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DISCUSSION 

O n l y  two s p e c i e s  of  owls were found on t h e  FMPC. T h e y  

i n c l u d e d  t h e  eas te rn  screech o w l  and  t h e  g r e a t  horned owl. 

Absent  from our  surveys  were b a r r e d  owls,  s h o r t - e a r e d  owls  ( A s i o  

f l a m e u s ) ,  long-eared owls ( A .  o t u s ) ,  n o r t h e r n  saw-whet owls  

( A e g o l i u s  a c a d i c u s )  , common barn-owls ( T y t o  a l b a )  , and snowy 

owls ( N y c t e a  scand iaca)  . 
The b a r r e d  owl i s  an  uncommon w i n t e r  r e s i d e n t  i n  

sou thwes te rn ,  Ohio (Trautman and Trautman 1968) and  p r e f e r s  

large woods and r e q u i r e  s t a n d s  t h a t  are s u f f i c i e n t l y  mature  t o  

p r o v i d e  numerous n e s t i n g  and  r o o s t i n g  ho l lows .  Such c l imax  

s t a n d s  of timber are a b s e n t  on t h e  FMPC ( S e c t i o n  I ) .  

T h e  mig ran t  short-eared owl and  long-eared  o w l  are most 

f r e q u e n t l y  observed i n  w i n t e r  i n  t h e  n o r t h e r n  and  w e s t e r n  h a l f  

of  Ohio (Trautman and Trautman 1 9 6 8 ) .  Craighead and Craighead 

(1969) r e p o r t  s h o r t - e a r e d  owls roost communally i n  f i e lds  of 

dense  t i m o t h y  (Phleum p r a t e n s e ) ,  f o x - t a i l  grass ( S e t a r i a  s p . )  o r  

brome-grass (Bromus sp . )  which s u p p o r t  h i g h  p o p u l a t i o n s  of 

meadow voles (Microtus p e n n s y l v a n i c u s ) .  These v e g e t a t i v e  c o v e r s  

and p r e y  s p e c i e s  were n o t  abundant  th roughout  t h e  FMPC d u r i n g  

f a l l - w i n t e r  1986 (Appendix A, P a r t  I ) .  The uncommon long-eared  

owl i s  a . w i n t e r  r e s i d e n t  which r o o s t s  communally i n  c o n i f e r o u s  

woods. Roosts i n  Michigan averaged 7 owls p e r  roost;  one  s p r u c e  

s t a n d  i n  Ann Arbor township averaged 12 i n d i v i d u a l s  (Craighead 

and Cra ighead  1 9 6 9 ) .  

The n o r t h e r n  saw-whet owl i s  an a c c i d e n t a l  t o  rare w i n t e r  

r e s i d e n t  i n  sou thwes te rn  Ohio (Trautman and Trautman 1968) and 



r a r e l y  detected on C h r i s t m a s  B i rd  Counts  i n  s o u t h w e s t e r n  Ohio .  

I t  prefers  t o  r o o s t  i n  d e n s e  young e v e r g r e e n s  o r  t h i c k e t s .  

S i z e a b l e ,  b u t  e r r a t i c  o v e r w i n t e r i n g  p o p u l a t i o n s  have been  

r e p o r t e d  i n  Winton Woods a n d  i n  M i a m i  Whitewater Forest ,  

Hamil ton County,  Ohio (Randle  a n d  A u s t i n g  1952; A u s t i n g  and  

Imbrogno 1 9 7 6 ) .  

The common barn-owl i s  a rare t o  uncommon breeder i n  Ohio 

(Trautman and  Trautman 1968)  a n d  was n o t  e x p e c t e d  t o  be on s i t e .  

I t  i s  l i s t e d  as a t h r e a t e n e d  species i n  Ohio (DNAP-ODNR 1 9 8 2 ) .  

Recent  n e s t i n g s  have been  r e p o r t e d  for  Ross County, Ohio and  

n e s t i n g  programs have been  deve loped  i n  b a r n s  and  o ld  b u i l d i n g s  

a d j a c e n t  t o  good g r a s s l a n d  habi ta t  (Gray 1 9 8 6 ) .  

Snowy o w l s  are a c c i d e n t a l  t o  rare w i n t e r  m i g r a n t s  i n  Ohio 

(Trautman a n d  Trautman 1968)  a n d  are n o t  recorded a n n u a l l y .  

They have been  r e p o r t e d  e v e r y  t w o  or  three y e a r s  i n  t h e  

C i n c i n n a t i  area (Osborne, S p e r g e r ,  p e r s o n a l  o b s e r v a t i o n s )  . 
Thus, t h e  lack of a n  i n f l u x  of w i n t e r i n g  owls on t h e  FMPC seems 

related t o  s u b o p t i m a l  habi ta ts  for  cover or f o r  s u p p o r t i n g  

adequate d e n s i t i e s  of p r e y .  

S c r e e c h  owls were t h e  most abundan t  n o c t u r n a l  a v i a n  p r e d a t o r  

R i p a r i a n  h a b i t a t s  s u p p o r t e d  1 4  p a i r s / 4 0  ha and  t h e  on t h e  FMPC. 

woodlots 6 pairs/4O ha .  Our d e n s i t y  v a l u e s  f o r  t h e  r i p a r i a n  

habi ta ts  on s i t e  are much lower t h a n  have been  r e p o r t e d  for 

screech owls i n  o t h e r  r i p a r i a n  s y s t e m s .  Johnson e t  a l .  (1981)  

recorded 90 p a i r s / 4 0  h a  i n  a cot tonwood-mesqui te  ( P o p u l u s  

fremontii-Prosopis v e l u t i n a )  h a b i t a t  on t h e  S a l t  River n e a r  

Phoenix ,  Ar i zona .  I n  a s imi la r  community, P h i l l i p s  e t  a l .  
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( 1 9 6 4 )  repor ted  t e r r i t o r i a l  p a i r s  occur r ing  "100 yards" a p a r t .  

Johnson e t  a l .  (19811, i n  a c e n s u s  of mesquite bosques along t h e  

S a l t  River,  had screech owls spaced a s  c l o s e l y  a s  50m a p a r t ,  t he  

h ighes t  breeding d e n s i t y  recorded f o r  screech owls i n  North 

America. Distances  between ad jacent  screech o w l  p a i r s  i n  our 

r i p a r i a n  h a b i t a t s  averaged 130m ( N = 4 ) ,  whereas p a i r s  i n  woodlots 

averaged 217m ( N = 4 )  a p a r t .  P h i l l i p s  e t  a l .  ( 1 9 6 4 )  r e p o r t  t h a t  

screech owls are gene ra l ly  widely spaced a t  approximately 100  

meters between p a i r s  i n  woodlands. Thus ,  screech owl d e n s i t i e s  

on t h e  FMPC appear t o  be normal f o r  r i p a r i a n  and woodlot 

systems. 

W e  es t imated  2 p a i r s  of g r e a t  horned owls u t i l i z i n g  t h e  

FMPC. Centers  of a c t i v i t y  included t h e  nor thern  p ine  

p l a n t a t i o n ,  borders  of  woodlots, and r i p a r i a n  habi ta t s .  We have 

no evidence of great horns n e s t i n g  i n  t h e  p i n e s .  

used t h i s  h a b i t a t  f o r  r o o s t i n g  or feeding .  Most of  t h e  

s i g h t i n g s  i n  P P 1  were of b i r d s  f lushed  while conducting e a r l y  

morning foot surveys on summer and win ter  av ian  popu la t ions .  

P r e f e r r e d  n e s t i n g  sites for g r e a t  horned owls i n  Ohio a r e  former 

red-tailed hawk (Buteo jamafcensis) n e s t s ,  t ree hollows, and  

a r b o r e a l  s q u i r r e l  n e s t s  (Kirkley and Spr inger  1980) .  Such s i t e s  

are no t  available i n  t h e  p i n e  p l a n t a t i o n s .  

They probably 

Our d e n s i t y  value of 1 pa i r /0 .81  km2 of u sab le  h a b i t a t  w a s  

cons iderably  h igher  than  d e n s i t i e s  prev ious ly  r epor t ed  f o r  Ohio. 

Ki rk ley  and Springer  (1980) r epor t ed  an owl d e n s i t y  of one 

n e s t i n g  p a i r  p e r  8.2 km2 f o r  a 483.6 km2 s i t e  near  Delaware, 

Ohio. Cornmann (1973) and Misz ta l  (1974)  r epor t ed  d e n s i t i e s  of 
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8 2 . 9  and 171.7 km2 per nest ing p a i r ,  respec t ive ly ,  for other  

Ohio s i t e s .  Counts of responses t o  taped c a l l s  revealed 

d e n s i t i e s  of 1 pa i r / lO km2 i n  a 293  km2 area i n  Wood County, 

Ohio ( S i m i n i s k i  1 9 7 6 ) .  

O u r  higher d e n s i t i e s  may be r e l a t e d  t o  t h e  clumped' 

populations of c o t t o n t a i l  r abb i t s  (Sylvilagus floridanus) on 

s i t e  ( t h i s  s e c t i o n ) .  Great horned owl population d e n s i t i e s  have 

been shown t o  cycle  w i t h  snowshoe hare (Lepus americanus) 

d e n s i t i e s  i n  c e n t r a l  Alberta (McInvaille and K e i t h  1 9 7 4 ) .  Hares 

cons i s t en t ly  ranked f i rs t  over a s i x  year per iod a s  t h e  most 

important prey ( %  biomass) of n e s t l i n g s .  Similar  prey 

preferences were reported by Marti ( 1 9 7 4 )  who found c o t t o n t a i l  

r a b b i t s  cons t i t u t ed  over 60% of t h e  prey biomass of grea t  horned 

owls i n  north-central  Colorado. Other  prefer red  mammalian prey 

i n c l u d e  Peromyscus sp .  and meadow voles  (Marti 1 9 7 4 ;  McInvaille 

and Keith 1 9 7 4 ) .  White-footed mice (Peromyscus leucopus 

noveboracensis) were common i n  3 of t h e  6 h a b i t a t s  censused a t  

t h e  FMPC, whereas meadow voles were q u i t e  r a re ;  t h e  p r a i r i e  deer 

mouse (P. maniculatus bairdii) w a s  not found (Appendix A, Par t  

1) 

A common avian prey of grea t  horned owls a r e  mourning doves 

(Zenaida macroura). 

horned owls i n  c e n t r a l  Ohio (Springer and K i r k l e y  1978).  O f  1 7  

species ,  21% were doves. Dove d e n s i t i e s  ( 4 1 1  birds/40 ha) were 

t h e  highest  i n  t h e  northern pine p l an ta t ion  during summer, 1 9 8 6  

(Section I )  and w i n t e r  1986 ( t h i s  s ec t ion )  and probably 

represents  another important food resource f o r  grea t  horned owls 

Birds comprised 34% of t h e  d i e t  of grea t  



on s i t e .  We observed  many dove k i l l s  ( 1 0 - 1 5 / 6 0 0  m t r a n s e c t )  

d u r i n g  o u r  c e n s u s e s  of t h e  n o r t h e r n  p i n e s  ( P P l ) ,  a l t h o u g h  t h e i r  

cause  of death cannot  p o s i t i v e l y  be a t t r i b u t e d  t o  g r e a t  horned 

owl p r e d a t i o n .  An a n a l y s i s  of p e l l e t s  from r o o s t  s i t e s  i s  

needed t o  f u r t h e r  s u b s t a n t i a t e  these hypo theses .  

SUMMARY 

The FMPC suppor t ed  r e l a t i v e l y  h igh  d e n s i t i e s  o f  screech owls 

and g r e a t  horned owls .  Screech  owl d e n s i t i e s  ( 1 4  p a i r s / 4 0  ha)  

were h ighes t  i n  t h e  r i p a r i a n  habi ta t s  a l o n g  Paddy ' s  Run. Great 

horned owl d e n s i t i e s  (1 p a i r / 0 . 8 1  km2) o f  u s a b l e  hab i t a t  are 

higher  t h a n  p r e v i o u s l y  r e p o r t e d  f o r  Ohio and  may be related t o  

t h e  d e n s i t i e s  of rabbi ts  and  doves on s i t e .  Habitats on t h e  

FMPC are n o t  s u i t a b l e  f o r  b r e e d i n g  barred owls and  barn-owls,  o r  

f o r  ove r -win te r ing  short-eared, long-eared,  saw-whet, and  snowy 

owls .  

Sc reech  owls r e a d i l y  responded t o  p l aybacks  of t a p e d  c a l l s  

i n  mid-December, b u t  ceased responding  by t h e  end  of  J a n u a r y .  

Only one great horned owl responded, y e t  numerous i n d i v i d u a l s  

were detected on o u r  summer and w i n t e r  b i rd  c e n s u s e s .  S iminsk i  

(1976) found t h a t  it took  26 ca l l s  t o  e l i c i t  r e s p o n s e s  f r o m  

great  horned o w l s  i n  Wood County, Ohio; w e  p l a y e d  o n l y  12 a t  

each  s t a t i o n .  However, S p r i n g e r  (1978) r e p o r t e d  t h e  r e l a t i v e  

e f f e c t i v e n e s s  of foot  s u r v e y s  (95  and 95.8%) for  great horned 

owl p o p u l a t i o n s  i n  c e n t r a l  Ohio was h i g h e r  t h a n  w i t h  p layback  

r e c o r d i n g  s u r v e y s  (72 and 87 .5%)  i n  l o c a t i n g  66 known p a i r s  of 

owls. 
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RABBITS 

METHODS 

E a s t e r n  c o t t o n t a i l  r a b b i t s  (Sylvilagus f l o r i d a n u s )  were 

censused  from 25 June t o  25 J u l y ,  1986  u s i n g  a f i x e d - w i d t h  l i n e  

t r a n s e c t .  Each o f  t h e  11 permanent t e r r e s t r i a l  t r a n s e c t s  ( F i g .  

1) was c e n s u s e d  1 2  times. Censuses began from 1 / 2  t o  3 hrs 

a f t e r  s u n r i s e  and ended b e f o r e  1100 h o u r s .  E f f e c t i v e  d e t e c t i o n  

wid th  of  t h e  s t r i p s  w a s  13 m f o r  t h e  p i n e s ,  20 m f o r  t h e  

r i p a r i a n ,  30 m f o r  t h e  woodlots,  50 m f o r  t h e  f l y  ash p i l e ,  and 

100 m f o r  t h e  p a s t u r e s .  W e  a l s o  r eco rded  t h e  t o t a l  t i m e  it took  

t o  complete  each census .  Abundance was c a l c u l a t e d  f o r  each 

t r a n s e c t  i n  terms o f  t h e  average  number of rabbi t s  p e r  census 

and t h e  ave rage  number p e r  sampling e f f o r t .  Dens i ty  estimates 

were c a l c u l a t e d  for  each habi ta t  based upon areas r e p o r t e d  

ear l ie r  ( S e c t i o n  I )  and compared t o  d e n s i t i e s  p r e v i o u s l y  

reported for o n s i t e  and o f f s i t e  p o p u l a t i o n s .  

RESULTS 

Eighty-two rabbits were reco rded  on o u r  132 censuses  of t h e  

t r a n s e c t s .  T h e  d i s t r i b u t i o n  and abundance of c o t t o n t a i l s  on t h e  

FMPC was h i g h l y  variable (Table 1 3 ) .  Only one rabbi t  was 

encoun te red  i n  t h e  t h r e e  p a s t u r e d  habi ta t s ;  t h e y  comprised 55 .3% 

(201.7 ha) of t h e  v e g e t a t e d  area on s i te .  Thus, ove r  55% of t h e  

h a b i t a t  on t h e  FMPC was n o t  conducive t o  c o t t o n t a i l  u s e .  

T h e  most p r o d u c t i v e  c o t t o n t a i l  h a b i t a t s  were t h e  p i n e  

p l a n t a t i o n s .  The n o r t h e r n  p i n e s  ( P P l )  and s o u t h e r n  p i n e s  ( P P 2 )  
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averaged 3 . 0 8  and 1 . 0 8  r abb i t s  per census, r e spec t ive ly .  O f  che  

82  r a b b i t s  scored during our censuses, 50 (61%) were from the  

pine p lan t ings .  Average c o t t o n t a i l  d e n s i t i e s  ranged from 1 . 3 7 -  

3 . 9 5  r abb i t s  p e r  ha i n  these  communities. 

Similar p a t t e r n s  of abundance e x i s t  when the  da ta  i s  

analyzed per u n i t  e f f o r t  of time spent censusing (Table 1 3 ) .  I n  

1 0  hours of censusing we would expect t o  encounter 30 r a b b i t s  i n  

PP1 and 1 4  i n  P P 2 .  

The woodlots, reclaimed f l y  ash p i l e  and r i p a r i a n  h a b i t a t s  

supported low t o  moderate numbers of c o t t o n t a i l s .  In t r a -  and 

i n t e r h a b i t a t  differences i n  c o t t o n t a i l  abundance and dens i ty  of 

these communities were highly va r i ab le .  

degree of v a r i a t i o n  of population abundance w i t h i n  h a b i t a t s  i t  

Because of t h e  high 

is d i f f i c u l t  t o  determine t h e  t o t a l  dens i ty  of r a b b i t s  on t h e  

FMPC. Together t h e  pine p l an ta t ions  supported 1 0 6  c o t t o n t a i l s  

per 4 0 . 1  ha of evergreen h a b i t a t  on s i t e .  Total  es t imated 

dens i ty  i s  about 1 4 2  r a b b i t s  f o r  t h e  364.5 ha s i t e  (0 .39/ha) ,  o r  

1 4 2  c o t t o n t a i l s / l 6 4  ha (0.87/ha) of occupied h a b i t a t .  

DISCUSSION 

I n t r a -  and i n t e r h a b i t a t  d i f fe rences  i n  r a b b i t  d i s t r i b u t i o n ,  

abundance and dens i ty  on s i t e  a r e  probably r e l a t e d  t o  t h e  degree 

of h a b i t a t  fragmentation by browsing c a t t l e ,  mowing and 

bushhogging i n  t h e  woodlots a f f e c t i n g  t h e  herbaceous cover 

important t o  r abb i t  usage. However, t he  r e l a t i o n s h i p s  a r e  not 

c l e a r c u t .  R N 1  had 10 r a b b i t s  per  12 censuses and RN2 had 2;  

shrub dens i ty  w a s  8542 and 2458 per ha, r e spec t ive ly  (Section 
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I ) .  Conver se ly ,  W3 had t h e  h i g h e s t  number of r a b b i t s  o f  t h e  

wood lo t s  sampled, b u t  t h e  lowes t  d e n s i t y  of s h r u b s  (Wl-7375, w2- 

3 6 2 4 ,  W3-2625 s h r u b s / h a ) .  A l l  woodlo ts  were presumed t o  be 

s u b j e c t e d  t o  s imilar  l a n d  management p r a c t i c e s ,  a l t h o u g h  o u r  

f i e l d  s u r v e y s  s u g g e s t e d  less bushhogging  o c c u r r e d  i n  W3. The 

p i n e  p l a n t a t i o n s  o f f e r  t h e  greatest  p r o t e c t i o n  t o  c o t t o n t a i l s  on 

s i t e .  Rabbit d e n s i t i e s  i n  t h e  n o r t h e r n  p i n e s  were 3 t i m e s  

h igher  t h a n  i n  t h e  s o u t h e r n  s t a n d  ( 3 . 9 5  vs 1.37/ha,  

r e s p e c t i v e l y ) .  I n t r a h a b i t a t  rabbi t  p o p u l a t i o n  d i f f e r e n c e s  may 

be re la ted  t o  t h e  fact  t h a t  P P 1  i s  much more d e n s e  t h a n  P P 2 .  

L i t t e r  ( m o s t l y  p i n e  n e e d l e s )  a c c o u n t e d  for  35% of t h e  ground 

cover i n  P P 1  a n d  o n l y  16% i n  PP2;  tree d e n s i t i e s  were 749/ha i n  

P P 1  as compared t o  489/ha i n  PP2 ( S e c t i o n  I ) .  

Pomeroy e t  a l .  (1977)  and  Battelle (1981)  l i s ts  t h e  e a s t e r n  

c o t t o n t a i l  as o n e  of t h e  m o s t  common species of n a t i v e  mammals 

on s i t e .  Bat te l le  (1981)  s u g g e s t s  t h e i r  average o n s i t e  

d e n s i t i e s  of less t h a n  2 /ha  are lower t h a n  t o  be e x p e c t e d  i n  

s u r r o u n d i n g  areas b e c a u s e  of e x t e n s i v e  mowing and  g r a z i n g  o v e r  

much of t h e  FMPC. W e  found a d e n s i t y  of 142 rabbi t s  f o r  t h e  

364 .5  ha s i te  ( 0 . 3 9 / h a ) ,  o r  a b o u t  0 .87 /ha  of o c c u p i e d  h a b i t a t .  

Except  f o r  the p i n e  s t a n d s  c o t t o n t a i l  d e n s i t i e s  are much 

lower than reported elsewhere. T h e  f a l l  d e n s i t y  of a c o n f i n e d  

p o p u l a t i o n  of S .  f loridanus on t h e  210 ha Urbana (Ohio)  Wildl i fe  

Area i n  1964 was 14 .9 /ha  (Leite 1 9 6 5 ) .  

e a s t e r n  c o t t o n t a i l s  f o r  S t .  Clements  I s l a n d ,  Maryland, was 

1 0 . 2 / h a  ( B i t t n e r  a n d  Chapman 1 9 8 2 ) .  Based upon h u n t e r  harvest 

data over 9 y e a r s ,  c o t t o n t a i l  d e n s i t y  ranged  from 1.23-1.85/ha 

The peak d e n s i t y  of 
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on a s i t e  n e a r  Delaware, Ohio (Chapman e t  a l .  1 9 8 2 ) .  P o p u l a t i o n  

e s t i m a t e s  d e r i v e d  from l i v e  t r a p p i n g  o v e r  2 3  y e a r s  on a 48 ha 

s i t e  i n  P i a t t  County, I l l i n o i s  ranged  from 88  t o  358 (Edwards e t  

a l .  1 9 8 1 ) .  

S e v e r a l  f a c t o r s  may accoun t  f o r  t h e  l o w  o v e r a l l  abundance 

of c o t t o n t a i l s  on t h e  FMPC. Numerous p a p e r s  on food h a b i t s  

stress t h e  impor tance  of grasses i n  adu l t  c o t t o n t a i l  d i e t s .  

Kentucky b l u e g r a s s  (Pod pratensis), Canadian b l u e g r a s s  (P. 

compressa) , Timothy (Phleum pratense) quack grass (Agropyron 

repens) and  orchard g r a s s  (Dactylis glomerata) are t h e  most 

i m p o r t a n t  ( D a l k e  and  Sime 1 9 4 1 ;  Smith 1950; K l i m s t r a  and  Corder 

1957; B a i l e y  a n d  S i g l i n  1 9 6 6 ) .  Red f e s c u e  (Festuca r u b r a )  i s  

t h e  dominant he rbaceous  ground c o v e r  on t h e  FMPC ( S e c t i o n  I ) ,  

b u t  it i s  n o t  ment ioned  as b e i n g  an  i m p o r t a n t  food i n  t h e  

l i t e r a t u r e .  O the r  he rbaceous  p l a n t s ,  i n c l u d i n g  red c l o v e r  

(Trifolium pratense) , w i l d  carrot (Daucus carota) I and ragweed 

(Ambrosia spp . ) ,  i m p o r t a n t  i n  t h e  d i e t  of young rabbits ( B a i l e y  

and  S i g l i n  1966) are n o t  p a r t i c u l a r l y  abundant  on s i t e .  The 

most i m p o r t a n t  woody food p l a n t s ,  apple (Malus p u m l a ) ,  s t a g h o r n  

sumac (Rhus typhfna), red maple (Acer rubrum) ,  b l a c k b e r r y  ( R u b u s  

alleghenfensfs), and red r a s p b e r r y  (R. strfgosus) o c c u r  

s p o r a d i c a l l y  i n  l o w  numbers th roughou t  t h e  FMPC. 

C o t t o n t a i l s  are found i n  a v a r i e t y  of d i s t u r b e d ,  

s u c c e s s i o n a l ,  a n d  t r a n s i t i o n a l  h a b i t a t s .  I n  N e w  England, 

Jackson  ( 1 9 7 3 )  found no  r e l a t i o n s h i p  between c o t t o n t a i l  d e c l i n e s  

and  any  forest r e g i o n  or any  major l a n d  u s e  p a t t e r n  and  

concluded  t h a t  p o p u l a t i o n  d e c l i n e s  were related t o  d e c l i n e s  i n  



t he  abundance of cover.  Statewide reductions of more than 7 0 3  

were c lose ly  assoc ia ted  w i t h  changes i n  a g r i c u l t u r a l  land use i n  

I l l i n o i s  (Edwards e t  a l .  1 9 8 1 ) .  Overgrazing i s  known t o  reduce 

c o t t o n t a i l  hab i t a t  f o r  p ro tec t ive  cover and f o r  nest ing (Chapman 

e t  a l .  1982).  

Thus ,  mowing of pastures ,  bushhogging of woodlots, and 

extensive grazing by c a t t l e  seem t o  be major f a c t o r s  a t  t h e  FMPC 

which account f o r  c o t t o n t a i l  abundances and d e n s i t i e s  t o  be 

below those reported o f f s i t e .  B u t  one a l s o  needs t o  consider 

t h a t  g rea t  horned owl d e n s i t y  on t h e  FMPC during t h e  f a l l  and 

winter of 1986/87 was higher than i n  o ther  somewhat s imi l a r  

a r eas  a s  reported i n  t h e  l i t e r a tu re .  As r a b b i t s  a r e  a major 

food i t e m  of g rea t  horned owls, low numbers of c o t t o n t a i l s  may 

a l s o  be due t o  t h i s  f a c t o r .  

Although c o t t o n t a i l  abundance and dens i ty  a r e  lower than 

reported elsewhere, t hey  may represent a high i n  t h e  FMPC 

populat ion.  Ten year peaks have been reported f o r  years ending 

i n  6 (Sadler 19811, but highs a t  8-9 year i n t e r v a l s  have a l s o  

been found (Bailey 1968; Edwards' e t  a l .  1981). 

SUMMARY 

The summer dens i ty  of c o t t o n t a i l  r a b b i t s  on s i t e  was 

0.39/ha o r  0.87/ha of occupied h a b i t a t .  

5 5 . 3 %  ( 2 0 1 . 7  ha) of t h e  vegetated area,  were not conducive t o  

r abb i t  u s e .  Rabbit abundance and dens i ty  var ied  considerably 

w i t h i n  and between h a b i t a t  type, and showed clumped d e n s i t i e s  i n  

t h e  pine p lan t ings  (3.95 and 1.37/ha) .  FMPC c o t t o n t a i l  

The pastured hab i t a t s ,  
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d e n s i t i e s  were considerably lower than repor ted  f o r  o f f s i t e  

popula t ions  and could be r e l a t e d  t o  cu r ren t  land management 

p r a c t i c e s  and/or  owl p reda t ion .  

THREATENED AND ENDANGERED SPECIES 

N o  federa l ly  endangered animal spec ie s  were observed on t h e  

FMPC dur ing  f a l l - w i n t e r  1986. Two b i r d s  were recorded o n s i t e  

t h a t  appear on t h e  "Rare Species  of N a t u r e  Ohio W i l d  Animals" 

l i s t  (DNAP-ODNR 1982) .  A red-shouldered hawk (Buteo l i n e a t u s )  

was seen over W 1 .  Cooper's hawks (Accipiter cooperii) were 

f r e q u e n t l y  s i g h t e d  i n  t he  p ines  and over t h e  ungrazed p a s t u r e .  

T h i s  s p e c i e s  is  l i s t ed  as an uncommon, but  r egu la r ,  breeder i n  

t h e  C inc inna t i  area (CNC 19781, a non-breeder ' in  Hueston Woods 

(Osborne and Smallwood 1982),  and a th rea t ened  breeder  i n  Ohio 

(DNAP-ODNR 1982) .  Cooper's hawks have been r epor t ed  dur ing  

summer on t h e  FMPC (Sect ion I ) .  They a r e  considered an  uncommon 

t o  common f a l l  migrant and win ter  r e s i d e n t  i n  Ohio (Trautman and 

Trautman 1968) .  

ENVIRONMENTAL POPULATION GENETICS 

IrISH 

STUDY SITES 

F i s h  were c o l l e c t e d  us ing  t h e  s e i n e  method (Bennet  1970) 

from t h r e e  s i tes  i n  Paddy's Run wi th in  t h e  boundaries of  FMPC on 

June 24-25, 1986 (F ig .  6 ) ;  i n d i v i d u a l s  c o l l e c t e d  from sites 2 
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and 3 were pooled (U), site 4 is represented by the symbol D. 

Sites 2 and 3 were resampled on October 29, 1986 and fish were 

separated by site. Four hundred thirty-five fish representing 

14 species and 10 genera were collected and analyzed using 

electrophoresis (Table 1 4 )  . 

ELECTROPHORETIC METHODS 

Fish were homogenized mechanically in a 0.25M sucrose, 2% 

2-phenoxyethanol extraction solution, centrifuged at 20,000 g at 

S o  C for 6 min and the supernatant was stored at -70° C until 

used. All fish were electrophoresed within 3 weeks of 

homogenization. 

Loci analyzed and buffers used are detailed in Table 15. 

Gels were 15% Sigma starch (Karlin and Guttman 1981) except for 

the LiOH system which was made with 13% Sigma starch. 

Histochemical procedures followed Harris and Hopkinson 

(1976) and Selander et al. (1971). After the gels were stained, 

the genotypic composition of each sample at each locus was 

determined and recorded. 

BIOSYS-I computer program (Swofford and Selander 1981). Allele 

Genotypic data were analyzed using the 

frequencies, deviation from expected genotypic proportions 

assuming Hardy-Weinberg equilibrium conditions, amount of 

genetic variation, similarity matrices and chi-square 

i .  

a 

contingency tests for interpopulation heterogeneity were 

performed. See Section I for a discussion of Hardy-Weinberg 

equilibrium and methods for determination of expected genotypic 

proportions and heterozygosity. 



RESULTS 

Sample sizes were small for two of the species collected 

(Notropis chrysocephalus, Semotilus atromaculatus) ; since few 

individuals were collected, the data will not be considered 

here. 

Rhinichthys atratulus - blacknose dace (RA) 
Three loci examined (EST-2, GPI-2, PGM-1) were variable in 

the blacknose dace sample (U; Table 16). The major allele was 

present in high frequency (> 0.80) for all loci. All genotypic 

proportions conformed to those expected under conditions of 

Hardy-Weinberg equilibrium (Table 18). 

Pimephales notatus - bluntnose minnow (PN) 
Polymorphism was maximal in the June sample from site U 

(pooled 2 and 31,  occurring at five of the loci examined (Table 

16). 

diversity; the mean number of alleles per locus in this sample 

was 1.8. Four alleles were present at the EST-2 locus while 

three were found at GPI-1; the major allele occurred at a 

frequency < 0.65 at these loci. 

Concomitant with this variation was high allelic 

The remaining samples of this species did not exhibit 

variation of the magnitude found in the sample from site U. The 

June downstream site (D), and October samples from sites 2 and 3 

were either invariant for a locus polymorphic in sample U or had 

less allelic diversity at these loci (Table 16). While 

estimated heterozygosity was highest in sample U (20%; Table 1 7 )  

direct-count heterozygosity was greatest in sample D. Both 



samples U and D had significant heterozygote deficiencies when 

compared to expected proportions under Hardy-Weinberg 

equilibrium conditions; the deficiencies in the former sample 

were more marked (Table 18). Contingency chi-square tests 

(Table 19) indicated significant heterogeneity among the 

bluntnose minnow samples at three of the five variable loci. 

Campostoma anomalum - stoneroller minnow (CA) 
Sixty percent of the loci were variable (Table 17) in the 

stoneroller minnow populations. Allelic diversity was high in 

all samples except for CA-2 which possessed an average of 

approximately 67% of the alleles per locus found in conspecific 

collections. Tests for conformation of genotypic distribution 

to expected under Hardy-Weinberg equilibrium conditions 

demonstrated that the EST-2, EST-3 and PGM-2 loci were 

significantly different from expected. This was most evident in 

the CA-D and CA-3 samples where 50 and 60% of the polymorphic 

loci, respectively, were significantly different from expected 

proportions (Table 18). Contingency analysis using a chi-square 

test (Table 19) indicates that significant heterogeneity exists 

among samples at the EST-2, EST-3 and GPI-2 loci. 

Ericymba buccata - silverjaw minnow (EB) 
Although four samples of the silverjaw minnow were 

r, collected, two (EB-1 and EB-3) were represented by only two 

individuals each and were, therefore, excluded from further 

analysis. Twenty to 30% of the loci were variable in this 

species; no more than two alleles were found at any variable 



locus. Two of the loci in EB-D and one in EB-2 were 

significantly different (p 5 0 . 0 5 )  from expected under 

conditions of Hardy-Weinberg equilibrium (Table 18); direct- 

count heterozygosity was less than expected in each sample 

(Table 17). The populations exhibited homogeneity at all 

variable loci (Table 19). 

Notropis spilopterus - spotfin shiner (NS) 
Although three populations were studied, only two 

individuals were collected from site 2 and, therefore, this 

sample was excluded from further study. With the exception of 

EST-2, allele frequencies at the polymorphic loci were similar 

for samples from the offsite sample and site 3 (Table 16). 

These similarities were also present for genetic variability 

parameters as well (Table 17); direct-count heterozygosities 

approximated values expected under conditions of Hardy-Weinberg 

equilibrium; genotypic distributions were not significantly 

different from expected (Table 18) . Homogeneity between samples 

occurred at all variable loci (Table 19). 

Notropfs  ardens  - rosefin shiner (NA) 
F i s h  were collected from four sites; however, at two of the 

sites (2'and 3) few rosefin shiners were obtained and these fish 

were eliminated from further consideration. Variation existed 

at four of the l o c i  (Table 16) with one locus (PGM-2) being 

monomorphic in the NA-1 sample and one heterozygote being 

present at that locus in the NA-D fish. Although EST-3 was 

monomorphic in NA-D fish, those from NA-1 possessed both A and B 



a l l e l e s  (Table 1 6 ) .  Rose f in  s h i n e r s  from b o t h  s i t e s  e x h i b i t e d  

fewer mean h e t e r o z y g o t e s  t h a n  expec ted  (Table  1 7 ) .  However, 

g e n o t y p i c  d i s t r i b u t i o n  was s i g n i f i c a n t l y  ( p  I 0 . 0 5 )  d i f f e r e n t  

from expec ted  u n d e r  c o n d i t i o n s  of  Hardy-Weinberg e q u i l i b r i u m  a t  

o n l y  t h e  GPI-2 l o c u s  i n  each sample (Table 1 8 ) .  F i s h  from t h e  

t w o  s i tes e x h i b i t e d  s i g n i f i c a n t  h e t e r o g e n e i t y  a t  b o t h  t h e  EST-3 

( p  5 0.01) and MDH-2 ( p  S 0 . 0 5 )  l o c i  (Table  1 9 ) .  

Catostomus commersoni - w h i t e  sucke r  ( C C )  

S u f f i c i e n t  numbers of w h i t e  s u c k e r s  for  s t a t i s t i c a l  

a n a l y s i s  were c o l l e c t e d  from t h e  U and D s i t es .  While e x c e l l e n t  

e l e c t r o p h o r e t i c  p r o f i l e s  were o b t a i n e d  f o r  these f i s h ,  p a t t e r n s  

f o r  s e v e r a l  loc i  are d i f f i c u l t  t o  i n t e r p r e t  (see D i s c u s s i o n ) .  

Although three v a r i a b l e  loc i  were s c o r e d  (Table 161, o n l y  one 

p o p u l a t i o n  (CC-U) w a s  polymorphic a t  PGM-2. S i n c e  no t  a l l  l o c i  

were i n t e r p r e t e d ,  g e n e t i c  v a r i a b i l i t y  pa rame te r s  were n o t  

c a l c u l a t e d .  

e x p e c t a t i o n s  under  c o n d i t i o n s  of Hardy-Weinberg e q u i l i b r i u m  

i n d i c a t e d  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  (CC-U: EST-2, 

EST-3; CC-D: EST-3; Table 18). The t w o  w h i t e  s u c k e r  samples 

shared s i g n i f i c a n t  h e t e r o g e n e i t y  ( p  S 0 .05)  a t  t h e  EST-2 l o c u s .  

T e s t s  f o r  conformat ion  of  g e n o t y p i c  p r o p o r t i o n s  t o  

Etheostoma nigrum - johnny darter (EN) 

Only two of t h e  l oc i  s t u d i e d  i n  johnny darters were 

v a r i a b l e  (GPI-1,  GPI-2; Table 161, w i t h  o n l y  t h e  D sample 

. e x h i b i t i n g  polymorphism a t  t h e  l a t t e r  l o c u s .  V a r i a t i o n  i n  t h i s  

s p e c i e s  was l o w  (Table 17), wi th  a l l  b u t  one l o c u s  i n  one 

p o p u l a t i o n  (EN-D: GPI-1) e x h i b i t i n g  geno typ ic  d i s t r i b u t i o n s  



conforming to values expected under conditions of Hardy-Weinberg 

equilibrium (Table 18). Homogeneity existed among the samples 

at both variable loci (Table 19). 

Etheostoma spectabile - orangethroat darter (ES) 
Two loci (GPI-1, GPI-2) were variable in orangethroat 

darters, with the latter locus being polymorphic only in ES-D 

(Table 16). Genetic variability values were low for E. 

spectabile (Table 17) and mean direct-count heterozygosity 

paralleled expected values. However, a significant heterozygote 

deficiency was found (ES-D: GPI-2, p S 0.01; Table 18) when 

genotypic distributions were compared to expected under 

conditions of Hardy-Weinberg equilibrium. 

among all orangethroat samples at the variable loci (Table 19). 

Homogeneity existed 

Etheostoma flabellare - fantail darter (EF) 
Fantail darters from sites U and D were polymorphic at 

three of the loci examined (Table 16). Mean direct-count 

heterozygosity values approximated those expected (Table 1 7 ) .  

The MDH-2 locus in sample EF-D exhibited significantly (p S 

0.01) different genotypic proportions from expected under 

conditions of Hardy-Weinberg equilibrium (Table 18). 

Significant heterogeneity (p S 0.01) occurred between the two 

fantail darter samples at GPI-2 (Table 19). 

DISCUSSION 

When fish samples were first collected (June, 1986) sites 2 

and 3 were believed to represent control sites with only site 4 



p o t e n t i a l l y  s u b j e c t  t o  FMPC stormwater  r u n o f f ;  t h e r e f o r e ,  s i t e  4 

f i s h  were t o  be compared t o  t h o s e  from upstream s i t e s .  A f t e r  

c o l l e c t i n g  and s t o r i n g  f i s h  from s i t e s  2 and 3 t o g e t h e r ,  w e  were  

made aware of t h e  p o s s i b i l i t y  t h a t  animals from s i t e  3 could  

have been s u b j e c t e d  t o  FMPC waste materials a t  some p o i n t  

between t h e  t w o  l o c a t i o n s .  Thus  new samples had t o  be 

c o l l e c t e d .  These were o b t a i n e d  from Paddy's  Run i n  l a t e  October 

from p o o l s  s o u t h  of  t h e  Ohio S R  1 2 6  bridge o v e r  t h e  creek ( S i t e  

1). On t h a t  day w e  a l so  resampled si tes 2 and 3 .  While f e w  

j u v e n i l e s  were c o l l e c t e d  d u r i n g  t h e  October sampling p e r i o d ,  

m o r t a l i t y  s i n c e  June had reduced p o p u l a t i o n s  such  t h a t  fewer 

f i s h  were a v a i l a b l e .  W e  o b t a i n e d  more t h a n  10  i n d i v i d u a l s  of  

o n l y  t h e  johnny darter a t  t h e  c o n t r o l  s i t e .  Bluntnose  and 

s t o n e r o l l e r  minnows as  w e l l  as johnny darters were adequa te ly  

r e p r e s e n t e d  from s i t e  2; more t h a n  10 s t o n e r o l l e r s  and s p o t f i n  

s h i n e r s  were c o l l e c t e d  from s i t e  3.  

Contingency ch i - squa re  a n a l y s e s  f o r  g e n e t i c  h e t e r o g e n e i t y  

between c o n s p e c i f i c s  i n d i c a t e  t h a t  some h e t e r o g e n e i t y  w a s  due  t o  

d a t e  of sampling r a t h e r  t h a n  d i f f e r e n c e s  among si tes (Table 20). 

When b l u n t n o s e  minnow samples  were examined by date of  

collection, two- th i rds  of t h e  h e t e r o g e n e i t y  was e l i m i n a t e d  

(Tables 1 9  and 20); h e t e r o g e n e i t y  a t  o n l y  t h e  EST-3 l o c u s  

remained. I n  c o n t r a s t ,  e l i m i n a t i o n  of  t h e  June  sample of 

s t o n e r o l l e r  minnows i n c r e a s e d  t h e  h e t e r o g e n e i t y  e v i d e n t  among 

p o p u l a t i o n s  of t h i s  s p e c i e s .  When a l l  s t o n e r o l l e r  minnow 

samples  were inc luded ,  t h r e e  of  t h e  polymorphic loc i  e x h i b i t e d  

h e t e r o g e n e i t y ;  however, when o n l y  t h e  October si tes were 



analyzed, an additional locus (PGM-2) became significantly 

heterogeneous (p I 0.05). 

Calculations from Hardy-Weinberg equilibrium data (Table 

18) document a higher percent non-conformation (the summation of 

the number of loci that deviate significantly from expected 

genotypic proportions in samples from a sitedivided by the 

number of variable loci in samples from that site) occurred at 

sites U (41%), D (52%) and 3 (31%), than at Sites 1 (13%) or 2 

( 1 2 % )  when all fish species were considered. Site U is a 

composite of June's collection from sites 2 and 3; when we 

combined data from sites 2 and 3 in the October collection and 

calculated percent non-conformation (21%), it became evident 

that seasonal differences occur in genotypic proportions at a 

site. Non-conformation in the June sample (U) is approximately 

twice that of the October samples from the same sites. 

Allochronic samples of a given species from a single site 

usually represent individuals exposed to differences in 

environmental selection. Photoperiod, water temperature, water 

quality as well as biotic factors are all changing with the 

seasons; the age structure of the fish community in Paddy's Run 

also changes with time. The majority of the fish collected 

during the June sampling were young of the year; mortality in 

fish of this age is high. As the community ages, fewer fish are 

found; these fish have survived the months between sampling 

periods presumably by being better adapted to their environment. 

Recently, investigat0r.s have found that allele frequencies and 

genotypic proportions change dramatically in populations as a 
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c o h o r t  m a t u r e s  ( D i e h l  and  Koehn 1985, Ledig e t  a l .  1983, Pierce 

and  M i t t o n  1 9 8 2 ) .  I f  Seasona l  changes  i n  g e n e t i c  s t r u c t u r e  of 

t h e  f i s h  community r e p r e s e n t  t h e  r e s u l t  of n a t u r a l  s e l ec t ion ,  

t h e n  t h e  d i f f e r e n c e s  among s i t e s  co l lec ted  a t  one p o i n t  i n  t i m e  

s h o u l d  a l so  re f lec t  t h i s  phenomenon. The p e r c e n t  o f  non- 

c o n f o r m a t i o n  t o  e x p e c t e d  g e n o t y p i c  d i s t r i b u t i o n ,  bo th  f o r  t h e  

e n t i r e  f i s h  community sampled a n d  fo r  o n l y  s p e c i e s  c o l l e c t e d  a t  

s i tes  1 a n d / o r  2 and  3, was g r e a t e r  i n  p o p u l a t i o n s  of s i t e  3 

t h a n  s i tes  1 a n d  2 .  I n  t h e  June  sample p e r c e n t  non-conformation 

f o r  a l l  f i s h  from S i t e  D i s  2 7 %  greater t h a n  f i s h  from s i t e  U;  

however, when o n l y  species common t o  both si tes are compared 

p e r c e n t  non-conformat ion  i s  a p p r o x i m a t e l y  e q u a l  (U=50%, D=58%).  

Most f i s h  t a x a  are r-selected; t h i s  r e p r o d u c t i v e  s t r a t e g y  i s  t o  

p roduce  many more o f f s p r i n g  t h a n  w i l l  p r o b a b l y  s u r v i v e .  

S e l e c t i o n  i n  a n  r-strategist is  most i n t e n s e  d u r i n g  e a r l y  

j u v e n i l e  stages; p o p u l a t i o n  s i z e  decreases g r e a t l y  a t  f i r s t  and  

m o r t a l i t y  ra te  decreases t h r o u g h o u t  the  l i f e s p a n  of t h e  cohort .  

The d i f f e r e n c e s  between observed a n d  e x p e c t e d  g e n o t y p i c  

d i s t r i b u t i o n  u n d e r  Hardy-Weinberg e q u i l i b r i u m  c o n d i t i o n s  were a 

r e s u l t  of r e d u c t i o n  i n  t h e  number of i n d i v i d u a l s  h e t e r o z y g o u s  a t  

enzyme loc i .  T h i s  i s  most marked i n  J u n e  where t h e  U s i t e  

showed almost t w i c e  t he  p e r c e n t  non-conformation as s i tes  2 a n d  

3 combined from October (41% vs 21%, r e s p e c t i v e l y ) .  T h e  g e n e t i c  

d a t a r a n d  l i f e  h i s t o r y  phenomena s u g g e s t  t h a t  s e l e c t i o n ,  common 

.to f i s h  f rom sites on a n d  off  t h e  FMPC b o u n d a r i e s ,  o c c u r s  e a r l y  

i n  t h e  l i f e  of a cohort. S e l e c t i o n  l a te r  i n  t h e  l i f e  of t h e  

cohort, a s  it a p p r o a c h e s  s e x u a l  m a t u r i t y ,  may d i f f e r .  Evidence  



suggests that homozygous excesses ( =  heterozygote deficiencies) 

were reduced in October accounting for increased conformity to 

expectation. However, populations from the furthest downstream 

site sampled in Paddy's Run in October (site 3; south of the 

drainage ditch) have a significantly ( p  S 0 . 0 1 )  greater 

proportion of heterozygote deficiencies than were found in 

synchronic samples from sites north of the drainage ditch. 

An alternative explanation for the significantly higher 

non-conformation in the June vs October samples is that the 

young of the year fish sampled in June may have consisted of 

pooled offspring from a few successful parents. If this 

occurred and heterogeneous sibling groups were pooled in single 

collections, the data would result in excessive heterozygote 

deficiencies compared to those expected. This phenomenon, known 

as the Wahlund effect, would disappear as the young fish 

disperse and leave their natal area. 

Data presented and discussed above indicate that 

biochemical genetic analysis of the populations in Paddy's Run 

could serve as a sensitive monitor of both environmental impact 

and remediation. Five of the 1 4  fish species studied (bluntnose 

minnow, stoneroller minnow, spotfin shiner, rosefin shiner and 

white sucker) possess sufficient variation to serve as indicator 

species. 

useful because it is a member of a tetraploid fish family that 

has undergone partial genic diploidization (Ferris and mitt 

1980). Therefore, many more metabolically important loci are 

present in an individual sucker. 

The white sucker has the potential to be particularly 



F u r t h e r  s tud ie s  w i t h  increased sample s i z e s  and of  

increased durat ion a r e  needed before w e  can draw any major 

conclusions a s  t o  the  s p e c i f i c  environmental conditions a t  the  

FMPC which may be d i r e c t l y  a f f e c t i n g  t h e  gene t ic  s t r u c t u r e  of 

f i s h  populations i n  Paddy's Run. 

demonstrated i s  t h a t  a pa t t e rn  seems t o  be emerging w i t h  respect 

t o  t h e  gene t ic  s t r u c t u r e  of most of t h e  FMPC populations s tudied 

a s  compared t o  o f f s i t e  populations.  

What t h i s  s t u d y  has 

GRASSHOPPERS 

STUDY S I T E S  

Grasshoppers were co l l ec t ed  by hand and sweep n e t  from four 

s i tes  w i t h i n  t h e  boundaries of t h e  FMPC and three o f f s i t e  

l oca t ions  (Figure 7, Table 21) ; 152 ind iv idua l  Melanoplus f e m u r -  

rubrum and 137 Conocephalus strictus were e l ec t rophore t i ca l ly  

examined (Table 21) . 

ELECTROPHORETIC METHODS 

Grasshopper homogenates were prepared and t r e a t e d  a s  f o r  

f i s h  (above) .  Loci analyzed and bu f fe r s  used a r e  d e t a i l e d  i n  

Table 22. G e l s  were 15% Sigma s t a r c h  (Karlin and Guttman 1981) 

except f d r  t h e  LiOH system which was made w i t h  13% Sigma s t a r c h .  

HistochemPcal procedures and methods of da ta  ana lys i s  followed 

those used f o r  f i s h  (above) .  

RESULTS 

Analysis of grasshopper da ta  is  s t i l l  i n  progress and w i l l  

be documented i n  t h e  n e x t  r epor t .  



SUMMARY AND CONCLUSIONS 

Forty-one taxa of benthic macroinvertebrates were collected 

from eight onsite and from two offsite riffle/pool sampling 

stations on Paddy's Run during November and December 1986. 

19 taxa were found onsite in a previous study. Upstream 

stations contained more taxa and had significantly higher faunal 

densities than did downstream stations. Station 5 had the 

lowest macroinvertebrate density and diversity (55/m2, H' = 

0.79, respectively) . The lowest percentages of 

chironomids/sample were recorded at sites 5 and 10 (3.3% and 

0.9%, respectively). The faunal diversities, and type and 

number of macroinvertebrate taxa collected from Paddy's Run were 

typical of those reported for streams in southwestern Ohio. The 

observed changes in macroinvertebrate communities downstream 

from site 4 seem primarily related to drought conditions 

preceding sampling. 

O n l y  

The identification of over 21,000 total terrestrial 

arthropods was completed during the quarter, October l-December 

31, 1986. Data f o r  G P 1  and W1 were added to the applicable 

tables, and an Appendix listing the relative abundance of more 

than 130 taxonomic groups is hereby submitted. 

Perhaps the most notable observation gained as a result of 

the completion of this phase of the project deals with 

springtails (Collembola). Our results indicate that 

entomobryiads and sminthurids generally do not co-exist on the 

FMPC. 



Spearman rank  c o r r e l a t i o n  a n a l y s i s  i n d i c a t e d  UGP and  GP2 t o  

b e  t h e  most and UGP a n d  RN2 l ea s t  s imilar .  T h i s  i s  

c o n t r a d i c t o r y  t o  t h e  r e s u l t s  o b t a i n e d  u s i n g  Chi -square  a n a l y s i s  

as p r e v i o u s l y  r e p o r t e d  ( S e c t i o n  I ) .  Overal l ,  most t a x a  were 

rare i n  abundance w i t h  o n l y  a f e w  ( e . g . ,  Cicadell idae,  

Acrididae, Chrysomelidae,  and  Arane idae )  abundan t  i n  most 

h a b i t a t s .  

The w i n t e r  a v i f a u n a  of t h e  FMPC was r e l a t i v e l y  d i v e r s e  w i t h  

36  s p e c i e s  o c c u r r i n g  o n s i t e .  The most abundant  s p e c i e s  were 

permanent  r e s i d e n t s  s u c h  as  t h e  mourning dove, C a r o l i n a  

chickadee, and  the  song  sparrow. E a s t e r n  meadowlarks i n  t h e  

g r a z e d  p a s t u r e  s o u t h e a s t  of t h e  p l a n t  (GP1) a n d  golden-crowned 

k i n g l e t s  i n  t h e  n o r t h e r n  p i n e  p l a n t a t i o n  ( P P l )  had u n u s u a l l y  

h i g h  d e n s i t i e s  (30.8 a n d  5 7 . 7  b i r d s / 4 0  ha, r e s p e c t i v e l y ) .  Many 

w i n t e r  r e s i d e n t s  were a b s e n t  or i n  l o w  abundance which may be 

a t t r i b u t e d  t o  l a n d  management practices a n d  w a r m  s e a s o n a l  

c o n d i t i o n s .  

C i n c i n n a t i  area were a b s e n t  from the  FMPC. Habitat 

F o u r t e e n  species t h a t  r e g u l a r l y  w i n t e r  i n  t h e  

f r a g m e n t a t i o n  may have  r e d u c e d  t h e  number of bark foragers i n  

the reclaimed f l y  ash p i l e  and  t w o  woodlots. 

i n  avian community s t r u c t u r e  from summer t o  w i n t e r  were e v i d e n t  

S e a s o n a l  changes  

b y  r e d u c t i o n s  i n  species r i c h n e s s  (25-72%),  species d i v e r s i t y  

(avg .=l4%),  a n d  a v i a n  d e n s i t y  (avg . -70%).  

. The FMPC s u p p o r t e d  r e l a t i v e l y ' h i g h  densi t ies  of screech and 

great ho rned  owls. S c r e e c h  o w l  d e n s i t i e s  (14 p a i r s j 4 0  ha)  were 

h i g h e s t  i n  t h e  r i p a r i a n  h a b i t a t s  a l o n g  Paddy ' s  Run. Great 

h o r n e d  o w l  d e n s i t i e s  (1 p a i r / 0 . 9  km2 of u s a b l e  habi ta t )  are 



higher than previously reported f o r  Ohio and may be r e l a t e d  t o  

t he  clumped d e n s i t i e s  of r abb i t s  and doves on s i t e .  Habi ta ts  o n  

the  FMPC a r e  not s u i t a b l e  f o r  breeding barred owls and barn 

owls, or f o r  overwintering short-eared, long-eared, and saw-whet 

owls. 

The summer dens i ty  of c o t t o n t a i l  r a b b i t s  on s i t e  was 

0.39/ha (0.87/ha of occupied h a b i t a t ) .  The pastured h a b i t a t s ,  

55 .3% of t h e  vegetated area,  were not conducive t o  r abb i t  use.  

Rabbit abundance and d e n s i t y  var ied  considerably w i t h i n  and 

between h a b i t a t  type, and showed clumped d e n s i t i e s  i n  t h e  pine 

p lan t ings  ( 3 . 9 5  and 1 .37/ha) .  FMPC c o t t o n t a i l s  d e n s i t i e s  were 

considerably lower than reported f o r  o f f s i t e  populations and a r e  

poss ib ly  related t o  c u r r e n t  land management p r a c t i c e s  and/or o w l  

p reda t ion .  

N o  f e d e r a l l y  endangered animal spec ies  were recorded on 

s i t e .  A red-shouldered hawk was recorded once and a Cooper's 

.hawk w a s  recorded frequent ly  on t h e  FMPC. 

been previously reported during t h e  summer on s i t e .  

species  are l i s t e d  as ' threatened" i n  Ohio. 

Cooper's hawks have 

Both 

Four hundred and t h i r t y - f i v e  f i s h ,  represent ing  14 spec ies  

and 10  genera, were co l l ec t ed  from four  sites on Paddy's Run and 

examined using s t a r c h  g e l  e l ec t rophores i s .  

were found t o  be polymorphic l o c i  i n  each spec ie s .  

between samples co l l ec t ed  i n  June  and October ind ica t e s  t h a t  

some heterogenei ty  among genotypic d i s t r i b u t i o n s  i s  due t o  

seasonal changes i n  t h e  gene t ic  s t r u c t u r e  of t h e  f i s h  

populat ions.  Additional s i g n i f i c a n t  heterogenei ty  is  

A t  l e a s t  two l o c i  

A comparison 



a t t r i b u t a b l e  t o  d i f f e r e n c e s  between g e n o t y p i c  p r o p o r t i o n s  a t  

s i t e s  s tud ied ;  these d i f f e r e n c e s  o c c u r  o n  e i t h e r  side o f  a 

d r a i n a g e  d i t c h  e n t e r i n g  P a d d y ' s  Run a t  t h e  n o r t h w e s t  c o r n e r  of 

t h e  FMPC. 

s t r u c t u r e  of f i s h  from P a d d y ' s  Run s h o u l d  c o n t i n u e .  F i v e  

species of f i s h  ( b l u n t n o s e  minnow,, s t o n e r o l l e r  minnow, s p o t f i n  

s h i n e r ,  r o s e f i n  s h i n e r ,  a n d  wh i t e  s u c k e r )  c o u l d  serve as  

i n d i c a t o r  s p e c i e s .  

The data i n d i c a t e  t h a t  m o n i t o r i n g  of t h e  g e n e t i c  
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Figure I. Locations o f  the permanent transects established 
and a i r  monitoring stations(A1 at the fi ipC. UGP.lungrared 
gasture; GP-grazed pasture; PPIpine plantation; 
RFAP=reclaimad fly ash p i l e ;  W-woodlot'; RN-riparian. 
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Figure 2 .  Benthic sampling s i t e s  on Paddy's Run. 
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Figure 3 .  
t e r r i t o r i e s  on the FMPC during the winter, 

Distribution of eastern screech owl (btus -1 
1986-87. 
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Figure 4 .  
screech owl on the FMPC, winter, 1986-87. 
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Figure 5. Distribution of great horned owl (8uba 
-) territories on the FMPC during the summer, 1986, 
and winter, 1986-87. 
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Figure 7 .  
FMPC during the f a l l ,  1 9 8 6 .  

Locations of  grasshopper sampling s i t e s  on the 
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Zabitat  Water depth 
(mean f SD) Water movement Scbstraze 

3 i f  f l es  

Pools 

1 5 . 9  2 5 . 5  c m l  

3 7 . 0  8 . 5  cm 

rapid t o  s l o w 2  

very s l o w  

cobb le ,  pe=13,3s, . .  . 
gravel  

f i n e  gravel ,  
sand, s i l t  

1 

2 

gradual increase i n  downstream d i r ec t ion  

general  decrease i n  downstream d i r ec t ion  
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Jnlaenrit:ca s p  
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Empididaa 
7 a b M u r  ap.  
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C3LEOPteRlr 
Psophonidao 

Elaid.. 
Prsphonur herricki 

SCenolrfr rp. 
Dubfraphla rp. 

'Jnidenriffed rp. 1 
Unidentified r p .  2 

Hydropsychtdaa 
TRRICHOPTERA 

Cbowacoprysho rp. 
Hydrop#ycho sp . 
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Phllopotunidao 

Rhyacophilfdoo 

n.1ieoprych. rp. 

C h i u r r a  abrcuro 
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P&GALooTERA 
sia11d.o 
sfdf8 Sp. 

ISOFOM 
Aa01lid.m 
Limw foneinrlls 

WBIR)M 
T r l i t r i d u  

nya1.11. ..e#. 

DLCOWOA 
Astaddam 
Ommwe.8 nueiau 

-A 
Phyridao 
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_ - - n  
d - E  - E x 4  

X X x x x x x  X X x Chi ronomidae 
Ceratopogonidae X 

C2'3ECP TERA 
Eiinidae 

Stenelmis  sp.  X X 

f P  HEMEROPTERA 
C aeni dae 

Heptageniidae 

Baet idae 

Cdenis sp X 

Stenonema b ipunc ta tum X 

BdetiS sp .  

X X X 

X 

2 LECOPTERA 
Capniidae 

Al locapn ia  sp. X X x x  X 

ISOPODA 
Asell idae 

Lirceus f o n t i n a l i s  X X 

AMPHIPODA 
T a 1 it r i dae 

H y a l e l l a  a z t e c a  X 

GASTROPODA 
Physidae 

Physa sp. X X 

Ancylidae 
F e r r i s s i a  sp. X 

0 L I GOCHAETA X x x  

TOTAL TAXA 7 3 4 6 1 3 3  1 1 4 



S i z e  pair 

1 & 2  0 . 4 1 3 .  1).4? 

2 & 3  0 . 8 0 8 * * *  0 . 3 5  

3 & 4  0.631*** 0 . 4 ;  

4 & 5  0 . 4 9 9 *  0 . 2 3  

5 h 6  0 . 6 4 8 *  0 . 5 0  

6&7 0 . 8 3 1 * * *  0.67 

7 & 8  0 . 7 5 2 * *  0 . 5 0  

8 & 9  0.615* 1 . 0 0  

9610 0 . 6 3 5 *  0 . 4 0  

*P<O. 0 5  **P<O . 0 1 ***P<O.OOl 



Site Density Diversity % Chironomidae/sample 
(no. /square meter) 
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29.5 (9.l)cde 
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3.3 (5.8)e 

15.4 (14.2)de 

18.1 (12.7)de 

75.6 (19.2)a 

21.1 (14.l)de 

0.9 (1.5)e 
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0.44 
0 .11  
0.00 
7.61 
0 .12  
0 .33  
0.06 
1.44 
0.06 
0.00 
0 . 1 1  
0.00 
0 .11  
0.00 
0.11 

0.00 
0.00 
0 .00  
0 .06  
1.11 

78.00 

0. 17  

19.39 

0.00 

2.44 

22.00 

. .. . .. 
. >  . .  . .. . .. 
. .. . I. 
: . . 3  

: ? a  
. .. .... 

. .. . . - ~  
:.:I 

: : 5  
: . : 5  

1. :0 
:.:c 
1. :c  

?.:a 
:.:a 
0 . 3 0  
3 . 3 2  
1 . 1 0  
7 . 5 0  
3 . 3 0  
3 . 3 0  
0 . 9 5  
3.00 
3 .30  
0.j0 
1 . 5 3  
3.j0 
0 . 3 0  
1 . 0 0  
2 . 1 0  
0.00 
0.00 
0 .00  
0.00 
0 . 0 0  
0 .19  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

0 .00 

. .. ~ _ _ _  

. - _  ,. ." 

1 .  11 

0.57 
0 . 0 0  
2 .48 
0 . 0 0  
0.19 
0 . 0 0  
0 .00 
0 . 0 0  
0 . 0 0  
0 . 1 1  
0.00  
0 .31  
0.00 
0 .00  
0 . 0 0  
0.00 
0 .00  
0.00 
0 . 3 1  
0 .00  
6.30 

0 . 0 0  
0 .00  
0.00 
0 . 0 0  
8 . 7 1  

74 .11  

0.00 

23.66 

0 .00  

1.53 

21.19 

100.00 100.00 100.00 lOO.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

27  0 



Table 8. Spearman arrelatlon values Obtained from all possible pair comparisons of h e  numbers  of InxC!S M r  :ZO s.,+e.=cs 
Insf?C!s were grouped according to order prior 10 analysis 

UGP 

GP1 

GP2 

RFAP 

P P I  

P P I  

w 1  

w 2  

w3 

RN1 

RN2 

LKip GP1 GP2 RFAP PP1 PP2 w1 

. .  0.881 0.939 0.723 0.870 0.693 0.844 

. .  0 919 0.807 0.929 0 .839  0.920 

_ -  0.839 0.926 o.8oa 0.862 

- .  0.795 0.743 0.780 

- _  0 .863 0.923 

. -  0.875 

. _  

w 2  

0.793 

0.866 

0 .843  

0 .727  

0 .866  

0 .864  

0.91 2 

_ _  

'84 3 

0 649  

0 .822  

0.760 

0.724 

0 .81  7 

0 .855  

0.819 

0.870 

_ _  

;IN 1 

0 577 

0 732 

0 . 7 2 7  

0 .734  

0 .732  

0 . 8 7 2  

0 .786  

0.894 

0 .888  

-. 

a 2  

0 490 

0 i o 4  

0 598 

3 582 

0 . 5 6 6  

0.880 

0.768 

0.825 

0 . 8 0 3  

0 .839  



rea - s ?. c :: 1 2e red 6a-w h 
f o o c e r '  s :laiis 
rea-called h a w k  
American kescrel 
norzhern bobwhite 
kl lldeer 
mourninq dove 
qreat norned owl 
Sel:ed kingfisher 
red-bellied woodpecker 
downy woodpecker 
hairy woodpecker 
norchern flicker 
pileated woodpecker 
blue jay 
American crow 
Carolina chickadee 
tu f ted titmouse 
white-breasted nuthatch 
brown creeper. 
Carolina wren 
qolden-crowned kinglet 
eastern bluebird 
American robin 
northern mockingbird 
European starling 
northern cardinal 
rufous-sided towhee 
American tree sparrow 
sonq sparrow 
white-throated sparrow 
dark-eyed junco 
red-winged blackbird 
eastern meadowlark 
American goldfinch 
house sparrow 

3 . 0  0.C 2 . 0  3 . 3  
2 5 . 0  0 . 2  2 . C  3 . 3  - - 3 . c  2 . 0  
2 5 . 0  6 2 . 5  * 0 . 0  

0 . 0  0 . 0  0 . 0  3 . 0  
1 2 . 5  3 . 0  3 .0  1 2 . 5  
6 2 . 5  2 5 . 0  + 7 5 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  3 . 0  0 . 0  
0 . 0  0 . 0  2 5 . 0  0 . 0  

2 5 . 0  1 2 . 5  1 2 . 5  1 2 . 5  
0 . 0  0 .0  0 . 0  0 . 0  

+ 0 . 0  1 2 . 5  0 . 0  
0 . 0  0 . 0  0 . 0  0.0 

+ + 2 5 . 0  3 7 . 5  
0 . 0  0 . 0  + 0 . 0  
0 . 0  + 1 2 . 5  6 2 . 5  
0 . 0  0 . 0  + 1 2 . 5  
0 . 0  0 . 0  0 . 0  0.0 
0.0 0.0 0.0 0.0 
0 . 0  0 . 0  0 . 0  2 5 . 0  
0 . 0  0 . 0  0 . 0  1 2 . 5  

1 2 . 5  0 .0  2 5 . 0  3 7 . 5  
+ + 0 . 0  1 2 . 5  

0 .0  0 . 0  2 5 . 0  0 . 0  
3 7 . 5  0 .0  0 . 0  0 .0  
1 2 . 5  + + 2 5 . 0  

+ 0 . 0  0.0 0 .0  
1 2 . 5  0 . 0  0.0 0 .0  
6 2 . 5  + 1 2 . 5  8 7 . 5  

0 . 0  0 . 0  0 .0  0 .0  
1 2 . 5  0 .0  0 .0  0 .0  
0.0 0.0 0.0 0 .0  

50 .0  100.0 5 0 . 0  1 2 . 5  
37 .5  0 .0  1 2 . 5  25 .0  
1 2 . 5  0.0 0 .0  0.0 

? .3 
J .  J - - 
0 . 3  
9 . 0  
0 . 0  

7 5 . 0  
2 5 . 0  

0 . 3  
0 . 0  

0.0 
0.0 
0.0 

+ 

+ 
+ 

3 7 . 5  

0.0 
0.0 
0.0 

3 7 . 5  
0 . 0  

1 2 . 5  
0 . 0  
0 .0  

3 7 . 5  
0 .0  
0 . 0  

8 7 . 5  
0.0 

3 7 . 5  
0 .0  
0.0 

25 .0  

+ 

+ 

- 7 -  9 
0 4 . "  -. 4 . w  J . 2  3. :  

3 7 . 5  3 . 3  9 . 3  2 . 2  : . 3  
0 . 3  i 2 . 5  1 2 . 5  - - 
0 . 0  0 . 3  9 . 0  . 2 . 3  c . 3  
3 . 5  1 2 . 5  3 . 0  3 . 0  2 . 9  
0 . 0  0 . 0  - 0 . 3  : 2 . 5  

5 0 . 0  6 2 . 5  6 2 . 5  5 0 . 3  5C.S 
0 . 0  0 . 3  3 . 0  2 5 . 3  2 . ;  
0 . 0  0 . 3  0 . 0  + 5 c . 3  
0 . 0  5 0 . 3  0 . 0  5 0 . 0  * 

0 . 0  5 0 . 0  7 5 . 0  100 .0  1 2 . 5  
0 . 0  0 . 0  1 2 . 5  3 7 . 5  1 2 . 5  
0 . 0  3 7 . 5  2 5 . 0  1 2 . 5  0 . 0  
0 . 0  + 0 . 0  2 5 . 0  1 2 . 5  

+ 7 5 . 0  3 7 . 5  7 5 . 0  1 2 . 5  
0 . 0  + 1 2 . 5  0 . 0  0 . 0  

1 2 . 5  7 5 . 0  5 0 . 0  100 .0  50 .0  
+ 5 0 . 0  3 7 . 5  8 7 . 5  3 7 . 5  

0 .0  1 2 . 5  0 . 0  8 7 . 5  0 . 0  
0 . 0  0 . 0  0 . 0  1 2 . 5  1 2 . 5  
0 . 0  3 7 . 5  6 2 . 5  5 0 . 0  6 2 . 5  

+ 1 2 . 5  0 .0  3 7 . 5  1 2 . 5  
+ 7 5 . 0  6 2 . 5  1 2 . 5  2 5 . 0  

2 5 . 0  6 2 . 5  3 7 . 5  1 2 . 5  1 2 . 5  
0 . 0  2 5 . 0  0 . 0  1 2 . 5  i 2 . 5  
0 . 0  0 .0  0 .0  1 2 . 5  t 

3 7 . 5  8 7 . 5  7 5 . 0  7 5 . 0  1 2 . 5  
0 .0  0 .0  0 . 0  0 . 0  0 . 0  

1 2 . 5  + 5 0 . 0  0 . 0  0 . 0  
6 2 . 5  100 .0  7 5 . 0  + 100 .0  

0 .0  1 2 . 5  2 5 . 0  0 .0  0.C 
2 5 . 0  8 7 . 5  2 5 . 0  1 2 . 5  25.C 

0 . 0  0 . 0  0 . 0  0 .0  0 . 3  
0 .0  0 .0  1 2 . 5  0 . 0  1 2 . 5  

2 5 . 0  7 5 . 0  3 7 . 5  1 2 . 5  1 2 . 5  
0 .0  1 2 . 5  1 2 . 5  0 . 0  0 . 0  

- _ .  
- . <  
- _ .  - . "  
L I -  i . . J  - .  
d . . ,  

- ?  d . J  

3 7 . 5  

: 2 . 5  
: 2 . 3  
6 2 . 5  

3 . 0  
1 2 . 5  

2 . .2 
1 2 . 5  

8 7 . 5  
6 2 . 5  
25.C 
2 5 . 0  
8 7 . 5  
3 7 . 5  
1 2 . 5  
1 2 . 5  

0 . 2  
1 2 . 5  
5C.3 

2 . 2  
2 . 3  

6 2 . 5  

1 2 . 5  
1 2 . 5  

2 5 . 0  

- . ?  " . J  

+ 

3 -  
W . L  

t 

* 

--------- 
* A  plus (+ I  represents a species that was detected outside the census plot or 
identified during casual observation. 



S?Zt I ES 

red-shozlderea k a w i  
Cooper's hawk 
red-tailed hawk 
American kestrel 
norrhern bobwhLte 
ki 11 dee r 
mourning dove 
great horned owl 
belted kingfisher 
red-bellied woodpecker 
downy woodpecker 
hairy woodpecker 
northern flicker 
pileated woodpecker 
blue jay 
American crow 
Carolina chickadee 
tufted t i t mou se 
white-breasted nuthatch 
brown creeper 
Carolina wren 
golden-crowned kinglet 
eastern bluebird 
American robin 
northern mockingbird 
European starling 
northern cardinal 
rufous-sided towhee 
American tree sparrow 
song sparrow 
white-throated sparrow 
dark-eyed junco 
red-winged blackbird 
eastern meadowlark 
American goldfinch 
house sparrow 

TOTAL 

- 0  U . "  

3 . 8  

3 .8  
0 .0  
0.8 
9 . 2  
0 . 0  
3 . 0  
0 .0  
0 . 8  
0 .0  

0 . 0  

0.0 
0.0 
0.0 
0.0 
0.0  
0 . 0  
0 . 0  
0 . 8  
0 . 4  
0 .0  
4 . 2  
0.4 

0 . 4  
6 . 3  
0 .0  
0 . 4  
0 .0  
3 . 8  
1 .3  

1 2 . 5  

4 2 . 9  

4. 

c 

+ 

+ 

0 . 3  
C.C 

3.8 
0 . 0  
0 . 0  
1 . 7  
0 . 0  
0 . 0  
0 . 0  
0 . 4  
0 . 0  
0 . 4  
0 . 0  

0.0 

0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 

0 . 0  

* 

c 

+ 

+ 

+ 
+ 

0 . 0  
0.0 

0.0  
0 .0  
0.0 

3 0 . 8  
0 .0  
0 .0  

3 7 . 1  

+ 

3 . 9  3 . 2  
3 .3  0 . 3  
0:3 0 . 3  - 0.3 
0 . 0  0 . 0  
0 . 0  3 . 3  

+ 5 0 . 4  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 8  0 . 0  
0 . 8  3 . 0  
0 .0  0 .0  
3 . 4  0 . 0  
0 . 0  0 . 0  
0 . 8  1 1 . 9  
0 . 0  0 . 0  
0 . 4  3 5 . 6  
0 . 0  3 . 0  
0 .0  0 . 0  
0 .0  0 .0  
0 . 0  6 . 0  
0 . 0  3 . 0  
1 . 3  4 1 . 5  
0 .0  6 8 . 1  
0.8 0 . 0  
0 .0  0 . 0  
0 .0 1 1 . 9  
0 .0  0 . 0  
0 .0  0 .0  
0.8 4 7 . 4  
0 .0  0 . 0  
0 .0  0 . 0  
0.0 0 . 0  
4 . 6  6 . 0  
0 . 4  6 . 0  
0.0 0 .0  

3 . 3  3 . 3  - 2 . 0  
* 3 . 0  

0 . 0  0.0 
0 . 0  3 . 0  
3.0 0 . 0  

8 9 . 7  3 8 . 5  
2 . 0  0 . 0  
0 .0  0 .0  
0.0 0 . 0  

+ 0.0 
0 . 0  0.0 
0 . 0  0.0 
0.0  0.0 

+ 0 . 0  
7 6 . 9  3 2 . 1  

0.0  0 .0  
0 .0  0.0 
0.0  0 . 0  

5 7 . 7  + 
0 . 0  + 

1 2 . 8  1 2 . 8  
0 .0  0 .0  
0 . 0  0 . 0  

3 8 . 5  3 8 . 5  
0 .0  0 . 0  
0 .0  6 . 4  

5 7 . 7  1 4 7 . 4  
0 .0  0 .0  

1 9 . 2  2 5 . 6  
0 .0  0 .0  
0.0 0 .0  

2 5 . 6  1 9 . 2  
+ 0.0 

+ + 

+ c 

* 

3 . 3  
1 . 4  
0 . 0  
1 . 4  
0 . 0  

2 6 . 4  
0 . 0  
0 . 0  
6 :9 
5 . 6  
0 . 0  
4 . 2  

2 3 . 6  

2 9 . 2  
11.1 

2 . 8  
0 .0  
5 . 6  
2 . 8  

4 1 . 7  
1 9 . 4  

2 . 8  
0 .0  

2 5 . 0  
0 .0  

2 5 . 0  
4 . 2  

6 2 . 5  
0 . 0  
0 .0  

3 8 . 9  
5 . 6  

+ 

c 

+ 

2 . c  
0 . 0  
i . 4  
0 . 0  
0 . 0  

1 3 . 9  
0 . 0  
0 . 0  
0 . 0  

11.1 
2 . 0  
4 . 2  
0 . 0  

1 3 . 9  
1 . 4  

1 2 . 5  
5 .. 5 
0 .0  
0 .0  

11.1 
0 . 0  

1 6 . 7  
6 . 9  
0 .0  
0 . 0  

2 9 . 2  
0 . 0  

3 6 . 1  
3 4 . 7  

2 . 8  
1 2 . 5  

0 . 0  
1 . 4  

1 2 . 5  
1 . 4  

c 

? "  - 4  _ I ^  -.., Y . r  i ." 

- 3 . 2  0 . 3  3.: 
3 . 3  - - 
0 . 3  3 . 2  :.: 
3 . 3  3 . 3  3.: 
3 . 0  2 . :  :.I 
9 . 7  2 5 . 3  23.:: 
2 . 8  c. :  2 . ;  - 1 0 . 4  2 . 1  

11.1 - 2 . :  
2 6 . 4  2 . 1  1 4 . 6  

5 . 6  2 . 1  3 .C  
2 . 8  0 . 0  2 . :  
5 . 6  2 . 1  C . 3  

1 3 . 9  4 . 2  2 . 1  
0 , o  0 . 0  -c 

4 4 . 4  2 7 . 1  6 0 . 4  
2 5 . 0  .12 .5  2 2 . 9  
1 9 . 4  0 . 0  4 . 2  

1 . 4  2 . 1  4 . 2  
8 . 3  1 4 . 6  3 1 . 3  
5 . 6  2 . 1  8 . 3  
1 . 4  4 . 2  2.!  
1 . 4  2 . i  6 . 2  
1 . 4  2 . i  3 . :  
1 . 4  * 9 . 3  

2 7 . 8  2 . 1  2 2 . 9  
0 . 0  0 . 0  0 . 0  
0.0 0 . 0  0 . 0  

+ 6 0 . 4  1 8 . 9  
0 . 0  0 . 0  c . 3  

1 5 . 3  4 . 2  6 . 2  
0:o 0 .0  2 . 1  
0 . 0  2 . 1  f 

2 . 0  2 . 1  4 . 2  
0 .0  0 .0  r 

1 1 . 1 ' 2 9 6 . 8  380.1 3 2 2 . 5  3 4 6 . 1  2 3 2 . 0  2 3 3 . 5  2 5 0 . 1  1 8 5 . 7  
--------- 

*A plus (+I represents a species that was detected outside the census plot or 
identified during casual observation. 



15 (i9) 
5 ( 1 2 )  

1 0  ( 1 2 )  
1 4  ( 1 4 )  

9 ( 1 6 )  
9 (13) 

2 1  ( 2 5 )  
20 ( 2 1 )  
2 1  ( 2 3 )  
20 ( 2 3 )  
20 ( 2 4 )  

0 . 8 3 9  
0 . 2 9 9  
0 .820  
0 .862  
0 .860  
0 .777  
0 .909  
0 .915  

0 .847  
0 .891  

0 .908  

0 . 1 6 1  
0 . 7 0 1  
0 .180  
0 .138  
0 .140  
0 .223  
0 .091  
0 . 0 8 5  
0 .092  
0.153 
0 .109  

2 . 0 9 6  
0 . 2 9 3  
1 .940  
2 . 1 3 9  
2 . 0 0 1  
1 .797  
2 .646  
2 .620  
2 .583  
2 . 2 7 1  
2 .487  

9.77: 
3 .  ;32 
0 . 8 4 3  
0 .810  
0 . 9 1 1  

0 . 8 6 9  
0 .874  
0 .848  
0 .758  
0 . a30  

0 .  8 i a  

' D i v e r s i t y  

**Richness values  i n  ( ) include species  t h a t  were detected outside t h e  
census p l o t  o r  i d e n t i f i e d  during casual  observation.  

values were based on s i g h t i n g s  within the census p l o t s  and 
- c a l c u l a t e d  using the natural  log. 





L'G2 

GP 1 

GP 2 

WAP 

PP 1 

PP2 

w1 

w2 

w3 

RN1 

RN2 

630 

600 

6 0 0  

400 

600 

600 

600  

600 

600 

600  

600  

100 

100 

100 

50 

1 3  

1 3  

30 

30  

3 0  

2 0  

20 

0 

0 

1 

8 

37 

13 

2 

1 

8 

10 

2 

0 

0 

0 . 0 8  

0 . 6 6  

3 . 0 8  

1.08 

0 . 1 6  

0 . 0 8  

0 . 6 6  

0 . 8 3  

0 . 1 6  

0 

0 

1 . 5  

8 . 9  

2 9 . 6  

1 3 . 6  

1 . 5  

1 . 1  

11.1 

9 . 3  

2 . 2  

0 

0 . 0 2  

0 . 3 2  

3 . 9 5  

1 . 3 7  

0 . 1 0  

0 . 0 5  

0 . 3 7  

0 . 6 7  

0 . 1 2  



Table 14. Fish analyzed with eleszraphoresis f r o m  Paddy's Xun. 
Fish collected June 24 - 2 5 ,  1936 f r G X  Sites 2 azd 3 were 
pooled (u) while site 4 = D. Fish C0l;eCttd Occober 23, i986 were 
separated by site (1, 2 and 3 ) .  

Site 
U D 1 2 3 

Species 

Blacknose dace (RA) 
Rhini ch thys a tra t ul us 

Bluntnose minnow (PN) 
Pimephales notatus 

' Stoneroller minnow (CA) 
Campos t oma an oma 1 um 

Silverjaw minnow (EB) 
Ericymba buccata 

Spotfin shiner (NS) 
Notropis spilopterus 

Rosefin shiner (NA) 
Notropis ardens 

Creek chub (SA) 
Semotilus atromaculatus 

Striped shiner (NC) 
Notropis chrysocephal us 

White sucker (CC) 
Catostomus commersoni 

Johnny darter (EN) 
Etheostoma nigrum 

Orangethroat darter (ES) 
Etheostoma spectabile 

Fantail darter (EF) 
Etheostoma fl abellare 

1 9  

1 8  20 4 1 3  5 

1 6  8 10 32 

1 4  2 7 2 

5 2 19 

25 9 3 6 

7 2 

8 

13 15 3 

18 18 1 4  18 9 

9 22  3 2 6 

13 13 3 



Table 1 5 .  Buffers utilized and e9zyr.e systems analyzed. 
Number of loci examined are listed in parentheses. 

ENZYME SYSTEM 

Esterase (EST) 

Glucose 6-phosphate dehydrogenase (G6PD) 

Glucose phosphate isomerase (GPI) 

Isocitrate dehydrogenase (ICD) 

Lactate dehydrogenase (LDH) 

Malate dehydrogenase ( M D H )  

Non-specific protein ( N P )  

6-Phosphogluconate dehydrogenase ( 6 P G D )  

Phosphoglucomutase (PGM) 

BUFFER 

LiOH ( 3 )  

TC(1) 

LiOH ( 2 )  

TC ( 2 )  

TC ( 2 )  

TC ( 2 )  

LiOH (4) 

LiOH - Lithium hydroxide, pH 8.1/8.4 (Selander, et al. 1971) 
TC = Tris-citrate, pH 8.0 (Selander, et al. 1971) 

2 7 8  
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MEAN HETEROZYGOSITY 
MEAN NO. PERCENTAGE 

OF ALLELES OF LOCI DIRECT- W Y  -XE INBERG 
PER LOCUS POLYMORPHIC COUNT EXPECTED 

POPULATION 

RA-U 
PN-D 
PN-U 
PN- 1 
PN- 2 
PN- 3 
CA-D 
CA- 1 
CA- 2 
CA- 3 
EB-D 
EB-2 
NS-1 
NS-3 
NA-D 
NA- 1 
NC-3 
EN-U 
EN-D 
EN- 1 
EN-2. 
EN- 3 
ES-U 
ES-D 
ES-3 
EF-U 
EF-D 

1.4 
1.5 
1.8 
1.2 
1.4 
1.3 
1.8 
1.7 
1.3 
1.7 
1.3 
1.4 
1.4 
1.6 
1.4 
1.4 
1.4 
1.1 
1.2 
1.1 
1.1 
1.1 
1.1 
1.2 
1.1 
1.3 
1.3 

30.0 
30.0 
50.0 
20.0 
40.0 
30.0 
60.0 
50.0 
30.0 
50.0 
30.0 
40.0 
40.0 
50.0 
40.0 
40.0 
40.0 
10.0 
20.0 
10.0 
10.0 
10.0 
10.0 
20.0 
10.0 
30.0 
30.0 

0.07 
0.13 
0.07 
0.08 
0.07 
0.08 
0.14 
0.19 
0.13 
0.13 
0.06 
0.11 
0.12 
0.15 
0.10 
0.06 
0.14 
0.01 
0.01 
0.02 
0.02 
0.04 
0 . 0 5  
0 . 0 5  
0.03 
0.11 
0.06 

0.07 
0.16 
0.20 
0.08 
0.08 
0.10 
0.22 
0.23 
0.12 
0.24 
0.16 
0.18 
0.13 
0.16 
0 . 1 5  
0.17 
0.21 
0.02 
0.01 
0.02 
0.02 
0.03 
0.04 
0 . 0 5  
0.03 
0.10 
0.09 
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:ab le  2 3 .  ~ s n z i n g e n c y  c h i - s q u a r e  a c a l y s e s  f e r  g e n e t i c  n e c e r z q e n e i z y  am:.g s a z p i e s  
3f f i s h  p o p u f a c i o n s .  C m p a r i s o n s  a r e  w i i h i n  s p e c i e s  and do n o t  incl;;ae s p e c i e s  
w i t h  o n l y  one s a m p l e .  

3 l u n t n o s e  B l u n t  n o s e  S t o n e  co 1 l e  L 
minnow minnow minnow 

P i m e p h a l e s  P imaphaler  Campottoma 
n o t a t u s  n O t d t U d  an  oma I um 

(PN) (PN) (CAI  
LOCUS JUNE OCTOBER OCTOBER 

E S T - 2  NS 
E S T - 3  e. 

G P I - 1  NS 
G P I - 2  NS 
MDH- 1 
MDH-2 
PGM- 1 
PGM-2 NS 

NS 
NS 
NS 
NS 

NS 

e. 

e. 

NS 

NS 

Q L 0 . 0 5 ,  ++p 5 0 . 0 1 ,  NS - not s i g n i f i c a n t ,  blank - invar iant .  
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Table 22. Buffers utilized and enzyme systems studied in electrophoretic 
analysis of grasshoppers. 

Helanoplus femur-rubrum (MI 
Conocephalus strictus (C) 

CLT LiOH TC RW 

Aspartate A m m o  Transferase (AAT) 
Esterase (alpha napthyl acetate; A-EST) 
Esterase (phenyl acetate: PA-EST) 
Benzaldehyde dehydrogenase (BDH) 
Diaphorase (DIA) 

Isocitrate dehydrogenase (ICD) 
Lactate dehydrogenase (LDH) 
Leucine Amino Peptidase (LAP) 

Malic enzyme (ME) 
Non-specific protein (NO) 
Peptidase (PEP) 
6-Phosphogluconate dohydrog.na80 (CPGD) 
Phosphoglucomuta80 ( P a )  

Xanthine dehydrogonaso (XDR) 

Glucose phosphate isomerase (GPI) M 

Malate dehydrogenase (MDH) C, M 

Superoxide dismutaeo (SOD) M 

C, M 
M 

M 

c 

LiOH - Lithium hydroxido, pH 8.1/8.4 (Solandor, et al. 1971) 
TC - Tris-citrato, pH 8.0 (Solander, et al. 1971) 
CLT - Citric, acid, 4-(3-aminopropyl)morpholine, pH 6.1 (Clayton and Tretiak 1972) 
RW - G e l :  Tris-citrato; eloctrodo: Lithium borate; pH 8.5 (Ridgway et al. 1970) 
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I N T R O D U C T  I O N  

Previous basel ine and ecological  s tud ies  conducted b y  Miami 

University a t  t h e  Feed Materials Production Center (FMPC) have 

been reported i n  Sections I and 11. The present s t u d y ,  under 

WMCO Subcontract No. E-75969, continues our survey, inventory 

and cha rac t e r i za t ion  of t h e  t e r r e s t r i a l  f l o r a  and fauna, and 

aquat ic  fauna inhabi t ing t h e  FMPC. T h i s  report  includes r e s u l t s  

of spr ing  f l o r a  sampling, spr ing migrant b i r d  counts, and f i s h  

and b e n t h i c  community s t u d i e s  conducted i n  Paddy's Run and 

Harker 's  Run, an o f f s i t e  stream of s imi l a r  s i z e  and age.  

R e s u l t s  of a study concerning growth and reproductive success of 

o n s i t e  and o f f s i t e  populations of mourning doves (Zena ida  

macroura)  and American robins ( T u r d u s  migratorius) a r e  a l s o  

inc luded .  

t h e  FMPC were reported previously (Section 11). 

Winter res ident  b i r d  and owl population s tud ie s  a t  

I n  addi t ion ,  mayfly, isopod, chironomid, and Eastern 

c o t t o n t a i l  r abb i t  (Sylvilagus f l o r i d a n u s )  populations from the  

FMPC and from o f f s i t e  a r eas  were co l l ec t ed  and analyzed f o r  t h e  

poss ib l e  e f f e c t s  of environmental stress on genet ic  s t r u c t u r e .  

R e s u l t s  of a similar s t u d y  on bobwhite q u a i l  (Colinus 

v i r g i n i a n u s )  a r e  not  included. Although bobwhite frequented our 

t rapping  areas ,  our e f f o r t s  w i t h  caged c a l l i n g  b i r d s  ( 9 2  t r a p  

days) were not successful  i n  l ive- t rapping a s ing le  b i r d  ons i t e  

o r  o f f s i t e .  Par t  I11 of Appendix A includes a ca ta log  of 

spec ies  found a t  t h e  FMPC during spr ing,  1 9 8 7 .  

R e s u l t s  of t h i s  study a r e  discussed with respect  t o  



7 

seasonal changes i n  population o r  community s t ruc tu re  and t o  

o ther  ons i t e  or  o f f s i t e  s tud ies  of b i o t i c  community s t ruc tu re  o r  

environmental s t r e s s .  

STUDY SITES AND METHODS 

The s t u d y  area included s i x  (6) major t e r r e s t r i a l  hab i t a t s  

(see Section I )  and Paddy's Run w i t h i n  t h e  425  ha of t he  FMPC 

s i t e  excluding the  55  ha occupied by t h e  FMPC operat ions 

complex, parking l o t s  and associated construct ion f a c i l i t i e s .  

Except f o r  spr ing migrant b i rds ,  a l l  t e r r e s t r i a l  f l o r a  and 

fauna were censused along previously es tab l i shed  permanent 

transects (Fig.  1 ) .  Descriptions of t h e  hab i t a t s  and t h e  

methods f o r  laying out t h e  t r ansec t s  a r e  reported elsewhere a s  

a r e  t r ansec t  i den t i f i ca t ion  codes (see Addendum I ) .  Aquatic 

fauna were censused a t  s i tes  along Paddy's Run (Fig.  2 )  and 

Harker's Run (Fig.  3 ) .  Harker's Run was used a s  an o f f s i t e  

reference stream (see Fish :  March, Study Sites, f o r  a 

desc r ip t ion )  . 
Each f l o r a l  o r  faunal group was censused, mapped, and 

l i s t e d  by hab i t a t  type, or by sampling s i t e  on Paddy's Run or 

Harker's Run. All endangered species  found are l i s t e d  and 

included i n  Addendum I1 t o  t he  Catalogue of Species of t h e  FMPC. 

Prior t o  commencing t h e  study, sampling and e l ec t rophore t i c  

protocols  were submitted t o  WMCO f o r  approval. 

Standard community indices  were used t o  reduce t h e  da t a .  

R e s u l t s  f o r  each organismal group (excluding spr ing  migrant 



birds) are expressed by habitat type in terms of density (number 

per unit area), or number per unit effort (e.g., number of fish 

per 15 minutes of sampling). Additional parameters were also 

calculated for each community. Species richness (R) is the 

number of species found. Relative frequency of occurrence is 

the proportion of individuals of each species in the sample with 

respect to the total number of individuals sampled. The latter 

data were used to assign estimates of abundance in Part I1 of 

Appendix A, Catalogue of Species of the FMPC. 

Species diversity was calculated using the Shannon-Weaver 

(1949) formula (H') and Simpson's Index, (D ; Simpson 1949). 

Dominance concentration of species (C ) was calculated from the 

index of Simpson (1949). Evenness of abundance (J') was 

calculated using the methods outlined in Pielou (1966). The 

Jaccard Coefficient (Jaccard 1908) and the Coefficient of 

Similarity (Whittaker 1975) were used as measures of qualitative 

community similarity in terms of presence or absence of species. 

Percent Similarity (Whittaker 1975) and Morisita's Index 

(Morisita 1959) were used as measures of quantitative community 

similarity with respect to the number of individuals of each 

species present. Additional synthesis of the data is treated in 

each sect ion. 

All taxa were catalogued according to frequency of 

occurrence by habitat type (Appendix A, Part 11). 

Representative specimens are housed in the Robert A. Hefner 

Museum of Zoology or the Willard Sherman Turrell Herbarium, 

Miami University, Oxford, Ohio 45056. 
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SPRING FLORA 

METHODS 

Spring herbaceous vege ta t ion  was sampled us ing  t h e  foca l -  

po in t  sampling procedure of B u r t l a f f  ( 1 9 6 6 ) .  The procedures ana 

d a t a  ana lyses  followed those  o u t l i n e d  i n  Sec t ion  I for  sampling 

t h e  summer herbaceous f l o r a  on t h e  FMPC. Sampling w a s  conducted 

from 2 6  April-23 May, 1987, because Snyder (1984) r epor t ed  t h i s  

seasonal  per iod  as a major peak i n  t h e  number of herbaceous 

spec ie s  i n  flower and percent  herbaceous cover for  f o r e s t e d  

a r e a s  i n  southwestern Ohio. Each ind iv idua l  p l a n t  o r  subs t ra te  

( i . e . ,  s o i l ,  l i t t e r  (dead or decomposing p l a n t  mater ia l ) ,  o r  

rock)  v i s i b l e  through a s i g h t i n g  scope p l aced  a t  one-meter 

i n t e r v a l s  a long each of t h e  11 permanent transect l i n e s  ( F i g .  1) 

w a s  scored. T h e  s i g h t i n g  scope, an aluminum tube  2 2 . 9  c m  long x 

1 0  mm i . d .  equipped with cross-hairs, w a s  a f f i x e d  a t  a 45O angle  

t o  a t r i p o d .  The t r i p o d  was centered  over a metric t a p e  a long  

t h e  t r a n s e c t  l i n e .  A t  odd meter-marks,  vege ta t ion  t o  t h e  l e f t  

of t h e  t r a n s e c t  l i n e  was scored, and a t  even meter-marks, 

vege ta t ion  t o  t h e  r i g h t  of t h e  transect l i n e  was counted. 

Due t o  t h e  p a t t e r n  of mowing and t h e  g e n e r a l  d i s c o n t i n u i t y  

of h a b i t a t ,  transect l i n e s  40 m i n  l eng th  were l a i d  out  

perpendicular  t o  t h e  o r i g i n a l  t r a n s e c t s  i n  t h e  p i n e  p l a n t a t i o n s ,  

woodlots and r i p a r i a n  h a b i t a t s .  From 400 t o  600 p o i n t s  were 

scored a long  each t r a n s e c t ,  except i n  UGP, GP1,  and RFAP. 

Because of  t h e  uniform n a t u r e  of p a s t u r e s  (Sec t ion  I), fewer 



p o i n t s  were scored i n  UGP and G P 1  (every 5 m ,  t o t a l  = 1 2 0 ) .  

O n l y  2 2 5  po in t s  were scored i n  t h e  RFAP d u e  t o  t h e  s h o r t e r  than 

normal t r a n s e c t  and t h e  f a c t  t h a t  approximately 1 / 3  of t h e  RFAP 

was bulldozed i n  e a r l y  September, 1 9 8 6 .  Re la t ive  cover and 

herbaceous community s t r u c t u r e  ind ices  were computed from these 

d a t a .  

RESULTS 

Vegetat ive cover c o n s t i t u t e d  more t h a n  60% of t h e  t o t a l  

ground cover i n  10 of 11 h a b i t a t s  s t u d i e d  on t h e  FMPC during t h e  

sp r ing ,  1987 (Table 1). Only  i n  W 3  d i d  t h e  combined ground 

cover of l i t t e r  and s o i l  exceed t h a t  of v e g e t a t i v e  cover .  

Vegetat ive cover was greatest i n  t h e  p a s t u r e s  and least  i n  t h e  

woodlots. I n  t h e  woodlots and p ine  p l a n t a t i o n s ,  however, l i t t e r  

w a s  more dominant t han  any given spec ie s  of vege ta t ion .  

The vege ta t ive  cover on t h e  FMPC w a s  made up of 143 spec ies  

of herbaceous p l a n t s  r ep resen t ing  3948 i nd iv idua l s  and 48 

f a m i l i e s  (Table 1). Only 18 spec ie s  (12.6%) were found i n  t h e  

ma jo r i ty  (6 of 11) of t h e  h a b i t a t s  (Table 1). The most 

ub iqui tous  spec ie s  were Kentucky b luegrass  ( P o d  p r a t e n s e ) ,  

fescue  (Festuca s p . ) ,  common chickweed ( S t e l l a r i a  m e d i a ) ,  

c l e a v e r s  (Galium eparine) , and goldenrod ( S o l i d a g o  s p . )  . Almost 

two-thirds  (62.2%) of t h e  spec ie s  found a t  t h e  FMPC were present  

i n  only one o r  t w o  h a b i t a t s .  

Generally,  t h e  most ub iqui tous  spec ie s  were a l s o  t h e  most 

abundant spec ie s  (Table 1 ) .  Fescue and Kentucky b luegrass  

(a long  with orchard g r a s s ,  Dactylis g l o m e r a t a ,  i n  UGP)  were t h e  
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dominant species in the pastures and the RFAP. Fescue, brome 

grass ( E r o m u s  sp.), and Kentucky bluegrass were the dominant 

species in P P 1 .  Goldenrod and the three grasses listed for P P I  

dominated the herbaceous cover of PP2. The most abundant 

species in the deciduous woodlands were as follows: W 1  - meadow 
fescue (Festuca elatior) and Kentucky bluegrass; W2 - common 
chickweed and goldenrod; W3 - common chickweed and Kentucky 
bluegrass; R N 1  - garlic mustard (Allaria officinalis); RN2 - 
common chickweed and brome grass. In summary, grasses 

constituted 60% or greater of the ground cover and dominated the 

herbaceous layer in the pastures and the reclaimed fly ash pile. 

However, forbs in combination with grasses generally dominated 

the herbaceous layer of the woodland communities. 

Large differences in species richness and diversity existed 

between the spring flora of similar habitat types (Table 2 ) .  

The northern pines had 14 more species than the southern pines 

and a 22% higher species diversity (H') value. Woodlot 2 had 

greater floral diversity than either of the more mature woodlots 

(Wl and W3).  The discontinuous'nature of W2 (small stands of 

trees interspersed with grassy and shrubby openings) probably 

accounts for its high species diversity. The high diversities 

in both PP1 and W2 were related to the even apportionment of 

species (J' = 0 . 8 1 3  and 0 . 8 2 6 ,  respectively; Table 2 )  with no 

species having relative cover percentages of greater than 10 

(Table 1). Twenty-five more species were found and diversities 

were 32% higher in RN1 than RN2. High floral diversity in GP1 

may be an artifact of sampling; five times as many points were 
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sampled i n  GP1 as  compared t o  the  other  pas tu re s .  

Percent s i m i l a r i t y  of herbaceous p lan t  communities ranged 

from 83% between the  grazed pastures  t o  2 6 %  between W2 and W3 

(Table 3 ) .  The high s i m i l a r i t i e s  among pas tures  were mainly due 

t o  the  dominance of fescue and bluegrass i n  each pas ture .  The 

high s i m i l a r i t y  between the  RFAP and UGP can a l s o  be a t t r i b u t e d  

t o  t h e  abundance of these grasses  i n  both communities (Table 1 ) .  

As expected, t he  grazed pastures  were more s imi l a r  t o  each other  

than t o  t h e  ungrazed pas ture .  The mature, more continuous 

woodlots, W1 and W3, were more s imi l a r  t o  each o ther  than t o  W 2  

(Table 3 ) .  The r i p a r i a n  f l o r a l  communities were not very 

s imi l a r ,  e i ther  q u a l i t a t i v e l y  o r  q u a n t i t a t i v e l y  . 

D I S C U S S I O N  

Pomeroy e t  a l .  (1977) l i s t e d  only 25 herbaceous species on 

t h e  FMPC. Summer sampling yielded 98 species  represent ing 38 

fami l ies  (Section I )  whereas i n  spr ing w e  found 1 4 3  species  

represent ing 48 fami l ies ,  including 7 0  spec ies  not previously 

recorded i n  Section I .  Three t o  4 7  spec ies  were added t o  those 

previously recorded i n  any given hab i t a t ,  w i t h  t h e  l a rges t  

number of addi t ions  i n  t h e  r ipa r i an  h a b i t a t s  (Table 4 ) .  The 

add i t ion  of spr ing  spec ies  increased richness by hab i t a t  from 1 9  

t o  1 2 7 %  ( T a b l e  4 ) .  Many of these llnewll spec ies  were grasses  

(Poaceae-12) and mustards (Brassicaceae=8) . Seventeen 

a d d i t i o n a l  fami l ies  were documented and seven fami l ies  

previously reported (Section I )  were not found. Additionally,  

4 7  spec ies  found i n  t h e  summer, 1986 (Sect ion I ) ,  were not found 



during spring. 

Even though 70  new species were documented in spring, 

herbaceous species diversity declined from summer to spring in 

seven of the 11 habitats studied, with an average decline of 

1 5 . 7 % .  Species diversity (H') in the RFAP and RN2 was reduced 

by more than 20% from summer to spring. Woodlot 2 ,  R N 1 ,  and 

both pine plantations were the only communities where species 

diversity increased from summer to spring. 

Community similarities paralleled the patterns observed for 

the summer (Section I). In both summer and spring, the pastures 

had the most similar community structures and the RFAP was least 

similar to that of any other habitat studied. 

The total number of herbaceous species at the FMPC, 

including the summer (Section I) and spring, was 190, three 

times lower than found for similar physiognomic habitats at 

Hueston Woods (Werth et al. 1 9 8 2 ) ,  a state park located 

approximately twenty miles north of the FMPC. Werth et al. 

(1982)  reported 578 species representing 99 families. Species 

reduction on the FMPC does not appear to be related to area 

size. 

calculated by S = CAz (MacArthur and Wilson 1967)  where C is a 

taxon-dependent constant, A is the area, and z a value generally 

between 0 .17  and 0 . 3 5 .  Thus the number of species found at the 

FMPC is lower than expected for a natural area of equal size. 

The number of species in an area of given size may be 

Six important families (those with 4 or more species; Werth 

et al. 1982) missing from the spring flora were the rushes 

(Juncaceae), bluebells (Campanulaceae), spurges (Euphorbiaceae), 



saxifrages (Saxifragaceae), nightshades (Solanaceae) a n d  orchids 

(Orchidaceae). However, rushes, bluebells, and spurges were all 

represented by one species and nightshades by three species in 

summer sampling (Section I) . The rock-geranium (Heuchera 

americana), a saxifrage, was found occasionally in the woodlots 

in the summer (Section I), but was absent in spring. Due to 

patchy distribution of many saxifrages, our sampling transects 

may have missed this species. Orchids (Orchidaceae), 

represented by six species in Hueston Woods (Werth et al. 19821, 

were not found in either the summer (Section I) or spring. Even 

though orchids are normally in low abundance (Hickey, personal 

communication), some species such as Lipris l i l i i f o l i a  were 

expected but not found. Orchids, bluebells, and saxifrages are 

adversely affected by grazing cattle (Hickey, personal 

communication) which may have caused their absence or  low 

abundance at the FMPC. 

Although no families were present at the FMPC that were not 

represented at Hueston Woods (Werth et al. 1982), twelve species 

were found at the FMPC and not at Hueston Woods. Most notable 

of these were fringed brome grass (Bromus c i l i a t u s ) ,  dwarf 

cinquefoil (Potentilla canadensis), blue lettuce ( L a c t u c a  

biennis) , broom .sedge (Carex scoparia) , and beggar-ticks (Bidens 

v u l g a t a ) .  All were present in low abundance and most are 

characteristic of disturbed communities (Fernald 1950). The 

former three species were found in W2, a highly grazed, 

fragmented, and disturbed woodlot whereas the latter two 

occurred in the northern pines. No similar habitats can be 
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found a t  Hueston Woods. 

A d d i t i o n a l  s p e c i e s  a b s e n t  from t h e  FMPC were s q u i r r e l - c o r n  

(Dicentra canadens i s ) - ,  Dutchman's breeches ( D .  cucullaria) , 

clearweed ( P i l e a  p u m i l a )  , l o b e l i a  (Lobelia s p .  ) , a n d  t i c k  

t r e f o i l  (Desmod ium s p . ) .  S q u i r r e l - c o r n  a n d  Dutchman's  breeches 

are q u i t e  common i n  wooded habi ta t s  t h r o u g h o u t  s o u t h w e s t e r n  Ohio 

(Moore 1984, Snyder  1 9 8 4 ) .  Dur ing  t h e  same s e a s o n  as t h i s  

s t u d y ,  r e l a t ive  cover v a l u e s  of s q u i r r e l - c o r n  r a n g e d  f rom n i n e  

t o  22% i n  Hueston Woods (Moore 1984, Snyder  1 9 8 4 ) .  I n  a 

s u c c e s s i o n a l  woodland on t h e  Bachelor Estate,  Oxford ,  B u t l e r  

Co., Ohio, similar t o  t h a t  of FMPC woodlots, Snyder  (1984)  

r e p o r t e d  a r e l a t ive  cover of 15% fo r  Dutchman's breeches. 

Clearweed w a s  found  i n  s i x  o f  e i g h t  wooded habi ta ts  i n  t h e  

summer ( S e c t i o n  I ) ,  b u t  w a s  a b s e n t  i n  t he  s p r i n g .  Snyder  (1984)  

found  t h i s  species t o  be a l a t e  summer p l a n t  which p r o b a b l y  

e x p l a i n s  i t s  a b s e n c e  i n  t h e  s p r i n g  on t h e  FMPC. T i c k  t r e f o i l  

and  lobe l ia  were found  i n  t w o  a n d  f o u r  of S n y d e r ' s  (1984)  s i x  

s u c c e s s i o n a l  h a b i t a t s ,  r e s p e c t i v e l y ,  b u t  were n o t  found a t  t h e  

FMPC. 

Cleavers, which w a s  a b s e n t  i n  t h e  summer ( S e c t i o n  I ) ,  was 

found  i n  moderate abundance i n  t h e  s p r i n g .  

ephemera l  n a t u r e  of t h i s  species was unexpec ted ,  o u r  f i n d i n g s  

, are s u p p o r t e d  b y  Moore's (1984) a n d  S n y d e r ' s  (1984)  data which 

Al though t h e  

showed t h a t  cleavers die  b y  mid-June. 

S e v e r a l  species were i n  l o w  abundance on t h e  FMPC. The 

s p r i n g  b e a u t y  ( C l a y t o n i d  virginica) , May apple (Podophyl lum 

p e l t a t u m ) ,  f l e a b a n e s  ( E r i g e r o n  s p p . ) ,  touch-me-not ( I m p a t i e n s  
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s p . ) ,  and  cut- leafed toothwort (Dentaria l a n i c i a t a )  had 

s u b s t a n t i a l l y  lower  cover v a l u e s  on t h e  FMPC t h a n  those r e p o r t e d  

by  Snyder  ( 1 9 8 4 )  i n  Hueston Woods. F l e a b a n e s  were a l s o  i n  low 

abundance d u r i n g  t h e  summer ( S e c t i o n  I ) .  

The he rbaceous  communit ies  are  impacted by mowing ( e . g . ,  

p a s t u r e s ) ,  bush-hogging (e.g. ,woodlots,  e s p e c i a l l y  W 1  a n d  W2), 

a n d  g r a z i n g  ( e .g . ,  p a s t u r e s  and  woodlots). Graz ing ,  e s p e c i a l l y  

i n  t h e  woodlo ts ,  p r o b a b l y  r e p r e s e n t s  t h e  g r e a t e s t  stress because 

of its n a t u r e  a n d  l o n g e r  d u r a t i o n .  

g r a z i n g  may be c o n s i d e r e d  normal  p e r t u r b a t i o n s  which m a i n t a i n  

these communit ies  i n  a n  e a r l y  s u c c e s s i o n a l  stage. Bush-hogging 

o c c u r s  o n l y  once  a y e a r  a f t e r  most o f  t he  s p r i n g  ephemerals have 

flowered and  died, a n d  i s  u s e d  t o  keep t h e  f ie lds  located i n  W 1  

a n d  W2 i n  a n  e a r l y  s u c c e s s i o n a l  stage. Cattle,  however, are 

p r e s e n t  i n  t h e  FMPC woodlots 9-12 months of t h e  y e a r .  The 

p r e s e n c e  of ca t t le  a n d  the i r  associated impac t s ,  i n c l u d i n g  

d i s t u r b a n c e  and  compact ion  of s o i l s  and  t r a m p l i n g  a n d  

consumpt ion  of v e g e t a t i o n ,  affected t h e  he rbaceous  community 

s t r u c t u r e  i n  t w o  ways: 

I n  p a s t u r e s ,  mowing and 

(1) Herbaceous cover w a s  r educed  as shown by  t h e  smaller 

t o t a l  vegetative cover i n  t h e  woodlots where ca t t l e  g r a z e  

compared t o  t h e  r i p a r i a n  woodlands where ca t t le  are  g e n e r a l l y  

e x c l u d e d  (Tab le  1 ) .  

( 2 )  Herbaceous community s t r u c t u r e  w a s  al tered as shown by 

t h e  many species a b s e n t  o r  i n  l o w  abundance as compared t o  

o f f s i t e  s t u d i e s  (Werth e t  a l .  1982, Moore 1984, Snyder  1 9 8 4 ) .  

O n s i t e ,  t h e  number of species found i n  each of t h e  g r a z e d  
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woodlots was less than the species richness in the ungrazed 

riparian habitats (Table 2 ) .  

BENTHIC MACROINVERTEBRATES 

METHODS 

Benthic macroinvertebrates were collected 26-27 February 

1987 at sites 1, 3, 5 and 11 (Fig. 2) on Paddy's Run (PR) and 

sites 1 and 2 (Fig. 3 )  on Harker's Run (HR). Paddy's Run was 

dry downstream of PR5, thus PR9 could not be sampled as planned. 

The physical characteristics of the riffles and pools (PR) have 

been characterized elsewhere (Section 11). 

At each sampling location, 3 samples were collected from 

the riffle immediately above (PR1, HR1, HR2) or below (PR3, PR5, 

PR11) the pool using a Surber stream bottom sampler (total 

sample area = 0.28 m2; mesh size = 508 pn; Merritt et al. 1984). 

Larger rocks were removed from the area enclosed by the sampler 

frame and were carefully scrubbed clean. The organisms so 

removed were collected in a bucket. The remaining substrate was 

disturbed to a depth of 3-5 cm. The contents of the bucket and 

the sampler were placed into a labeled collection bottle, 

preserved with either 10% formalin or 70% ethyl alcohol, and 

stored in our laboratory awaiting sorting. 

Two samples, one from near the shore and one from the 

deeper mid-channel area, were collected from each pool. In each 

case, the top 5 cm of substrate (gravel, sand, sediment, 

detritus, etc.) was removed with a stainless-steel sampler 



( t o t a l  sample area = 0 . 0 6 3  m 2 ) .  

u s i n g  a No. 35 s t a n d a r d  t e s t i n g  s i e v e  (mesh s i z e  = 500 pm).  

Organisms were f l o a t e d  t o  t h e  s u r f a c e ,  p l a c e d  i n  c o l l e c t i o n  

j a rs ,  and  preserved as n o t e d  above .  

Sub-samples were t h e n  washed 

I n  t h e  l a b o r a t o r y ,  a l l  b e n t h i c  o rgan i sms  were sor ted  b y  

f a m i l y ,  coun ted ,  and  s t o r e d  f o r  f u t u r e  r e f e r e n c e .  

I d e n t i f i c a t i o n  was accomplished u s i n g  taxonomic k e y s  by Wiggins 

( 1 9 7 7 ) ,  Pennak (1978) ,  Borrer e t  a l .  (1981)  and  Merritt and  

C u m i n s  ( 1 9 8 4 ) .  D e n s i t i e s  (no. /m2) were c a l c u l a t e d  f o r  a l l  

o rgan i sms  i n  both r i f f l e  a n d  pool areas of t h e  streams. 

S t a n d a r d  community and  s i m i l a r i t y  i n d i c e s  (see I n t r o d u c t i o n )  

w e r e  u s e d  f o r  a n a l y s i s  of t h e  data. A m o d i f i c a t i o n  of S t u d e n t ' s  

t t es t  w a s  u s e d  t o  test f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  Shannon- 

Weaver d i v e r s i t y  between sites (Zar 1 9 7 4 ) .  A s  the 

i d e n t i f i c a t i o n  of orga.nisms from P R 3 ,  P R 5  a n d  HR2 i s  n o t  y e t  

comple t e ,  o n l y  those data r e l a t i n g  t o  P R 1 ,  P R l l  a n d  HR1 are 

p r e s e n t e d  h e r e i n .  T h e  complete a n a l y s i s  w i l l  be i n c l u d e d  i n  

S e c t i o n  IV of t h i s  report. The t a x a  i d e n t i f i e d  i n  P R 1  and  P R 2  

are i n c l u d e d  i n  Appendix A, Catalog of S p e c i e s .  

RESULTS 

Twenty-six,  2 1  a n d  20 t a x a  were collected a t  P R l ,  P R 1 1 ,  and 

HR1,  r e s p e c t i v e l y  (Tables Sa a n d  5 b ) .  I n  e v e r y  case, la rva l  o r  

p u p a l  forms of t h e  n o n - b i t i n g  midges (Chironomidae)  were most 

numerous ( 8 4  t o  92% of a l l  o rgan i sms ,  depending  on si te). ;  

u s u a l l y  p r e s e n t  i n  numbers 10-20 t i m e s  greater t h a n  t h e  n e x t  

most dominant  t a x a .  Chironomidae were p r e s e n t  a t  e v e r y  sampl ing  
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location with the exception of the pool at HR1. The t w o  pool 

samples from HR1 contained only a single organism, a stone fly 

(Capniidae) . 
Representatives from 9 families were present at all three 

sampling locations: earthworms (Annelida); isopods (Asellidae: 

Isopoda); mayflies (Caenidae: Ephemeroptera); stoneflies 

(Capniidae: Plecoptera); water pennies (Psephenidae: 

Coleoptera); two groups of caddis flies (Hydropsychidae and 

Psychomyiidae: Trichoptera); and crane flies and non-biting 

midges (Tipulidae and Chironomidae, respectively: Diptera). 

Several taxa were unique to each site. Tubificids 

(Annelida); ephemerids (Ephemeroptera); leuctrids, nemourids, 

and taeniopterigids (Plecoptera); hydraenids (Coleoptera); 

limnephilids (Trichoptera); and lymnaeids (Lepidoptera) were 

found only at PR1. At PR11, representatives of the following 

families were unique: Heptegeniidae and Siphlonuridae 

(Ephemeroptera); Perlodidae (Plecoptera); and Ephydridae 

(Diptera). Five taxa were found only at HR1. These were 

Curculionidae (Coleoptera); Leptoceridae, Glossosomatidae and 

Rhyacophilidae (Trichoptera); and Psychodidae (Diptera). In no 

case were any of these unique families present in large numbers 

The most numerous was 5 rhyacophilids at HR1. 

Density, measured as the number of individuals per square 

meter of stream bottom to a depth of approximately 5 cm, in the 

riffle community (Table Sa) was highest at PR11, followed by HR1 

and PR1. For the pool community (Table Sb), PR1 density was 

greatest and HR1 was least (only a single organism was found). 



D i v e r s i t y  p a r a m e t e r s  (Table  5c) were d e p r e s s e d  a t  a l l  t h r e e  

s i t e s  d u e  t o  t h e  h i g h  number of ch i ronomids  p r e s e n t .  T h i s  i s  

most e v i d e n t  a t  P R l l  where 92% o f  t h e  m a c r o i n v e r t e b r a t e s  p r e s e n t  

were members of t h i s  f a m i l y .  Consequent ly ,  f a m i l y  d i v e r s i t y  was 

s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  a t  P R 1  ( t  0 . 0 5 ( 1 ) ,  = Z O O  = 

4 . 0 9 ,  p e 0.005)  and  H R 1  ( t  0 . 0 5 ( 1 ) ,  5200 = 4.78,  p 0 . 0 0 5 ) .  

There w a s  no s i g n i f i c a n t  d i f f e r e n c e  between P R 1  and HR1 ( t  

0 . 0 5 ( 1 ) ,  =200 = 0.514,  p > 0 . 2 5 ) .  When Chironomids were 

exc luded  from t h e  a n a l y s i s ,  however, P R 1  and  P R l l  f a m i l y  

d i v e r s i t i e s  were most s imilar  (t 0 .05  (I), 5200 = 0.635, p > 

0 . 2 5 ) .  HR1,  however, d i f fe rs  from b o t h  (t 0 . 0 5 ( 1 ) ,  -200 = 6.15 ,  

p << 0.005;  t 0 . 0 5 ( 1 ) ,  4 0 0  = 5.68,  p 0 .005;  when compared t o  

P R 1  and  PR11,  r e s p e c t i v e l y ) .  

Community s i m i l a r i t y  i n d i c e s  (Table 5d)  r e f l e c t  t h i s  same 

t r e n d :  P R 1  and  P R l l  a re  most s imi la r ,  and, depending  on t h e  

i n d e x  u s e d  and  whether  ch i ronomids  are i n c l u d e d  o r  exc luded ,  P R 1  

and  HR1,  or  P R l l  and HR1, least  similar.  

DISCUSSION 

I n  S e c t i o n  11, w e  reported 4 1  t axa  of b e n t h i c  

m a c r o i n v e r t e b r a t e s  collected from 10 P a d d y ' s  Run si tes between 

20  November and  18 December 1986. When s o r t i n g  and  f i n a l  

i d e n t i f i c a t i o n  t o  genus  or  s p e c i e s  l e v e l  i s  complete, w e  e x p e c t  

some 50-60 t axa  t o  have  been  p r e s e n t  d u r i n g  Februa ry  1987 

i n s t e a d  of t h e  4 0  reported h e r e i n  (Tables 5a and 5 b ) .  As 

p r e v i o u s l y  noted ( S e c t i o n  111, t h i s  is  a s u b s t a n t i a l  i n c r e a s e  

o v e r  t h e  19  taxa  r e p o r t e d  by Pomeroy and  co-workers ( 1 9 7 7 ) .  
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T h i s  would a l so  r e p r e s e n t  a n  i n c r e a s e  of 20-50% above t h e  4 1  

t a x a  p r e s e n t  d u r i n g  w i n t e r  1986.  A n  i n c r e a s e  s h o u l d  be e x p e c t e d  

i n  t h e  s p r i n g  due  t o  l i f e  h i s t o r y  o f  t h e  o r g a n i s m s  i n v o l v e d .  

O u r  c u r r e n t  f i n d i n g s  s u p p o r t  those  r e p o r t e d  i n  S e c t i o n  11; 

t h ree  g e n e r a  r e p o r t e d  b y  Pomeroy e t  a l .  ( 1 9 7 7 ) ,  Agraylea, 

Microvelia and  Sphaer ium,  were a b s e n t  from P a d d y ' s  Run a n d  

H a r k e r ' s  Run. F u r t h e r  sampl ing  would be n e c e s s a r y  t o  d e t e r m i n e  

whether  t h i s  i s  s i g n i f i c a n t ,  as t w o  o f  these g e n e r a ,  Agraylea 

and  Microvelia are u s u a l l y  found o n l y  d u r i n g  w a r m e r  weather 

(Merrit t  and  C u m i n s  1 9 8 4 ) .  The t h i r d ,  Sphaeriurn, may be rare 

and  n o t  show up w i t h o u t  e x t e n s i v e  sampl ing .  

The fact  t h a t  ove ra l l  b e n t h i c  d e n s i t y  i n  t h e  r i f f l e  a t  P R l l  

was n e a r l y  twice t h a t  a t  PR1 a n d  50% greater t h a n  a t  H R 1  may be 

due  t o  several factors .  F i r s t ,  t h e  stream characteristics are  

somewhat d i f f e r e n t  a t  PR11.  The stream i s  g e n e r a l l y  more 

shallow a n d  s l o w  moving there t h a n  a t  e i t h e r  P R 1  or H R 1 .  I n  

a d d i t i o n  t o  t h e  FMPC, other i n d u s t r i a l  f a c i l i t i e s  are located 

u p s t r e a m  o f  P R 1 1 .  Some a g r i c u l t u r a l  i n p u t  may a l so  a c c r u e  

between t h e  FMPC a n d  PR11. Thus, c o n d i t i o n s  f o r  growth  and  

p r o l i f e r a t i o n  may be better due  t o  n u t r i e n t  i n f l u x e s  a n d  stream 

s u b s t r a t e  h e t e r o g e n e i t y  a t  PRll t h a n  a t  any  o t h e r  s i t e  sampled. 

A l g a l  growth (pers. o b s e r v a t i o n )  seemed t o  be greater a t  t h i s  

s i te .  

B e n t h i c  d e n s i t y  i n  t h e  pool a t  PR11, which w a s  v e r y  l o w  as 

compared t o  t h a t  a t  t h e  P R 1  pool, c o u l d  reflect  t h e  fac t  t h a t  

water levels  t e n d  t o  f l u c t u a t e  g r e a t l y  i n  areas of P a d d y ' s  Run 

downstream of PR4 (see F i g .  2 ) .  Thus, t h e  PR1 pool, a 



relatively stable community, should contain greater numbers of 

organisms as well as taxa. In addition, the substrate of the 

PRll pool is more homogeneous than that of P R 1  (Facemire, 

unpublished data). Ricklefs (1973) stated that species density 

generally decreases with a decrease in habitat heterogeneity. 

In the present case, the same phenomenon seems to also cause a 

decrease in overall density. 

While diversity indices (Table Sc) were much lower than 

those normally reported for such streams (Section 111, diversity 

indices c'alculated using any taxonomic level above species are 

always depressed (Hughes 1978). Furthermore, the heavy 

preponderance of the Chironomidae at each site also caused 

depressed diversity values. This is amply illustrated by 

comparison of indices calculated when the midges are excluded 

(Table Sc). The reader is cautioned, however, that diversity 

indices calculated from family level data are not only 

depressed, but are also not proportionate to species level 

calculations (Hughes 1978). A more thorough discussion 

including data from PR3,  PR5 and HR2 is provided in Section IV 

of this report. 

FISH: MARCH 

STUDY SITES 

Six sites (I, 2, 3, 5, 9 and 11; Fig. 2) in Paddy's Run (PR) 

were sampled on March 26-28, 1987. PR1 served as a reference 

site for Paddy's Run. Two sites (1 and 2, F i g .  3 )  in Harker's 

3 0  6 
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Run ( H R ) ,  B u t l e r  County,  O h i o  were sampled o n  A p r i l  9 ,  1 9 8 7 .  

All s i t e s  c o n s i s t e d  of one p o o l  and  an  a d j a c e n t  r i f f l e .  

H a r k e r ' s  Run i s  a small, s econd-o rde r  stream (Fer r ie r  a n d  

Wiss ing  1 9 7 9 )  t h a t  i s  s imi la r  t o  o ther  wel l -oxygenated ,  

hardwater streams i n  t h e  area a n d  i n c l u d e s  a d i v e r s e  

i c h t h y o f a u n a  (Mundahl and  I n g e r s o l l  1983). While Harker 's  Run 

does n o t  become i n t e r m i t t e n t  t o  t h e  e x t e n t  t h a t  P a d d y ' s  Run d o e s  

d u r i n g  t h e  summer months, i t s  f l o w  i s  r educed  enough a t  times t o  

r e s t r i c t  t h e  movement of f i s h  between s i tes .  Al though Paddy ' s '  

Run i s  a third-order  stream ( S e c t i o n  I )  a n d  would therefore  be 

e x p e c t e d  t o  be i n h a b i t e d  by  more f i s h  s p e c i e s  t h a n  Harker 's  Run 

(Kuehne 1962 ;  L o t r i c h  19731, t h e  s i t e  characterist ics a re  

s imi l a r  enough between t h e  two streams t o  j u s t i f y  u s i n g  H a r k e r ' s  

Run f i s h  p o p u l a t i o n s  f o r  compar ison  p u r p o s e s .  

METHODS 

P r i o r  t o  s a m p l i n g  a t  a si te,  e a c h  pool a n d  r i f f l e  w a s  

s e p a r a t e d  b y  minnow s e i n e s  (4mm mesh) t o  p r e v e n t  t h e  movement o f  

f i s h  be tween areas. 

(4mm mesh), a backpack  s h o c k e r  a n d  d i p  n e t .  Each pool a n d  

F i s h  were collected u s i n g  a minnow s e i n e  

r i f f l e  w a s  sampled f o r  20 min, w i t h  a t  least  10 min of t h e  

s a m p l i n g  t i m e  s p e n t  w i t h  a s e i n e .  There were t w o  e x c e p t i o n s .  

The pool a t  PR3 was sampled f o r  15 min u s i n g  o n l y  a s e i n e .  T h i s  

s ampl ing  e f f o r t  y i e l d e d  over 500 f i s h ,  t h e  largest p r o p o r t i o n  of 

which were age 1 f i s h  ( y e a r l i n g s ,  c 25mm standard l e n g t h ) .  

Because  of the large sample a n d  t h e  d i f f i c u l t y  i n  i d e n t i f y i n g  

large numbers of young f i s h  i n  t h e  f i e l d ,  n o  f u r t h e r  s a m p l i n g  
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was done .  The c o n s i s t e n c y  of t h e  s p e c i e s  compos i t ion  of s e v e r a l  

c o n s e c u t i v e  s e i n i n g  e f f o r t s  s u g g e s t e d  t h a t  o u r  s i t e  

c h a r a c t e r i z a t i o n  would n o t  be enhanced  b y  f u r t h e r  s ampl ing .  The  

sample da ta  from t h i s  p o o l  were s t a n d a r d i z e d  t o  a sampl ing  

e f f o r t  of 20  min. The r i f f l e  a t  PR6 w a s  sampled f o r  2 0  min.  

u s i n g  o n l y  a s e i n e .  

F i s h  c a u g h t  a t  each s i t e  were held i n  c o l l e c t i n g  b u c k e t s  

u n t i l  t h e  end  of t h e  sampl ing  per iod.  A t  t h e  end  of each 

sampl ing  p e r i o d ,  f i s h  were i d e n t i f i e d ,  enumerated,  and  r e t u r n e d  

t o  t h e  stream a t  t h e i r  c a p t u r e  l o c a t i o n .  Up t o  20  spec imens  of  

s t o n e r o l l e r  minnow (Campostom anomalum), b l u n t n o s e  minnow 

(Pimephales notatus), white  s u c k e r  (Catostomus commersoni) , 
s p o t f i n  s h i n e r  (Notropis spilopterus), and  r o s e f i n  s h i n e r  

(Notropis ardens) from each s i t e  were i n d i v i d u a l l y  bagged, 

packed  on d r y  ice a n d  r e t u r n e d  t o  t h e  lab  f o r  e lectrophoret ic  

a n a l y s i s .  

(1975)  a n d  Trautman ( 1 9 8 1 ) .  

F i s h  were i d e n t i f i e d  w i t h  t h e  a i d  of keys  by  P f l i e g e r  

Catch data for each pool and  r i f f l e  were u s e d  t o  c a l c u l a t e  

an  i n d e x  of c a t c h  p e r  u n i t  e f f o r t  (Gu l l and  1969, R i c k e r  1975)  

a n d  t h e  p r o p o r t i o n  of catch. The mean catch p e r  u n i t  e f f o r t  and  

p r o p o r t i o n  of t o t a l  catch were c a l c u l a t e d  t o  es tabl ish t h e  

abundance  of each species t h r o u g h o u t  t h e  stream reach. A 

s p e c i e s  d i v e r s i t y  i n d e x  was c a l c u l a t e d  from catch data  fo r  

P a d d y ' s  Run a n d  Harker's Run f o r  each s i t e  a n d  f o r  a l l  s i t e s  

combined u s i n g  a m o d i f i e d  Shannon-Weaver f u n c t i o n  (Lloyd e t  a l .  

1 9 6 8 ) .  
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RESULTS 

A t o t a l  of 2 , 1 5 3  f i s h ,  r ep resen t ing  18 spec ie s ,  were t a l l i e d  

from t h e  s i x  s i t e s  i n  Paddy's Run.  

were c o l l e c t e d  from Paddy's Run. Two o f  t h e  th ree  specimens 

were age 1 f i s h  and could not be keyed t o  s p e c i e s .  T h e  t h i r d  

specimen most c l o s e l y  resembled t h e  longear  s u n f i s h  (Lepomis 

megalotis), b u t  d i d  not possess  a l l  of t h e  k e y  c h a r a c t e r i s t i c s  

described for t h i s  spec ie s  by Trautman ( 1 9 8 1 ) .  T h i s  sugges ts  

h y b r i d i z a t i o n  w i t h i n  t he  genus, L e p o m i s .  Consequently, a l l  

s u n f i s h  were condensed i n t o  one group, L e p o m i s  complex, f o r  

s t a t i s t i c a l  purposes.  

Three s u n f i s h  (Lepomis s p . )  

The catch pe r  u n i t  e f f o r t  and p ropor t ion  

of catch f o r  each spec ie s  a t  each s i t e  a r e  shown i n  Tables 6-11.  

The mean catch p e r  u n i t  e f f o r t  and propor t ion  of t o t a l  ca t ch  a r e  

presented  i n  Table 1 2 .  

A t o t a l  of 447 f i s h ,  r ep resen t ing  13 spec ie s ,  w e r e  c o l l e c t e d  

from t h e  t w o  s i t es  i n  Harker 's  Run. The catch p e r  u n i t  e f f o r t  

and propor t ion  of catch d a t a  f o r  each s i t e  are shown i n  Tables 

13-14. The mean c a t c h  p e r  u n i t  e f f o r t  and propor t ion  of t o t a l  

c a t c h  are presented  i n  Table 15. Modified Shannon-Weaver 

i n d i c e s  ( d ' )  f o r  both l o c a t i o n s  a r e  presented  i n  Table 1 6 ,  a long 

w i t h  i n d i c e s  c a l c u l a t e d  from c o l l e c t i o n s  of June, 1986, f o r  PR1- 

3 ( d a t a  provided by Sec t ion  I )  . 

DISCUSSION 

The March, 1987, c o l l e c t i o n  from Paddy's Run was dominated 

by c y p r i n i d s  and p e r c i d s  ( d a r t e r s ) .  Numerically, b luntnose  

minnow, s t o n e r o l l e r  minnow, and s p o t f i n  s h i n e r  dominated t h e  



c o l l e c t i o n .  Rosefin sh ine r s ,  o rangethroa t  d a r t e r s  (Etheostoma 

spectabile), and f a n t a i l  d a r t e r s  (Etheostoma flabellare) were 

a l s o  major components of t h e  ichthyofauna. 

The modified Shannon-Weaver ind ices  c a l c u l a t e d  f o r  t he  

ind iv idua l  s i tes  (Table 1 6 )  i n d i c a t e  t h a t  there  i s  a l a r g e  

amount of v a r i a b i l i t y  i n  spec ie s  d i v e r s i t y  i n  Paddy's Run.  PR2 

had t h e  h ighes t  spec ie s  d i v e r s i t y  ( d ' =  3 .2 )  and PR5 had t h e  

lowest ( d ' =  1.1) .  PR2 and PR4 had s p e c i e s  d i v e r s i t y  equal  t o  o r  

g r e a t e r  than t h e  c o n t r o l  ( P R 1 ) .  PR3 and PR9 had v e r y  low 

spec ie s  d i v e r s i t y  r e l a t i v e  t o  t h e  o t h e r  four  s i tes .  PR3 and PR9  

a r e  loca t ed  a s h o r t  d i s t a n c e  downstream from t h e  drainage d i t c h  

no r th  of t h e  r a i l r o a d  t res t le  and t h e  storm sewer o u t f a l l ,  

r e s p e c t i v e l y .  

The March, 1987, c o l l e c t i o n  from Paddy's Run contained seven 

s p e c i e s  t h a t  were n o t  i d e n t i f i e d  i n  t h e  June, 1986, c o l l e c t i o n .  

S ix  of these spec ie s ,  suckermouth minnow (Phenacobius 

mirabilis), sand s h i n e r  (Notropis stramineus), emerald s h i n e r  

(Notropis atherinoides) , sunf i sh  (Lepomis sp .  ) , rainbow darter  

(Etheostoma caeruleum) and r edbe l ly  dace (Phoxinus 

erythrogaster) were very r a r e .  The s i x t h  spec ies ,  t he  s p o t f i n  

sh ine r ,  was one of t h e  dominant spec ie s  i n  t h e  March c o l l e c t i o n .  

Overa l l ,  a greater number of spec ie s  were present  i n  t h e  
5 

March, 1987, c o l l e c t i o n  a s  compared t o  t h e  June, 1986, 

co l lec t ion .  The increased  number of s p e c i e s  i n  t h e  sp r ing  

collection may be a t t r ibu ted  t o  an increased  a b i l i t y  of f i s h  t o  

move between s i tes  r e s u l t i n g  from t h e  resumption of water flow 

a long  t h e  e n t i r e  reach of Paddy's Run. I t  was repor ted  (Section 
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I) that during the June, 1986, sampling period, much of t h e  

stream consisted of isolated pools and riffles and that the 

stream was virtually dry from the K-65 tanks to a location 

between Willey Road and New Haven Road As might be expected 

from this, and the fact that samples were collected from a 

greater number of sites in March, 1987, than in June, 1986, the 

combined modified Shannon-Weaver indices were slightly greater 

in the March collection (2.9 vs. 2.7). 

The March, 1987, collection from Paddy's Run contained four 

species that were not found in Harker's Run. All four species, 

suckermouth minnow (Phenacobius mirabilis), sand shiner, emerald 

shiner, and sunfish were very rare. Comparison of the modified 

Shannon-Weaver indices for the combined sites from both 

locations (Table 16) indicates that Harker's Run had greater 

species diversity than Paddy's Run ( 3 . 3  vs.2.9) when considering 

the March, 1987 communities. Species diversity indices are a 

function of both species number (species richness) and the 

relative abundance of each species represented in the sample. 

Harker's Run had lower species richness relative to Paddy's Run 

but had a more even distribution of abundance among the species 

that were present. This is reflected by J', the evenness index. 

This value'was 0.89 and 0.69 for Harker's Run and Paddy's Run, 

respectively. 



FISH: JUNE 

S T U D Y  S I T E S  

S i x  s i t e s  (1, 2 ,  3, 5 ,  10  and 11; Fig .  2 )  i n  Paddy's Run 

were sampled on J u n e  18-19, 1987. P R 1  served a s  t h e  con t ro l  

s i t e  f o r  Paddy's Run. Two s i t e s  (1 and 2 ,  Fig .  3 )  i n  Harker 's  

Run, B u t l e r  County, Ohio were sampled on J u n e  1 7 ,  1987. A ~ c o l  

and an ad jacent  r i f f l e  were sampled a t  each s i t e ,  w i t h  t h e  

except ion of PR5 and PR10.  

r i f f l e  h a b i t a t  a t  e i ther  of these s i tes .  

J 

Due t o  dry condi t ions ,  t h e r e  was no 

A d e s c r i p t i o n  of H a r k e r ' s  Run and j u s t i f i c a t i o n  f o r  u s i n g  

f i s h  popula t ions  from t h a t  stream f o r  comparison purposes are 

provided i n  a previous s e c t i o n  of t h i s  r epor t  (see F i s h :  March, 

S t u d y  S i t e s ) .  

METHODS 

Methods and data a n a l y s i s  gene ra l ly  followed those  repor ted  

i n  t h e  March f i s h  s e c t i o n  of t h i s  r epor t  with t h e  fol lowing 

except ions .  (1) Fish  were c o l l e c t e d  by s e i n i n g  f o r  15 

minutes rather than 20 minutes.  

t h e  March, 1987, sampling e f f o r t  and therefore, was not used. 

E l e c t r o f i s h i n g  d i d  not improve 

( 2 )  The r i f f l e  a t  H R 1  w a s  very sho r t  ( 9  m )  and poorly 

de f ined .  Consequently, it w a s  o n l y  sampled f o r  f i v e  m i n u t e s .  

The d a t a  from t h i s  r i f f l e  were ex t r apo la t ed  t o  reflect  a 15 min 

sampling e f f o r t .  

RESULTS 

A t o t a l  of  1925 f i s h ,  r ep resen t ing  18 spec ies ,  were t a l l i e d  



from t h e  s i x  s i tes  i n  P a d d y ' s  Run. S i x  spec imens  of s u n f i s n  

(Lepomis s p . )  were o b t a i n e d  from t h i s  s a m p l i n g  e f f o r t .  F i v e  of  

t h e  s i x  s p e c i m e n s  appeared t o  be h y b r i d s  i n v o l v i n g  b l u e g i l l  

(Lepomis macrochirus), g r e e n  s u n f i s h  ( L e p o m i s  cyanellus), a n d  

o r a n g e s p o t t e d  s u n f i s h  ( L e p o m i s  humilus) . The s i x t h  spec imen  w a s  

a f a i r l y  p u r e  b l u e g i l l .  A l l  s u n f i s h  were combined i n t o  o n e  

g roup ,  Lepomis complex, f o r  s t a t i s t i c a l  p u r p o s e s .  The catch p e r  

u n i t  e f f o r t  a n d  p r o p o r t i o n  of catch for each species a t  each 

s i t e  are shown i n  Tables 17-22. 

a n d  p r o p o r t i o n  of t o t a l  catch are p r e s e n t e d  i n  Table 2 3 .  

The mean catch per  u n i t  e f f o r t  

A t o t a l  of 1326 f i s h ,  r e p r e s e n t i n g  1 4  species, were t a l l i e d  

from t h e  t w o  s i tes  i n  H a r k e r ' s  Run. The catch per  u n i t  e f f o r t  

a n d  p r o p o r t i o n  of catch data f o r  each s i t e  are shown i n  Tables 

24-25. The mean catch per u n i t  e f fo r t  a n d  p r o p o r t i o n  of t o t a l  

catch are p r e s e n t e d  i n  T a b l e  26 .  Modified Shannon-Weaver 

i n d i c e s  ( d ' )  f o r  b o t h  l o c a t i o n s  are  p r e s e n t e d  i n  Table 2 7 ,  a l o n g  

w i t h  i n d i c e s  c a l c u l a t e d  from c o l l e c t i o n s  of June ,  1986,  f o r  

P a d d y ' s  Run si tes 1-3 (data provided f rom S e c t i o n  I )  a n d  from 

c o l l e c t i o n s  of March, 1987,  fo r  P a d d y ' s  Run a n d  Harker 's  Run. 

DISCUSSION 

D u r i n g  t h e  J u n e ,  1987,  s a m p l i n g  p e r i o d  water leve ls  i n  

P a d d y ' s  Run were v e r y  l o w .  P R 5  a n d  PRlO were r e d u c e d  t o  

i so l a t ed  pools w i t h  n o  r i f f l e  hab i t a t .  Between these t w o  s i t e s ,  

P a d d y ' s  Run w a s  c o m p l e t e l y  d r y  a n d  therefore,  no  sample was 

o b t a i n e d  a t  PR9. 

The J u n e ,  1987, c o l l e c t i o n  from P a d d y ' s  Run was d o m i n a t e d  



by c y p r i n i d s  a n d  p e r c i d s  ( d a r t e r s ) .  N u m e r i c a l l y ,  s t o n e r o l l e r  

minnow (Campostoma anomalum), o r a n g e t h r o a t  dar te r  (Etheostoma 

spectabile), and  johnny d a r t e r  (Etheostoma nigrum) dominated  t h e  

c o l l e c t i o n .  B lun tnose  minnow (Pimephales n o t a t u s ) ,  r o s e f i n  

s h i n e r  (Notropis ardens), s i l v e r j a w  minnow (Ericymba buccata), 

and  creek chub (Semotilus atromaculatus) were a l so  major 

components of t h e  i c h t h y o f a u n a .  S p o t f i n  s h i n e r  (Notropis 

spilopterus), which was v e r y  abundant  i n  t h e  March, 1987, 

c o l l e c t i o n ,  made up o n l y  a small f r a c t i o n  of t h e  June ,  1987, 

sample .  Suckermouth minnow (Phenacobius mirabilis), which w a s  

v e r y  rare i n  t h e  March c o l l e c t i o n ,  was a b s e n t  i n  t h e  June  

sample. Largemouth bass (Micropterus salmoides), which w a s  

a b s e n t  f rom t h e  June ,  1986, and  March, 1987, c o l l e c t i o n s  w a s  

r e p r e s e n t e d  i n  t h e  June  sample .  

The modified Shannon-Weaver i n d i c e s  c a l c u l a t e d  f o r  t h e  

i n d i v i d u a l  s i tes  (Table 11) i n d i c a t e s  t ha t  there i s  a large 

amount of v a r i a b i l i t y  i n  species d i v e r s i t y  i n  Paddy ' s  Run. PR2 

had t h e  h ighes t  species d i v e r s i t y  ( d ' =  3 . 0 )  and P R l l  had t h e  

lowest ( d f =  2 . 3 ) .  The r a n g e  of v a l u e s  fo r  t h e  s p e c i e s  d i v e r s i t y  

i n d e x  nar rowed from March t o  June ,  due  t o  a n  i n c r e a s e  i n  

d i v e r s i t y  a t  some s i tes .  Most n o t a b l e  was PR3,  which showed a 

dramatic i n c r e a s e  i n  s p e c i e s  d i v e r s i t y  f rom March t o  J u n e .  

These i n c r e a s e s  may have r e s u l t e d  from t h e  forced c o n g r e g a t i o n  

of f i s h  i n t o  areas t h a t  s t i l l  h a d . s u f f i c i e n t  water t o  s u p p o r t  

them.  

The June ,  1987, c o l l e c t i o n  from Paddy ' s  Run c o n t a i n e d  f o u r  

s p e c i e s  t h a t  were n o t  found i n  Harker 's  Run. A l l  f o u r  s p e c i e s ,  

3 f 4  



emerald shiner ( N o t r o p i s  a t h e r i n o i d e s ) ,  sand shiner ( N o t r o p i s  

s t r a r n i n e u s ) ,  rainbow darter ( E t h e o s t o m a  c a e r u l e u r n ) ,  and 

largemouth bass were very rare. Paddy's Run and Harker's Run 

also differed in the sunfish species present. The Paddy's Run 

collection contained bluegill and hybrids involving bluegill, 

orangespotted sunfish, and green sunfish, while the Harker's Run 

collection contained only one orangespotted sunfish. Comparison 

of the modified Shannon-Weaver indices for the combined sites 

from both locations (Table 2 7 )  indicates that Paddy's Run had 

greater overall species diversity (3.2 vs 2.7) during June, 

1987. The maximum value of the Shannon-Weaver species diversity 

index is, however, dependent upon the number of species present 

within the community. Eighteen species were present in Paddy's 

Run as opposed to only 14 in Harker's Run. For a valid 

comparison between the two, Pielou's evenness of abundance 

index, J', should be used. These values (0.77 and 0.71 for 

Paddy's Run and Harker's Run, respectively) are not 

significantly different. 

SPRING MIGRANT BIRDS 

METHODS 

Counts of spring migrant birds were conducted twice weekly 

from April through May, 1987. Because of their transient 

nature, no attempts were made to obtain estimates of population 

densities, nor were our counts restricted to the fixed transects 

(Fig. 1). In order to obtain complete coverage, teams of 2-6 
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observers covered the  FMPC s i t e  d u r i n g  each count per iod.  

Woodlots, pine p lan ta t ions  and r ipa r i an  h a b i t a t s  were covered 

more thoroughly than were pasture  communities. 

excludes a l l  breeding o r  wintering r e s iden t s  previously reported 

(Sections I ,  11), a l l  migratory waterfowl, and o ther  avian taxa 

( e . g . ,  g u l l s  and t e r n s )  not expected t o  u t i l i z e  FMPC h a b i t a t s .  

For o f f s i t e  comparisons we tabulated t h e  spr ing  migrants a t  

Oxford, Ohio and Hueston Woods S t a t e  Park, But ler /Preble  County, 

Ohio, during t h e  same count per iod.  I n c l u d e d  a l s o  a re  

noteworthy species  suspected of breeding on the  FMPC which were 

not reported on our breeding b i r d  c e n s u s  (Section I ) .  

T h i s  report  

RESULTS 

Twelve migrant species  were recorded on t h e  FMPC during the  

spr ing  of 1987. T w i c e  a s  many species  were scored off  t h e  FMPC 

during t h e  same count period (Table 2 8 ) .  S i x  species  were 

unique t o  the  FMPC, and 18 recorded o f f s i t e  were not found 

w i t h i n  t h e  confines of t h e  FMPC. 

h a b i t a t s  were richest .  Seven of 1 2  (58.3%) and n i n e  of 1 2  

(75.0%) species  were recorded i n  t he  r i p a r i a n  and woodlots, 

respec t ive ly  (see Appendix A, Par t  11, Catalogue of species  of  

t h e  FMPC). 

FMPC r i p a r i a n  and woodlot 

DISCUSSION 

Although Battelle (1981) provided a l i s t  of a l l  t h e  b i r d s  

of southwestern Ohio i n  t h e i r  environmental report  t o  t h e  FMPC, 

no previous inventor ies  of spr ing migrants have been made 

o n s i t e .  Our  FMPC t o t a l s  a r e  s imi l a r  t o  those reported f o r  two 



1 9 8 7  day- long  "May Counts' '  t r a d i t i o n a l l y  t a k e n  y e a r l y  by l o c a l  

Audubon g r o u p s .  The Oxford Audubon Bi rd-a- thon  t a b u l a t e d  15 

m i g r a n t  s p e c i e s  on A p r i l  2 6  i n  Whitewater County P a r k  a n d  

Lawrenceburg, I n d i a n a ,  and  a n o t h e r  Oxford  Audubon S o c i e t y  g roup  

r e c o r d e d  13 s p e c i e s  on May 1 6 .  S p e c i e s  c o m p o s i t i o n  v a r i e d  

c o n s i d e r a b l y  across these c o u n t s .  

C i n c i n n a t i - O x f o r d  area reported lower  numbers o f  m i g r a n t s  t h a n  

i n  p r e v i o u s  y e a r s .  

s p r i n g ,  there were no pronounced peak d a y s  o f  abundance .  

R a t h e r ,  t h e  m i g r a n t s  t h i s  s p r i n g  seemed t o  t r i c k l e  t h r o u g h .  

A l l  Audubon g r o u p s  w i t h i n  t h e  

Because of t h e  u n s e a s o n a b l y  w a r m  a n d  d r y  

The May c o u n t s ,  t h e  FMPC c o u n t s ,  a n d  o u r  o f f s i t e  areas had 

lower  t h a n  normal  records f o r  m i g r a n t  t h r u s h e s  a n d  warblers. 

Reduced numbers of t h r u s h e s  were recorded fo r  v e e r y s  (Hylocichla 

f u s c e s c e n s ) ,  gray-cheeked  t h r u s h e s  (H. m .  minima) a n d  Swa inson ' s  

t h r u s h e s  ( H .  u s t u l a t a  s w a i n s o n i ) .  Seven common m i g r a n t  warblers 

were n o t  recorded on t h e  FMPC or on any  of t h e  4 area May c o u n t s  

w e  had access t o .  They were the  Nashville warbler ( V e r m i v o r a  r. 

r u f i c a p i l l a )  , magnolia warbler ( D e n d r o i c a  m a g n o l i a )  , black- 

throated b l u e  warbler ( D .  c. c a e r u l e s c e n s ) ,  b a y - b r e a s t e d  warbler 

( D .  C a s t a n e a ) ,  c e r u l e a n  warbler ( D .  c e r u l e a ) ,  L o u i s i a n a  

waterthrush ( S e i u r u s  m o t a c i l l a ) ,  and  Canada warbler ( W i l s o n i a  

c a n a d e n s i s ) .  Thus, t h e  p a t t e r n  of s p r i n g  m i g r a n t  b i rds  on t h e  

FMPC d id  n o t  d i f f e r  a p p r e c i a b l y  from t h a t  of t h e  s u r r o u n d i n g  

area.  

ADDITIONAL BREEDERS 

Wood ducks  ( A i x  sponsa)  were s u s p e c t e d  of b r e e d i n g  on t h e  



FMPC ( S e c t i o n  I ) .  Dur ing  o u r  s p r i n g  c o u n t s  t h i s  year one p a i r  

was c o n s i s t e n t l y  f l u s h e d  from a n e s t  t r ee  a l o n g  Paddy’s  Run n e a r  

t h e  NW c o r n e r  of W 3  ( F i g .  1). Thus, t h i s  s p e c i e s  s h o u l d  be 

i n c l u d e d  i n  t h e  FMPC l i s t  of b i r d s  b r e e d i n g  on t h e  s i t e .  

A p a i r  of house f i n c h e s  ( C a r p o d a c u s  mexicanus) was obse rved  

a t  t h e  same l o c a t i o n  on a l l  of o u r  c o u n t s  i n  W2, and  a n o t h e r  

p a i r  f r e q u e n t e d  an  o f f s i t e  s p r u c e  n u r s e r y  located several  

hundred  meters n o r t h  of t h e  n o r t h e r n  boundary f e n c e .  House 

f i n c h e s  are  of i n t e r e s t  b e c a u s e  of t h e  r e c e n t  r a p i d  westward 

e x p a n s i o n  of t h e i r  b r e e d i n g  r a n g e s .  O r i g i n a l l y  of w e s t e r n  

o r i g i n  a n d  found i n  c i t i e s ,  s u b u r b s  and  farms, t h e y  were 

i n t r o d u c e d  i n  e a s t e r n  N e w  York i n  1940 and  reached w e s t e r n  

I l l i n o i s  by  1980 ( P e t e r s o n  1 9 8 0 ) .  House f i n c h e s  are n o t  

i n c l u d e d  on any  of t h e  check-lists f o r  s o u t h w e s t e r n  Ohio 

(Trautman and  Trautman 1968; A u s t i n g  a n d  Imbrogno 1976; P e t e r s o n  

1 9 8 2 ) .  They were f i r s t  reported i n  t h i s  area on t h e  Hamilton- 

Fa i r f i e ld  Chris tmas B i r d  Count i n  1982 (Heilman 1 9 8 3 ) .  

P o p u l a t i o n s  have been reported t o  i n c r e a s e  e x p l o s i v e l y .  F i r s t  

reported a t  w i n t e r  feeders i n  c e ’ n t r a l  N e w  York i n  1971 t h e y  

numbered over 5000/100 feeders w i t h i n  e l e v e n  y e a r s  ( B u r t t  and  

B u r t t  1984)  a n d  are predicted t o  become one of t h e  most numerous 

resident species in N e w  York a l o n g  w i t h  European s t a r l i n g s  

( S t u r n u s  v u l g a r i s )  a n d  house  sparrows (Passer  domesticus). 

Recent  s t u d i e s  (Kricher 1983)  show tha t  t h e  d e c l i n e s  of house  

sparrows i n  t h e  n o r t h e a s t e r n  U . S .  are w e l l  correlated t o  

i n c r e a s e s  i n  house  f i n c h  p o p u l a t i o n s .  A s  house  f i n c h e s  become 

more established l o c a l l y ,  t h e y  may b e  a common breeder a t  t h e  



FMPC within a few years. 

GROWTH AND REPRODUCTIVE SUCCESS IN DOVES AND ROBINS 

INTRODUCTION 

Growth analyses have been shown to be a sensitive measure 

of environmental stress in game animals (Fendly and Brisbin 

1977), gulls (Gilbertson and Fox 1977) I eagles (Helander et al. 

1982), and in passerine birds (Zach and Mayoh 1984). Birds have 

been useful in monitoring environmental radionuclides at atomic 

waste sites (Willard 1960), at cooling reservoirs (Brisbin et 

al. 1973) and at nuclear power stations (Levy et al. 1975). 

Subsequent growth depression of nestlings has been found in 

experimentally irradiated tree swallow (Tachycineta bicolor) 

eggs (Zach and Mayoh 1986) and nestlings (Zach and Mayoh 19841, 

and experimentally irradiated chick ( G a l l u s  domesticus) embryos 

(Essenberg 1935, Bless and Romanoff 1943, Muller and Moreng 

1966, Tyler et al. 1967). Results from chick embryo studies 

suggest that exposure to high level radiation during development 

may lead to reduced fertility (Muller and Moreng 1963; Mraz and 

Woody 1973) and stunting (Muller and Moreng 1966, Tyler et al. 

1967). 

risk to FMPC birds. 

Constant low-level radiation exposure may be a potential 

As part of an intensive year-long baseline ecological 

study, preliminary investigations were initiated in late spring 

1987 in order to characterize growth and reproductive success in 

birds at the FMPC. Mourning doves (Zenaida macroura)  and 



American r o b i n s  (Turdus migratorius) a r e  i d e a l l y  s u i t e d  f o r  t h i s  

s t u d y .  They were among t h e  most abundant  breeding ( S e c t i o n  I )  

and  w i n t e r i n g  ( S e c t i o n  11) s p e c i e s  o n s i t e ,  t h u s  b e i n g  

c o n t i n u a l l y  p r e s e n t  on p l a n t  p r o p e r t y .  Both doves and  robins  

are o p e n - n e s t i n g  s p e c i e s  hav ing  s imi l a r  h a t c h i n g  and  f l e d g i n g  

s u c c e s s  (Young 1 9 5 5 ) ,  however, t h e y  d i f f e r  i n  t e r r i t o r i a l  

b e h a v i o r  and  d i e t .  

Doves d e f e n d  o n l y  t h e  immediate v i c i n i t y  of t h e  n e s t  ( t y p e  

Iv t e r r i t o r y ;  Welty 1982) and  p r o b a b l y  feed o n s i t e  i n  open weedy 

areas o r  i n  a d j a c e n t  o f f s i t e  g r a i n  f i e lds .  Only t races  of 

i n s e c t  o r  o ther  a n i m a l  f o o d s  are e a t e n ;  c o r n ,  wheat and  grass 

seeds are the  three top - ranked  p l a n t  f o o d s  f o r  Ohio dove 

p o p u l a t i o n s  ( M a r t i n  e t  a l .  1 9 5 1 : l l l ) .  Young doves  are n o t  fed, 

these foods d i r e c t l y ,  b u t  are fed ' p i g e o n  m i l k '  which i s  

p roduced  by  t h e  mother's crop (Welty 1 9 8 2 ) .  

Robins ,  on  t h e  other hand, d e f e n d  r e l a t i v e l y  smal l  

t e r r i to r ies  (Wiscons in  p o p u l a t i o n s  averaged 1200 m2; Young 1951)  

fo r  mat ing ,  n e s t i n g  a n d  f e e d i n g  (type I t e r r i t o r y ;  Welty 1982)  

a n d  prefer c l e a r i n g s ,  lawns a n d  orchards when f o r a g i n g .  Seven ty  

n i n e  p e r c e n t  of their  s p r i n g  d i e t  is  a n i m a l  foods, c h i e f l y  

earthworms, g round  beetles a n d  dung beetles (Mar t in  e t  a l .  

1 9 5 1 ) ;  t he  food of n e s t l i n g  r o b i n s  i s  c h i e f l y  i n s e c t  larvae and  

earthworms. Thus, these s e c o n d a r y  consumers  are more l i k e l y  t o  

feed i n  o r  n e a r  t h e i r  n e s t i n g  si tes t h a n  are g r a n i v o r o u s  doves. 

Because  doves a n d  r o b i n s  occupy d i f f e r e n t  t r o p h i c  levels w i t h i n  

t h e  FMPC ecosys tem,  t h e y  may be affected d i f f e r e n t l y  by 

e n v i r o n m e n t a l  stress a t  t he  FMPC (Levy e t  a l .  1 9 8 2 ) .  



METHODS 

Dove and robin n e s t s  from the  northern ( P P 1 )  and southern 

( P P 2 )  pines (F ig .  1) and from t h e  Miami Universi ty  

campus/Hueston Woods S t a t e  Park were followed through f ledging .  

The growth parameters measured included egg and chick weights, 

and the  length of t h e  wing, l a s t  primary, t h i r d  t oe ,  and b i l l .  

Measurements of each parameter f o r  each spec ies  were taken 

d a i l y .  Experimentals and cont ro ls  were measured a t  t h e  same 

age.  Average asymptotic values were used i n  t h e  f i n a l  

computations of t h e  r e s u l t s .  Clutch s ize ,  hatching and f ledging  

success w e r e e a l c u l a t e d  f o r  each species  by h a b i t a t  type .  

RESULTS 

C l u t c h  s i z e s  of doves from t h e  FMPC s i tes  were not 

s i g n i f i c a n t l y  ( p  > 0.05)  d i f f e r e n t  from each o the r  or from 

o f f s i t e  populations (Table 2 9 ) .  Hatching success of P P 1  doves 

was s i g n i f i c a n t l y  (p < 0 .05)  lower a s  compared t o  P P 2 .  Fledging 

success was s i g n i f i c a n t l y  ( p  < 0.05)  lower i n  t h e  northern pines 

a s  compared t o  t h e  southern pine and o f f s i t e  populat ions.  

weights d i d  not d i f f e r  s i g n i f i c a n t l y  ( p  > 0.05) across  h a b i t a t s  

Egg 

(Table 3 0 ) .  There. were no s i g n i f i c a n t  (p  > 0.05) d i f f e rences  i n  

any of t h e  5 growth s ta t i s t ics  measured i n  pref ledging mourning 

doves by h a b i t a t  type; FMPC nes t l i ngs  were s i m i l a r  t o  o f f s i t e  

populations (Table 3 1 ) .  

Average c l u t c h  s i z e  and hatching success of robins  d i d  not 

d i f f e r  s i g n i f i c a n t l y  (p  > 0.05)  among t h e  sampling si tes (Table 



2 9 ) .  Fledging success was significantly (p < 0.05) lower in the 

southern pines as compared to offsite populations. Robin eggs 

from the northern pines (Table 30) weighed significantly'(p < 

0.01) less than eggs from offsite populations and from the 

southern pines; however, eggs from offsite populations and from 

the southern pines were similar in weight. FMPC robins also 

showed suppressed growth in 4 of the 5 prefledging growth 

parameters measured (Table 31). Prefledging robin weights were 

significantly (p < 0.05) lower in nestlings from the northern 

pines as compared to offsite populations. FMPC robins from both 

pine plantations showed a significant (p < 0.01) reduction in 

the length of the last primary and in wing length, and 

prefledglings from the southern pines showed a significant (p < 

0.01) reduction in the length of the bill. No significant (p > 

0 . 0 5 )  differences existed in the length of the third toe between 

FMPC birds and offsite populations. 

D I S C U S S I O N  

Statistically significant differences were found in the 

mortality rates of eggs and nestlings of FMPC doves and robins. 

Hatching success was significantly (p. < 0.05) lower for mourning 

doves from the northern as compared to the southern pines; 

fledging success of doves was significantly (p < 0 . 0 5 )  reduced 

in PP1 as compared to offsite populations, and significantly (p 

< 0.05) reduced for robin nestlings from PP2 as  compared to 

offsite populations. There were no observable signs of 

deformity in any of the FMPC hatchlings we studied. 
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Growth of FMPC robins  was much more seve re ly  suppressed 

than i n  FMPC doves which may be r e l a t e d  t o  d i f fe rences  i n  d i e t .  

I n  o t h e r  s tud ie s ,  mean rad ionucl ide  body b u r d e n s  f o r  rob ins  have 

been repor ted  t o  be more than three  times t h a t  of mourning doves 

c o l l e c t e d  from t h e  same s i t e  (Levy e t  a l .  1 9 7 6 ) .  Di f fe rences  

were a t t r i b u t a b l e  t o  t h e  t r o p h i c  l e v e l s  each spec ie s  occupied 

w i t h i n  t h e  same local h a b i t a t  ( i  .e .  , i n sec t ivo rous  s p e c i e s  had 

s i g n i f i c a n t l y  h igher  body burdens than d i d  granivorous s p e c i e s ) .  

T h i s  is s i g n i f i c a n t  when cons ider ing  d i f f e r e n c e s  found i n  t h e  

growth p a t t e r n s  between robins  and doves on t h e  FMPC. 

TBREATENED AND ENDANGERED SPECIES 

N o  f e d e r a l l y  endangered p l a n t  or animal s p e c i e s  were 

observed on t h e  FMPC. One avian spec ie s  w a s  recorded o n s i t e  

which appears  on t h e  "Rare Species  of Native Ohio Wild Animals" 

l i s t  (DNAP-ODNR 1982) . Cooper's hawks (Accipiter cooper i i )  

were f r equen t ly  s i g h t e d  i n  t h e  nor thern  and southern p i n e s .  

This  s p e c i e s  i s  l is ted as an uncommon, but  r egu la r ,  b reeder  i n  

t h e  C inc inna t i  area (CNC 19781, a non-breeder i n  Hueston Woods 

(Osborne and Smallwood 19821, and a th rea t ened  breeder  i n  Ohio 

(DNAP-ODNR 1982) .  

summer and win te r  on t h e  FMPC (Sec t ions  I, 11). They are  

considered an uncommon t o  common s p r i n g  migrant i n  Ohio 

(Trautman and Trautman 1968) .  

FMPC. 

Cooper's hawks have been r epor t ed  dur ing  

W e  estimate t w o  p a i r s  on t h e  
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ENVIRONMENTAL POPULATION GENETICS 

BENTHIC MACROINVERTEBRATES 

STUDY SITES 

Benthic macroinvertebrates were collected from nine 

riffle/pool sites on Paddy's Run (Fig. 2 )  from November 18 - 
December 20, 1986. Seven of the sites (2-9; samples from sites 

5 and 6 were accidentally combined) lay within the boundaries of 

the FMPC. Physical characteristics of the riffles and pools 

have been previously summarized (Section 11). In February 1987 

we collected benthos samples from sites 1, 3, 5 and 11 in 

Paddy's Run and a site in Harker's Run, approximately 2 km from 

Oxford, Butler Co., OH. This latter study site served as a - 
reference sample. 

At each site we attempted to collect a minimum of 20 

specimens of each of the following benthic macroinvertebrates: 

mayflies (Stenonema femoratum), midges (Chironomus tentans) and 

isopods (Lirceus fontinalis). Samples from a given site are 

identified by the date of collection, e.g., 116 (November 1986) 

or 27 (February 19871, followed by the site number (name); they 

are referenced in this manner throughout the remainder of this 

section. 
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ELECTROPHORETIC METHODS 

Specimens were stored frozen at -70 C until needed for 

electrophoresis. At the appropriate time individuals were 

thawed, homogenized manually in spot plates without extractant 

and electrophoresed immediately. 

are detailed in Table 32. Gels were 15% Sigma starch (Karlin 

and Guttman 1981) except for the LiOH system which was made with 

13% Sigma starch. 

Loci analyzed and buffers used 

Histochemical procedures followed Harris and Hopkinson 

(1976) and Selander et al. (1971). After the gels were stained, 

the genotypic composition of each sample at each locus was 

determined and recorded. 

the BIOSYS-I computer program (Swofford and Selander 1981). 

Allele frequencies, deviations from expected genotypic 

proportions assuming Hardy-Weinberg equilibrium conditions and 

amount of genetic variation were determined. Chi-square ( X 2 )  

contingency tests for interpopulation heterogeneity were 

Genotypic data were analyzed using 

performed. 

equilibrium and methods for determination of expected genotypic 

proportions and heterozygosity. 

See Section I for discussion of Hardy-Weinberg 

RESULTS 

Stenonema femoratum - mayfly 
Six loci (EST-1, EST-2, GPI-1, MDH-1, NSP-1, PGM-1) were 

variable in most mayfly samples (Table 33). Allelic diversity 

was similar in all samples (Table 34) as was the percentage of 

polymorphic loci. Mean direct-count heterozygosity was similar 
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to expected in all samples except 116-3, 1 1 6 - 5 / 6  and 116-8; at 

these sites actual heterozygosity was approximately one-half 

expected. Significant deviations from values expected under 

conditions of Hardy-Weinberg equilibrium occurred at all sites 

but were more concentrated at sites 3, 5/6, 8 and 10 where the 

non-conformation index (the summation of the number of loci that 

deviate significantly from expected genotypic proportions in 

samples from a site divided by the number of variable loci in 

samples from that site) was between 50% and 67% (Table 35). All 

instances of non-conformation, except for NSP at site-10 were 

determined by heterozygote deficiencies; there was an excess of 

heterozygotes. at NSP in mayflies from site 10. 

Contingency X2 analyses demonstrate significant differences 

among all mayfly population samples from November 1986 (Table 

36); 67% of the comparisons deviated significantly. Pairwise 

analyses between mayflies from adjacent sites indicate that 

changes occur over short distances and are not determined by 

distance. 

one locus (GPI-1, p 5 0.05) and heterogeneity does not occur at 

any locus between insects from sites 2 and 10. However, 67% of 

the polymorphic loci exhibit heterogeneity over the short 

distance between sites 2 and 3. 

exist between mayflies from site 8 compared with site 9 or from 

site 9 compared with site 10, contingency X2 comparisons between 

Stenonema from site 8 and from site 10 indicate heterogeneity at 

50% of the variable loci. Comparisons between mayflies from 

site 2 with those from either sites 8 or 9 were heterogeneous at 

Mayflies from sites 1 and 2 are heterogeneous at only 

While heterogeneity does not 
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33% of t h e  v a r i a b l e  l o c i  ( p  S 0 . 0 1  and p S 0 . 0 5 ,  r e s p e c t i v e l y ) .  

The February  1 9 8 7  d a t a  i nd ica t e  t h a t  t h e  p e r c e n t  non- 

conformat ion  remains e l e v a t e d  a t  s i t e s  3 and 5 compared w i t h  

s i t e  1 (Table 3 5 ) .  Two new s i t e s  were sampled a t  t h i s  t i m e .  

S i t e  11, below t h e  N e w  Haven Road bridge has a non-conformation 

index  of  0 . 6 7 ;  t h i s  i s  t h e  h i g h e s t  for t h e  Stenonema i n  t h e  

Februa ry  samples. S i t e  HR, t h e  o f f s i t e  r e f e r e n c e  sample,  and 

s i t e  1, above t h e  FMPC, have the  lowest i n d e x  v a l u e s .  When a l l  

p o p u l a t i o n s  are compared, s i g n i f i c a n t  (p 5 0 .01)  h e t e r o g e n e i t y  

w a s  found o n l y  a t  t h e  GPI-1 l o c u s  (Table 3 6 ) .  Three s i tes  (1, 

3, 5/61 were sampled on b o t h  dates. The greatest changes 

o c c u r r e d  i n  t h e  Stenonema from s i te  3 (Table 3 6 ) ;  67% o f  t h e  

variable loc i  were s i g n i f i c a n t l y  (p 5 0.01) d i f f e r e n t  between 

t h e  t w o  sampl ing  dates. T h i s  c o n t r a s t s  w i t h  a change a t  o n l y  

17% of t h e  loc i  a t  s i t e  1 ( p  5 0 . 0 5 )  and 33% a t  s i te  5 / 6  ( p  S 

0 . 0 5 ) .  

Chironomus tentans - midge 

Two loc i  (GPI-1, MPI-1) were variable i n  t h e  midges 

examined (Table 3 7 ) .  

from 3 . 0  t o  4.0 ( T a b l e  3 8 ) .  Direc t -count  h e t e r o z y g o s i t y  a t  

these t w o  loci ranged from 23% t o  51% (Table 3 8 ) .  November 

samples from sites 3 and 1 0  were t h e  l eas t  he t e rozygous  w h i l e  

greatest h e t e r o z y g o s i t y  o c c u r r e d  i n  t h e  Februa ry  sample from 

s i t e  1. Mean d i r e c t - c o u n t  h e t e r o z y g o s i t y  was s l i g h t l y  above 

h a l f  t h a t  expected under  c o n d i t i o n s  of Hardy-Weinberg 

e q u i l i b r i u m  i n  t h e  November sample from s i t e  3 and  less t h a n  

Mean number of a l le les  per l o c u s  ranged 



half that expected in the site 10 sample (Table 38). Genotypic 

distributions were generally in accord with those expected under 

conditions of Hardy-Weinberg equilibrium (Table 39); however, 

significant deviations occurred at sites 1, 3 and 10. 

Contingency X2 analyses indicate allele frequencies were 

homogeneous both for comparisons among samples grouped by date 

of collection and between samples from the same site collected 

on different dates (Table 4 0 ) .  

L i r c e u s  fontinalis - isopod 
Two (EST, GPI-1) of the loci analyzed were variable (Table 

37); all samples of isopods exhibited two GPI alleles and a 

minimum of three EST alleles appear to be segregating in each 

population. Mean direct-count heterozygosity at these two loci 

ranged from 25% in the November sample from site 1 to 67% in the 

sample from site 10 (Table 38). Values for direct-count 

heterozygosity in most samples approximated those expected under 

conditions of Hardy-Weinberg equilibrium. However, the November 

collections from sites 1, 2 and 3 exhibited less than 64% of.the 

expected variability (Table 38) ; this reduction in 

heterozygosity is reflected in the significant deviations from 

expected genotypic proportions (Table 39). Allele frequencies 

at the EST locus were significantly heterogeneous when 

comparisons were made among all Paddy's Run samples collected in 

November 1986 (Table 40) and when the two samples from site 1 

were compared. 

3 2 8  



DISCUSSION 

A s  ben th ic  animals i n  Paddy's Run, m a y f l i e s  a r e  s u b j e c t  t o  

pulsed runoff caused by per iods  of heavy r a i n  and may be sub jec t  

t o  FMPC waste m a t e r i a l s .  The f i s h  community surveyed (Sec t ion  

11) r ep resen t s  t axa  t h a t  occupy a l l  l e v e l s  of t h e  Paddy ' s  Run 

water column. A comparison of g e n e t i c  s t r u c t u r e  of mayfly 

popula t ions  from above the  FMPC w i t h  those on and below t h e  FMPC 

al low u s  t o  de t e rmine  whether changes occur i n  these organisms 

w i t h i n  t h e  s e c t i o n  of stream sampled. 

S i g n i f i c a n t  d i f f e r e n c e s  e x i s t  between m a y f l i e s  from s i t e  3 

and those  from o t h e r  si tes.  Stenonema from t h i s  s i t e  had 

g r e a t l y  reduced he terozygos i ty  compared with expected va lues ;  

contingency X2 analyses  demonstrated t h a t  67% of t h e  v a r i a b l e  

l o c i  i n  mayf l ies  from t h i s  s i te  were s i g n i f i c a n t l y  d i f f e r e n t  

from t h o s e  i n  conspec i f i c s  from s i te  2 .  T h e  d i s t a n c e  between 

s i tes  2 and 3 is approximately 250 m .  

between Stenonema samples from sites 2 and 10, s epa ra t ed  by 

approximately 2500 m, i n d i c a t e s  t h a t  d i s t a n c e  between si tes 

wi th in  t h e  stream is not  a determinant of mayfly popula t ion  

he te rogene i ty .  

Lack of he t e rogene i ty  

The d i f f e r e n c e s  observed i n  Stenonema were also found i n  

f i s h  popu la t ions  s t u d i e d  earlier (Sect ion 11). A non- 

conformation index was developed t o  determine correspondence of 

genotypic  p ropor t ions  t o  expected values  for t h e  f i s h  community 

a t  each sampled s i te .  Their  d a t a  i n d i c a t e d  a s i g n i f i c a n t l y  

h igher  pe rcen t  non-conformation i n  t h e  f i s h  from s i t e  3 t han  

from s i t e  2 .  
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Significant variation also occurred 
_* 

x. 

sites in Paddy's Run at the southern end of the FMPC. Sixty- 

seven percent (four of six) of the variable loci in Stenonema 
- 

from site 8 significantly varied from expected genotypic: 

distributions; this degree of non-conformation paralleled mayfly 

samples from only site 3. Two variable loci failed to conform 

to expected values in Stenonema samples from sites immediately 

upstream (site 5/6) and downstream (site 9) from site 8. Chi- 

square heterogeneity tests indicate that while all individual 

locus comparisons between mayfly samples from adjacent sites 

(sites 8 vs 9; sites 9 vs 10) are non-significant, 50% of the 

heterogeneity comparisons between Stenonema from sites 8 and 10 

show significant differentiation. 
b' 

selection is occurring on Stenonema specific to sediments at 

These data suggest that 

site 8 and there is a gradual change in possible effects on 

population structure downstream. 

exist in any comparison between mayflies from sites 2 and 10, 

Since heterogeneity does not 

recovery from the effects of perturbation at site 8 appears to 

be complete by s i te  10. 

Only two (11%) of the loci were polymorphic in Lirceus. 

Isopod data from the 1986 sample indicate that populations from 

sites 1-3, in Paddy's Run were different genetically from those 

from site 4 and downstream. Significant lack of conformation to 

expected values under conditions of Hardy-Weinberg equilibrium 

occurred 83% of the time in the November sample from sites 1-3; 

only 10% of the 1986 collections from downst-ream sites were 
_. . 

significantly different from expected. The only significant 
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d e v i a t i o F '  from expec ted  g e n o t y p i c  p r o p o r t i o n s  i n  t h e  February  

1 9 8 7  sample w a s  GPI-1 i n  t h e  o f f s i t e  r e f e r e n c e  sample .  Thus ,  

t h e  g e n e t i c  data  sugges t  t h a t  e i t h e r  n a t u r a l  o r  human 

env i ronmen ta l  d i s t u r b a n c e  ups t ream from s i t e  1 i n  Paddy ' s  Run 

caused  a change i n  g e n e t i c  s t r u c t u r e  of  t h e  i sopod  p o p u l a t i o n s  

p r e s e n t  i n  November 1986 a t  s i tes  1-3; subsequent  t o  t h e  1986 

sampl ing  date,  envi ronmenta l  c o n d i t i o n s  were a l te red  and  i sopod  

p o p u l a t i o n  g e n e t i c  s t r u c t u r e  i n  t h e  upsfream s i tes  m i r r o r e d  t h a t  

p r e s e n t  downstream. 

Lirceils g e n e t i c  s t r u c t u r e .  

The FMPC does n o t  appea r  t o  be a f f e c t i n g  

Data from a n a l y s e s  of  midges are more d i f f i c u l t  t o  

i n t e r p r e t  f o r  several r e a s o n s .  F i r s t ,  t h e  p e r c e n t  po lymorphic  

l oc i  (14%) w a s  lower t h a n  i n  m a y f l i e s  (40%) and, t h e r e f o r e ,  o n l y  

t w o  l o c i  were available fo r  s t u d y .  Second, midge taxonomy i s  

e x t r e m e l y  d i f f i c u l t .  P r e s e n t l y ,  t h e  most re l iab le  s p e c i e s  

i d e n t i f i c a t i o n s  are based on wing v e n a t i o n  and  i n t e r n a l  

g e n i t a l i a  o f  emerged a d u l t s  or p o l y t e n e  chromosome a n a l y s i s  of 

larvae (Brennan 1981); w e  had t o  homogenize larvae i n  o u r  

a n a l y s i s  and, a l t h o u g h  e l e c t r o p h o r e t i c  p a t t e r n s  d id  n o t  s u g g e s t  

t h a t  o u r  samples were composed of mixed species, w e  canno t  be 

c e r t a i n  t h a t  o n l y  one s p e c i e s  w a s  used .  Th i rd ,  Chironomus w a s  

n o t  present a t  H a r k e r ' s  Run or a t  s i tes  1 and 2 i n  t h e  November 

sample from Paddy's  Run; t h i s  genus is  u s u a l l y  p r e s e n t  i n  

sed imen t s  where envi ronmenta l  oxygen i s  l o w  due t o  m i c r o b i a l  

t 

decomposi t ion  of : 'organic  matter (Brennan 1981). W e  were able t o  

co l lec t  it i n  Februa ry  1987. T h i s  e p i s o d i c  o c c u r r e n c e  of 

Chironomus tends t o  n e g a t e  i t s  s i g n i f i c a n c e  as a c a n d i d a t e  fo r  



monitoring genet ic  changes due t o  environmental dis turbance.  

RABBITS 

METHODS 

Ten eas t e rn  c o t t o n t a i l  r abb i t s  (Sylvilagus f l o r i d a n u s )  were 

co l l ec t ed  (March 19 - April  3, 1987) from t h e  northern pine 

s tand (PP-1, Fig.  1) and s i x  were obtained from o f f s i t e  a r e a s .  

Rabbits on the  FMPC were l ive-trapped using t h e  t r a p  design of 

Edwards (1975); o f f s i t e  animals were co l l ec t ed  by various 

methods between March 20 and June  3, 1987. 

t h e  FMPC yielded 16.1 c o t t o n t a i l s  per  1000 t r a p  n ights .  

da ta  a r e  not ava i l ab le  f o r  o f f s i t e  c o l l e c t i o n s .  

Trapping e f f o r t  a t  

Similar  

Equal por t ions  of se lec ted  organs (hea'rt, kidney, lung, 

l i v e r  and biceps femoris musc le)  were removed from each r abb i t  

and s to red  frozen a t  -7OOC. Immediately p r i o r  t o  

e lec t rophores i s  t issues  from each r abb i t  were homogenized 

toge ther  and centr i fuged a t  18,000 g a t  4OC. The supernatant 

was c o l l e c t e d  and used f o r  e l ec t rophore t i c  ana lys i s .  

analyzed and bu f fe r s  used are d e t a i l e d  i n  Table 1. G e l s  were 

15% Sigma s t a r c h  ( K a r l i n  and Guttman 1981) except f o r  t h e  L i O H  

t 

Loci 

s y s t e m  which was made with 13% Sigma starch. 

Histochemical procedures followed Harr is  and Hopkinson 

(1976) and Selander e t  a l .  (1971). After  t h e  ~ 9 . 1 ~  were s ta ined ,  

t h e  genotypic composition of each sample a t  each locus was 

determined and recorded. 

t h e  BIOSYS-I computer program (Swofford and Selander 1981). 

Genotypic da t a  were analyzed using 
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Allele frequencies, deviations from expected genotypic 

proportions assuming Hardy-Weinberg equilibrium conditions, 

amount of genetic variation were determined. 

and 

RESULTS 

Half of the loci examined (AAT-1, AAT-2, ALD-2, GPI, I D H - 2 ,  

LDH, MDH-1, MDH-2, PEP-2, SOD-1, SOD-2, TPI) were monomorphic in 

the two samples. No more than three alleles occurred at a 

polymorphic locus (Table 41). Allele frequencies and genetic 

variability parameters (Table 42) were similar in the two 

samples. A significant (p < 0.01) deviation from Hardy-Weinberg 

expected genotypic proportions occurred for the EST-1 locus in 

the offsite sample. Small sample sizes precluded the use of X2 

contingency tests for analysis of potential heterogeneity among 

groups. 

DISCUSSION 

The two S y l v i l a g u s  f l o r i d a n u s  samples were genetically very 

Rabbits onsite and offsite possessed the same level of similar. 

genetic variation averaging 44% polymorphic loci and 16% 

heterozygosity. Scribner and Warren (1986) reported much lower 

levels of variation (P-23%; H-3%) in S .  f l o r i d a n u s  from Texas. 

Genetic differences were not observed between the FMPC and 

offsite S .  f l o r i d a n u s  sampled, however rabbits are highly vagile 

and have largawme ranges (Edwards, pers. com.) . The rabbits 

caught in the northern pine plantation might have been 

transients or might only occur in the pine plantations for short 

periods of a day or week. Unequivocal data can only be obtained 



a f t e r  long-term moni to r ing  of mo ements of  these anima .s 

i n d i c a t e  t h e  p e r c e n t a g e  of t i m e  t h e y  o c c u r  on t h e  FMPC. 

SUMMARY AND CONCLUSIONS 

Vege ta t ion  was the  dominant ground cove r  i n  1 0  of 11 

h a b i t a t s  s t u d i e d  on t h e  FMPC d u r i n g  t h e  s p r i n g ,  1 9 8 7 .  L i t t e r  

w a s  a n  impor t an t  component of t h e  ground cove r  i n  p i n e  

p l a n t a t i o n s  and  woodlo ts .  

The v e g e t a t i v e  cove r  on t h e  FMPC w a s  made up of 1 4 3  s p e c i e s  

of  herbaceous  p l a n t s .  Almost two- th i rds  o f  t h e  s p e c i e s  found a t  

t h e  FMPC were p r e s e n t  i n  o n l y  one o r  t w o  o f  t h e  11 h a b i t a t s .  

The s p e c i e s  t h a t  were found throughout  t h e  FMPC were a l s o  t h e  

most abundant .  Seventy  s p e c i e s ,  i n c l u d i n g  many grasses 

(Poaceae) and mustards  (Brassicaceae), were found t h a t  have 

n e v e r  been r e p o r t e d  on t h e  FMPC. Twelve species were found a t  

t h e  FMPC tha t  have n o t  been documented o f f s i t e  i n  nearby p a r k s  

and p r e s e r v e s .  

High f l o r a l  d i v e r s i t y  w a s  found i n  t h e  n o r t h e r n  p i n e  

p l a n t a t i o n  (PP1)  , s o u t h e a s t e r n  woodlot (W2), and n o r t h e r n  

r i p a r i a n  system (RN1) as compared t o  similar o n s i t e  communities.  

Although more s p e c i e s  were documented i n  s p r i n g  t h a n  i n  summer 

( S e c t i o n  I ) ,  d ivers i t ies  by  hab i t a t  were g e n e r a l l y  h i g h e r  i n  

summer. 

of t h e  summer. 

S p r i n g  community s i m i l a r i t y  p a t t e r n s  p a r a l l e l e d  t h o s e  

. S i x  impor tan t  p l a n t  families and 10  s p e c i e s  were l i s t e d  a s  

m i s s i n g  or i n  low abundance a t  t h e  FMPC. The most n o t a b l e  



absences were squirrel-corn (Dicentra c a n a d e n s i s )  and Dutchman's 

breeches (D. c u c u l l a r i a ) ,  both of which have been documented in 

good abundance from several nearby offsite locations. 

Forty taxa of benthic macroinvertebrates were collected 

from two onsite riffle/pool sampling stations on Paddy's Run and 

one similar offsite station on Harker's Run during February, 

1987. Twenty-six, 21 and 20 taxa were collected at Paddy's Run 

site 1 (PRl), Paddy's Run site 11 (PRll), and Harker's Run site 

1 (HRl), respectively. Representatives from 9 families were 

present at all three sampling locations. Non-biting midges 

(Chironomidae) constituted from 84 to 92% of all organisms, 

depending on site. 

were usually 10-20 times more abundant than the next most 

Chironomids were present at every site and 

dominant taxa. 

sites due to the high number of chironomids present. 

Chironomids were excluded from the analysis, family diversity 

was near normal. As expected, the benthic communities on 

Diversity parameters were depressed at all three 

When 

Paddy's Run were more similar to each other than to Harker's 

Run. 

Benthic density in the riffle at PRll was nearly twice that 

at PR1 and 50% greater than at HR1. 

due to influxes of nutrient from agricultural and industrial 

High density at PRll may be 

runoff upstream, or to stream and substrate characteristics, or 

both. 

was least. 

be attributable to the low abundance of detritus and other 

organic material which could serve as food for benthic animals. 

For the pool community, PR1 density was greatest and HR1 

Low benthic density in the pool at Harker's Run may 



Nine teen  f i s h  s p e c i e s  were co l lec ted  i n  March (18  s p e c i e s )  

and  June (18  s p e c i e s )  from 6 s i t e s  on Paddy ' s  Run i n  1987 ;  

T h i r t e e n  s p e c i e s  were co l lec ted  i n  June ,  1986, when o n l y  3 s i t e s  

were c o l l e c t e d  ( S e c t i o n  I ) .  The March 1987 c o l l e c t i o n  w a s  

dominated  by t h e  b l u n t n o s e  minnow, w i t h  t h e  s t o n e r o l l e r  minnow, 

r o s e f i n  s h i n e r ,  o r a n g e t h r o a t  darter,  a n d  f a n t a i l  dar ter  a l s o  

c o m p r i s i n g  a l a r g e  p r o p o r t i o n  of t h e  t o t a l  community. I n  June ,  

1987, t h e  s t o n e r o l l e r  minnow was t h e  dominant s p e c i e s ,  w h i l e  t h e  

b l u n t n o s e  minnow, s i lver jaw minnow, creek chub, johnny darter,  

a n d  o r a n g e t h r o a t  dar ter  each c o n s t i t u t e d  a major p o r t i o n  o f  t h e  

p i s c i n e  community. 

Two s t a t i o n s  were a l so  sampled i n  H a r k e r ' s  Run. F o u r t e e n  

t o t a l  taxa were collected d u r i n g  t h e  March a n d  J u n e  sampl ing  

p e r i o d s .  L i k e  Paddy ' s  Run, H a r k e r ' s  Run was dominated  by 

c y p r i n i d s  a n d  percids (dar te rs ) .  Fewer s p e c i e s  were e x p e c t e d  i n  

Harker's Run b e c a u s e  fewer si tes were sampled and  b e c a u s e  

H a r k e r ' s  Run is  a lower order stream. 

Based on t h i s  s u r v e y ,  Paddy ' s  Run appears t o  s u p p o r t  a 

diverse  i c h t h y o f a u n a .  

y i e l d e d  overall  v a l u e s  somewhat lower t h a n  H a r k e r ' s  Run i n  

Narch, but h i g h e r  i n  J u n e .  A n  e x a m i n a t i o n  of d i v e r s i t y  a t  each 

s i t e  i n  Paddy's Run y i e l d e d  several n o t a b l e  r e s u l t s .  S i t e  2 ,  

located n e a r  t h e  n o r t h  boundary  of FMPC, w a s  c o n s i s t e n t l y  t h e  

most diverse s i t e  examined i n  Paddy ' s  Run. S i t e  9, sampled o n l y  

i n . M a r c h  b e c a u s e  of t h e  l a c k  of water i n  June ,  w a s  by  f a r  t h e  

l eas t  diverse. S i t e  3 a l so  had a l o w  d i v e r s i t y  i n  March, 1987, 

b u t  was c o n s i d e r a b l y  more diverse  i n  June ,  1986 a n d  1987.  

A modified Shannon-Weaver d i v e r s i t y  i n d e x  
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Increased d i v e r s i t y  i n  J u n e  may have been caused by low water 

l e v e l s  which forced  f i s h  t o  congregate .  S i t e s  3 and 9 a r e  

loca t ed  a s h o r t  d i s t a n c e  downstream from t h e  dra inage  d i t c h  

no r th  of t h e  r a i l r o a d  t r e s t l e  and t h e  storm sewer o u t f a l l ,  

r e s p e c t i v e l y .  A t  t h i s  t i m e ,  it i s  not known whether  t h e  101 

s p e c i e s  d i v e r s i t y  observed a t  these s i t e s  i n  March was caused by 

runoff from these sources  o r  some o t h e r  factors a f f e c t i n g  

h a b i t a t  q u a l i t y .  

Twelve spec ie s  of sp r ing  migrant b i r d s  were recorded on t h e  

FMPC and 2 4  spec ie s  from o f f s i t e  areas. FMPC r i p a r i a n  and 

woodlot h a b i t a t s  were t h e  richest, suppor t ing  58% t o  7 5 %  of t h e  

migrant spec ie s ,  r e s p e c t i v e l y .  The p a t t e r n  of av ian  s p r i n g  

migrat ion on t h e  FMPC w a s  c h a r a c t e r i z e d  by few spec ie s ,  l o w  

numbers and no pronounced peaks of abundance. 

s imilar  t o  r e p o r t s  from o f f s i t e  l o c a t i o n s  i n  southwestern Ohio 

dur ing  t h e  same count pe r iod .  

T h i s  p a t t e r n  was 

Two new breeding b i r d s  were added t o  t h e  FMPC l i s t  b r ing ing  

t h e  t o t a l  t o  8 5 .  

sponsa)  and house f i n c h  (Carpodacus m e x i c a n u s ) .  The l a t t e r  i s  

important because of i t s  r ecen t  explos ive  range expansion i n  

southwestern Ohio. 

The new s p e c i e s  were the wood duck ( A i x  

Reproductive success  and growth parameters of  mourning 

doves (Zenaf da macroura) and American robins  ( Turdus 

m i g r a t o r i u s )  were monitored from t w o  o n s i t e  and t w o  o f f s i t e  

l o c a t i o n s  du r ing  l a t e  spr ing ,  1987.  Hatching and f l e d g i n g  

success of  doves was s i g n i f i c a n t l y  lower i n  t h e  no r the rn  p ines  

as compared t o  t h e  southern p ines .  Nes t l i ngs  of o n s i t e  dove 



popula t ions  d i d  not d i f f e r  s i g n i f i c a n t l y  from o f f s i t e  n e s t l i n g s  

i n  any of t h e  f i v e  growth parameters measured. FMPC robin eggs 

from t h e  nor thern  p ines  weighed s i g n i f i c a n t l y  less  than robin 

eggs from t h e  southern p ines .  FMPC robins  showed s i g n i f i c a n t  

suppressed growth i n  four  of t h e  f i v e  pref ledging  growth 

parameters measured. Species differences i n  suppressed growth 

could be a t t r i b u t e d  t o  spec ie s  s p e c i f i c  d i f f e r e n c e s  i n  d i e t  o r  

t o  p o t e n t i a l  o n s i t e  phys io logica l  s t r e s s o r s ,  inc luding  

d i f fe rences  i n  accumulating r a d i o l o g i c a l  o r  chemical loads .  

R e s u l t s  suggest  t h a t  FMPC populat ions may not be a s  hea l thy  a s  

p rev ious ly  r epor t ed  (WMCO 1987:60).  

N o  f e d e r a l l y  endangered p l a n t s  o r  animals were recorded 

o n s i t e .  Cooper's hawks ( A c c i p i t e r  c o o p e r i i )  were f r equen t ly  

s i g h t e d  i n  t h e  nor thern  and southern p i n e s .  Cooper's hawks have 

been r epor t ed  o n s i t e  during summer and win ter  and a r e  l i s t ed  a s  

"threatened I' i n  Ohio. 

F ive  hundred and e i g h t y  fou r  b e n t h i c  macroinvertebrates  

[ 2 1 4  Stenonema femoratum (mayfl ies)  , 170 Chironomus t e n t a n s  

(midges) and 200 L i r c e u s  f o n t i n a l i s  ( isopods)  ] were c o l l e c t e d  

from s i tes  on Paddy's Run and an o f f s i t e  re ference  creek and 

examined us ing  starch g e l  e l e c t r o p h o r e s i s .  I n  add i t ion ,  10 

eastern c o t t o n t a i l  r a b b i t s  (Sylvilagus f l o r i d a n u s )  t rapped on 

t h e  nor thern  p i n e  p l a n t a t i o n  and s i x  o t h e r s  obtained o f f s i t e  

w e r e  compared us ing  e l e c t r o p h o r e t i c  techniques .  

Mayfly g e n e t i c  data i n d i c a t e  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  

e x i s t  i n  popula t ion  g e n e t i c  s t r u c t u r e  a t  t w o  sites (si tes 3 and 

8 )  i n  Paddy's Run. These changes i n  g e n e t i c  s t r u c t u r e  occur 

3 3 8  



over a small distance. Similar patterns at site 3 have been 

reported for fish population genetic structure (Section 11). 

Genetic data from isopods suggest that natural or man-made 

disturbance above site 1 (north of the FMPC boundary) is 

affecting population structure. Significant deviations in 

genotypic distribution occurred in the November sample of 

isopods from sites 1 -3 as compared to L i r c e u s  from other sites 

sampled. 

Significant heterogeneity was not found between or among 

midge samples although significant deviations from expected 

genotypic proportions occurred at several sites. Chironomus 

tended to occur episodically and could only be collected at a 

site when adequate detritus was available; therefore, 

comparisons of seasonal patterns could not be determined. 

Eastern cottontail rabbits from onsite and offsite did not 

differ genetically. However, unlike the benthic 

macroinvertebrates studied, rabbits are highly vagile and the 

amount of time that cottontails sampled from the FMPC actually 

spent onsite is unknown. 
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Figure 1. Locations of the permanent transects established 
and air monitoring stations(A) at the FMPC. UGPmungrazed 
pasture; GPSgrazed pasture; PPIpine plantation; 
RFAP=reclaimed fly ash pile; Wwoodlot; RN=rigarian. 
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F i g u r e  2 .  F i s h  and b e n t h i c  sampling sites on Paddy's Run. 
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Butler County, O h i o .  

Fish and benthos sampling s i t e s  on Harker.'~ Run, 
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0 . 0  0 . 0  0 . 0  0 . 0  6 . 6  4 . 4  0 . 0  0 . 0  0 . 0  0 . 4  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 3  3 . 3  0 . 0  3 . 0  2 . 8  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0  0 . 0  0 . 0  0.0  

0 . 0  0.0  0 . 0  0 . 0  0 .5 4 . 4  2 . 2  1 . 2  1 . 2  1 . 9  0 . 5  

0 . 0  0 . 0  0 . 0  0 . 2  0 . 8  0 . 3  0 . 0  0 . 3  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 .0 0 . 2  0 . 0  0 . 0  0.0 0 . 0  

0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



3 . 3  3 . 3  3 . 3  3 . :  1 . 3  3 . 2  1.1 :.I :.: 9 . :  :.: 

0 . 0  0 . 0  1 . 1  0 . 0  1.0 1 . 3  1 . 7  : . 2  1.1 I . :  :,: 

0 . 0  0 . 0  1 . 4  0 . 0  0 . 7  1 . 0  3 . 0  0 . 8  a . :  3 . 0  3 . 0  

- 1 . 0  9 . 0  0 . 0  . 0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  1 . 0  

0 . 0  0 . 0  0 . 0  0 . 4  4 . 9  1 . 1  0 . 7  0 . 8  0 . 8  7 . 1  2 . 6  

0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  0 . 7  0 . 0  - 
0 . 0  0 . 0  0 . 0  0 . 9  0 . 0  0 . 0  1 . 7  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  2 . 7  0 . 0  0 . 0  0.1 0 . 0  0 . 0  0 . 1  0 . 3  

0.0  0 . 0  0 . 0  0 .0  0 . 0  0 . 2  0 . 0  0 .5  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  1 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 8  1 . 3  0 . 0  0 . 0  0 . 0  

+ 0 . 0  0 .0  0 .0  . 0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 3  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 9  2 . 6  

0 .0  0 . 0  0 . 0  5 . 2  8 . 0  1 . 8  5 . 2  9 .8  0 . 8  1 . 7  1 . 7  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  2 . 4  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 3  0 . 0  + 0 . 3 0 . 2  1 . 5  3 . 3  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 0  0 . 0  * 

. . 0 .0  0 . 0  1 . 5  0 . 0  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  . *  0 . 5 0 . 2  0 . 1  0 . 8  0 . 5 0 . 4  

0 . 0  0 . 0  0 . 0  0 . 0  0.0  0 . 0  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 0  

0 .P  0 . 0  0 .0  0 . 0  0 .4  0 . 8  0 . 0  0 . 0  0 . 0  0 . 2  0 . 0  

100.0 99 .6  100.0  B8.8 11.1 8 4 . 0  6 2 . 3  1 3 . 8  4 1 . 1  9 2 . 3  72 .8  

0 . 0  0 . 4  0 .0 4 . 1  22 .3  11.9 2 9 . 0  21 .0  4 6 . 9  2 . 1  9 .8 
0 . 0  0 . 0  0 . 0  8 . 1  0.0 0 .6  B . 1  5 . 2  6 . 0  1 . 5  9 . 4  
0 . 0  0 .0 0.0 1 . 0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  4 . 1  B .0  

100 100 100 100 100 100 100 100 100 100 100 
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Table 2. Community parameters f o r  herbaceous vegetation of the TMPC, 
spring, 1987. 

Species Simpson Simpson Shannon Pielou 
HAaI TAT Richness** Diversity Dominance Diversity Evenzess 

(R) (D 1 (C 1 (H' 1 (J' ) 

UGP 
GP 1 
GP 2 
RFAP 
P P 1  
PP2 
w1 
w2 
w3 
RN1 
RN2 

5 (19) 
12 (18) 
8 (8) 
15 (20) 
48 (52) 
34 (34) 
32 (32) 
41 (41) 
29 (33) 
67 (72) 
42 (60) 

0.624 
0.616 
0.572 
0.741 
0.941 
0.895 
0.892 
0.934 
0.864 
0.916 
0.831 

0.376 
0.384 
0.428 
0.259 
0.059 
0.105 
0.108 
0.066 
0.136 
0.084 
0.169 

1.577 
1.786 
1.673 
2.467 
4.542 
3.746 
3.865 
4.426 
3.665 
4.606 
3.478 

0 . 6 7 9  
0.498 
0 . 5 5 8  
0 . 6 3 2  
0.813 
0 . 7 3 6  
0.773 
0.826 
0.755 
0.759 
0.645 

*Values were based on species scored along the transects (Fig. 1) and 
calculated using log base 2. 
**Richness values in parentheses include species observed in the 
habitat but not scored along transects. 



u 2  ;.s: 
1 .-.cex * V S  'IS vs il s v s VS 'J s v S .: s 'i s 

G?1 ' G?2 C? 2 ?? 2 CG? w i  ii2 a: w 3  ?X2 

-- ... . ._ ??1 .%-A? XR' n l  U: ..,-> =? 1 s:z::ari:y SG? ru- 

..- ... 

Jaccard C c e f f i c l e n :  0 . 1 3 3  0 . 4 4 4  0 . 3 3 3  0 . 3 7 5  0 . 1 7 6  0 . 1 7 4  0.43i 3 . 4 6 3  C . 2 7 7  3 . 2 8 3  

Quozienc c f  S i m i l a r i c y  0 . 2 3 5  0 . 6 i 5  0 .500  0 . 5 4 5  0 . 3 0 0  0 . 2 9 7  0 . 6 0 2  6 . 6 3 3  Z . 4 j 4  2 . 4 4 2  

?ercenc Similarity 7 5 . 0  7 1 . 4  0 3 . 2  5 3 . 1  5 9 . 2  3 2 . 0  4 0 . 6  6 2 . 0  2 6 . 4  27. :  

Forisiia's Xndex 0 . 9 1 6  0 . 9 3 1  0 . 9 8 5  0 . 7 6 4  0 . 8 2 9  0 . 4 6 2  0 . 3 7 9  0 . 9 2 :  C . 3 9 3  C.401 

= Indices  c a i c u l a t e d  from percent r e l a t i v e  cover (Table 1). 
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Table 4 .  Species richness of herbaceous vegetation in ::?e sprir:g ar.d 
summer at the FMPC. 

Species Species Change Number of Total 
Ri c hne s s * Richness in New Species Species 

HABITAT Spring, 1 9 8 7  Summer, 1986 Richness . in Spring Richness** 
(R) (R' (R-R' ) (N) (R' +N) 

UGP 
GP 1 
GP 2 
FSAP 
PP 1 
PP2 
W l  
w2 
w3 
RN1 
RN2 

5 (19) 
1 2  (18) 

8 ( 8 )  
1 5  ( 2 0 )  
4 8  ( 5 2 )  
34 ( 3 4 )  
3 2  ( 3 2 )  
41 ( 4 1 )  
2 9  (33) 
67 ( 7 2 )  
4 2  ( 6 0 )  

2 2  
1 3  
16  
2 9  
37 
30 
38 
39 
33 
37 
4 3  

12 
1 4  
3 

1 4  
2 8  
1 8  
2 2  
32  
2 4  
47  
4 4  

34 
27  
19 
4 3  
65  
4 0  
60  
7 1  
5 7  
8 4  
8 7  

*Richness values in parentheses include species observed in the habitat but 
not scored along transects. 
**Total number of herbaceous species found (not necessarily along transects) 
during summer and spring. 



TAXA 
PRI 

SITE 

P R I  1 HR 1 

3.8  

14.3 
0.0 

0.0 
14.3 

14.3 

0.0 

0.0 

3 .8  
0 .0  
3.8 
0.0 
0.0 

342.8 
3.8 
0.0 

10.7 
7.1 

50.0 
17.9 
0.0 
3.8 

14.3 
7.1 

103.6 
3.8 

10.7 
0.0 
0.0 
0.0 

0.0 

4183.6 
0.0 

10.7 
0.0 

17.9 
0.0 
0.0 
0.0 
3.6 

4824.4 

10.7 

28.8 
0 .0  

0.0 
342.8 

7.1 

0.0 

14.3 

32.1 
3.8 
0.0 
0.0 
7.1 

84.3 
0.0 
0.0 
0.0 
3.8 

25.0 
21.4 

0.0 
0.0 

39.3 
0.0 

71.4 
0.0 
3.8 
0.0 
0.0 
0.0 

0.0 

8395.4 
21.4 
35.7 
0.0 
7.1 

10.7 
0.0 
3.6 
0.0 

9146.9 

0 . 0  

0 .0  
0 .0  

0 .0  
5.3 

5.3 

0.0 

18.0 

37.3 
0.0 
5.3 
0.0 
0.0 

111.9 
0.0 
0.0 
0.0 
0.0 

85.3 
0.0 
5.3 
0.0 

90.8 
549.0 

42.6 
0.0 
0.0 
5.3 
5.3 

26.7 

0.0 

5488.6 
32.0 

5.3 
10.7 
0.0 
5.3 
5.3 
0.0 
0.0 

6518.8 



Table 5b. Density (number/square meter) of benthic macroinvertebrates collected from 
pools at two sites on Paddy's Run and one site on Harker's Run, February, 1987, 

SITE 

PR11 
TAXA 

PR1 HR1 

NWTODA 15.9 0.0 0.0 

ANNEUDA 
OuGOcHAETA 

Tubificidae 
Enchytraeidae 

31.8 
286.5 

0.0 
0.0 

0.0 
0.0 I 

Arm-mKm 
INSECTA 
EPHEMEROPTERA 
Caenidae 
Ephemeridae 

47.7 
15.9 

0.0 
0.0 

0.0 
0.0 

PLECOPTERA 
Capniidae 
Perlodidae 

0.0 
0.0 

0.0 
31.8 

15 .9  
0.0 

TRICHOPTERA 
Psychom yiidae 15.9 0.0 0.0 

LEPIDOPTERA 
Lymnaeidae 15.9 0.0 0.0 

DIPTERA 
Chironomidae 
Ceratopogonidae 

3374.0 
63.7 

206.9 
0.0 

0.0 
0.0 

TOTAL 3867.3 238.7 15.9 
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Table 6 .  Catch d a t a  f o r  f i s h  c o l l e c t e d  froin Paddy ' s  XUI?, Site 1,  
e x p r e s s e d  a s  c a t c h  p e r  u n i t  e f f o r t  and propor:ion o f  c a t c h .  

Catch p e r  u n i t  e f f o r t  P roporc i cn  o f  
( f i s h / 2 0  min) cacch  

S p e c i e s  
Poo l  R i f f l e  Pool  x i f f l e  

C r e e k  chub 
Semotilus atromaculatus 2 0 0.01 0 . 0 0  

White s u c k e r  
Cat ost omus commersoni 2 0 '  0.01 

S t o n e r o l l e r  minnow 
Campostoma anomalum 

Blun tnose  minnow 
Pimephales notatus 

R o s e f i n  s h i n e r  
Notropis ardens 

0 . 0 0  

8 7 0 . 0 4  0 . 0 7  

70 9 0.37 0.10 

55 4 0.29 0.04 

S t r i p e d  s h i n e r  
Notropis chrysocephalus 10 1 0.05 

Spot  f i n  s h i n e r  
Notropis spilopterus 8 0 :  0.04 

Blacknose  dace 
Rhini chthys atratul us 0 1 0.00 

Johnny darter 
Etheostoma nigrum 31 0.17 

0 . 0 1  

0 . 0 0  

0 . 0 1  

0 . 0 2  

O r a n g e t h r o a t  darter 
Etheostoma spectabile 0 39 0.00 0 . 4 2  

Fantail  darter 
Etheoatcrma flabellare 1 31 0.01 0.33 

Totals = 187 94 0.99 1.00 

3 



Table 7 .  Catch d a t a  f o r  f i s h  c o l l e c t e d  from Paddy's  Run, Site 2 ,  
expressed as  ca tch  per  u n i t  e f f o r t  and propor t ion  of c a t c h .  

Catch p e r  u n i t  e f f o r t  Propor t ion  o f  
( f i s h / 2 0  min)  c a t c h  

Species  
Pool  Ri f f  l e  Pool R i f f l e  

Creek chub 
Semot il us at romacul at us 

White sucker 
Catostomus commersoni 

Stoneroller minnow 
Campostoma anomalum 

Bluntnose minnow 
Pimephales notatus 

Silverjaw minnow 
Ericymba buccat a 

Rosef in shiner 
Notropis ardens 

Striped shiner 
Notropis chrysocephal us 

Spot f in shiner 
Notropis spilopterus 

Sand shiner 
Notropis stramineus 

Emerald shiner 
Not ropis atherinoi des 

Blacknose dace 
Rhinichthys at ratul us 

Johnny darter 
Etheostoma nigrum 

Orangethroat darter 
Etheostoma spectabile 

Fantail darter 
Etheostoma flabellare 

Totals - 

2 

5 

26 

23  

13 

59 

34 

51 

2 

1 

0 

8 

9 

6 

239 

0 

0 

12  

0 

0 

0 

0 

0 

0 

0 

5 

0 

4 0  

66  

123 

0 . 0 1  

0 . 0 2  

0.11 

0.10 

0 . 0 5  

0 . 2 5  

0 . 1 4  

0 . 2 1  

0.01 

0 . 0 0 4  

0.00 

0.03 

0 . 0 4  

0.025 

1.00 

0 , O O  

0 . 0 0  

0 . 0 9  

0 . 0 0  

0.00 

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0.04 

0 . 0 0  

0 . 3 3  

0.54 

1 . 0 0  



Table 8 .  Catch d a t a  f o r  f i s h  c o l l e c t e d  from Paddy's  Run, S i c e  3 ,  
exp res sed  a s  c a t c h  p e r  u n i t  e f f o r t  and p ropor t ion  of  catch.. 

Catch p e r  u n i t  e f f o r t  P ropor t ion  of  
( f i s h / 2 0  m i n )  c a t c h  

Spec ie s  
Po0 1 R i f f  l e  Pool Xiff : e  

C r e e k  chub 
Semotil us a tromaculat us 

S t o n e r o l l e r  minnow 
Campost oma anomal um 

Bluntnose minnow 
Pimephales notatus 

Rose f in  s h i n e r  
Notropis ardens 

Spotf  i n  s h i n e r  
Notropis spilopterus 

Blacknose dace 
Rhini ch thys a t ra t ul us 

Redbel ly  dace  
Phoxinus erythrogaster 

Johnny dar ter  
Etheostoma nigrum 

Orangethroa t  darter 
Etheostoma spectabile 

F a n t a i l  d a r t e r  
EtheoStoma flabellare 

Sunfish 
Lepomis complex 

Totals 9 

3 

3 

387 

17 

73 

5 

1 

24  

4 

0 

1 

518 

1 

31 

8 

0 

0 

5 

0 

0 

1s 

S 

0 

6 5  

0.006 

0.006 

0.75 

0.03 

0 . 1 4  

0.01 

0.002 

0.05 

0.01 

0.00 

0.002 

1.006 

0 . c 2  

0 . 4 8  

0 . 1 2  

0.00 

0.00 

0 . 0 1  

0.00 

0 . 0 0  

0.23 

0 . 0 7  

0.00 

0 . 9 9  



Table 9 .  Ca tch  data  f o r  f i s h  c o l l e c t e d  from Paddy ' s  R u r . ,  S i r 2  5 ,  
e x p r e s s e d  as  c a t c h  p e r  u n i t  e f f o r t  ai?d p r o p o r r i o n  o f  c a t c h .  :?.e s i z e  
c o l l e c t e d  was l o c a t e d  one p o o l / r i f f l e  above t h a t  i n d i c a t e d  i n  = : -  - - y .  2 .  

Ca tch  per u n i t  e f f o r c  P r o ~ o r t i o r !  o f  
( f i s h / 2 0  min) caccn  

S p e c i e s  
Pool R i f f l e  Poo l  R i f f 1 2  

Creek chub 
Semot il u s  a tromacul a t  u s  6 1 0  0 . 1 3  0 . 0 9  

S t o n e r o l l e r  minnow 
Campostoma anomal um 17 33  0 . 3 8  

B lun tnose  minnow 
Pimephales n o t a t u s  

S i l v e r j a w  minnow 
E r i  cymba bucca t a 

0 . 3 1  1 

3 9 0 . 0 7  0 . 0 9  

0 2 0 . 0 0  
I 

0 . 0 2  

S t r i p e d  s h i n e r  ~ 

Notrop i s  chrysocephalus  4 5 0 . 0 9  0 . 0 5  

S p o t f i n  shiner  
Not rop i  s s p i  1 opt e r u s  

Johnny darter 
Etheostoma nigrum 

6 14 0.13 0 . 1 3  ' 

2 0 0.04 0 . 0 0  

Or anget h r o  a t  dar t  e r 
Etheos t oma spec t  ab i l  e 4 28 0 . 0 9  

F a n t a i l  darter 
Etheos t  oma fl &el1 are 3 4 0.07 

0 . 2 7  

0 . 0 4  

To ta l s  - 4 5  1 0 5  1 . 0 0  1 . 0 0  



Table 1 0 .  Catch d a t a  f o r  f i s h  c o l l e c t e d  froin Paddy's Run, S i t e  9 ,  
expressed a s  ca tch  per  u n i t  e f f o r t  and proport ion of c a t c h .  The 
s i t e  c o l l e c t e d  was loca ted  one p o o l / r i f f l e  below t h a t  i n d i c a t e d  
i n  F i g .  2 .  

Catch p e r  u n i t  e f f o r t  Proport ion o f  
( f i s h / 2 0  m i n )  c a t c h  

Species  
Pool R i f f l e  Pool. R i f f l e  

C r e e k  chub 
Semot  il us a t  romacu l  a t  us 4 0 0.36 0 . 0 0  

S t o n e r o l l e r  minnow 
Campostoma anomal  um 

Orangethroat d a r t e r  
E t  h eos t oma spe c t  abi 1 e 

Sunf ish  
L e p o m i s  c o m p l e x  

6 13 0 . 5 5  0.93 

0 1 0 . 0 0  0 . 0 7  

1 0 0.09 0 .00  

Tota ls  = 11 14 1.00 1 . 0 0  

I 



Table 11. Catch d a t a  f o r  f i s h  c o l l e c t e d  from Paddy’s Run, S i t e  11, 
expressed a s  ca tch  per  u n i t  e f f o r t  and propor t ion  of  carc:?. 

Catch p e r  u n i t  e f f o r t  Propor t ion  of 
( f i s h / 2 0  min) c a t c h  

Species  
Pool R i f f l e  Poo l  R i f f l e  

C r e e k  chub 
Semot il u s  a t  romacul a t  u s  

White sucker 
Catostomus commersoni 

Stonero l l er  minnow 
Campostoma anomalum 

Bluntnose minnow 
Pimephales no ta tus  

Si lverjaw minnow 
E r i  cymba bucca t a 

Suckermouth minnow 
Phenacobi us  m i  rabi 1 i s  

Rosef in  shiner  
Notrop i s  ardens 

Spot f in  shiner 
N o t  r o p i  s s p i  1 op t  e r u s  

Blacknose dace 
Rhinichthys  a t r a t u l u s  

Johnny darter  
Etheostoma nigrum 

Orangethroat darter  
Etheostama s p e c t a b i l e  

Fantail  darter 
Etheostama f l a b e l l a r e  

Rainbow darter 
Etheostoma caeruleum 

Sunfish 
Lepomis complex 

Tota l s  - 

42 

8 

92 

2 68 

6 

0 

1 

6 9  

8 

11 

22 

0 

0 

1 

528 

2 

0 

22 

3 

0 

2 

9 

0 

4 

5 

1 4 6  

30 

1 

0 

224 

0 . 0 8  

0 . 0 2  

0.17 

0.51 

0.01 

0 . 0 0  

0 . 0 0 2  

0.13 

0 . 0 2  

0.02 

0 . 0 4  

0.00 

0.00 

0 . 0 0 2  

1 . 0 0 4  

0 . 0 1  

0 . 0 0  

0 . 1 0  

0 . 0 1  

0 . 0 0  

0 . 0 1  

0 . 0 4  

0 . 0 0  

0 . 0 2  

0 . 0 2  

0 . 6 5  

0 . 1 3  

0 . 0 0 1  

0 . 0 0  

1 . 0 0  



Creek c h u b  
Senrot il us at romacula tus 

White sucker 
Catostomus commersoni 

Silverjaw minnow 
Ericymba bucca ta 

Stoneroller minnow 
Campostoma anomalum 

Bluntnose minnow 
Pimephales notatus 

Suckermouth minnow 
Phenacobi us mi rabilis 

Rosefin shiner 
Notropis ardens 

Striped shiner 
Notropis chrysocephalus 

Spotfin shiner 
Notropis spilopterus 

Sand shiner 
Notropis scramineus 

Emerald shiner 
Notropis acherinoides 

Blacknose dace 
Rhinichthys atratulus 

Redbelly dace 
Phoxinus erythrogaster 

Johnny darter 
Etheostoma ni grum 

0 ra nqe t h rod t da rte r 
Etheostoma speccabile 

Fantail darter 
Etheostoma flabellare 

Rainbow darter 
Etheostoma caeruleum 

Sunfish 
Lepomis complex 

Totals 

72 

1 5  

2 1  

270 

780 

2 

1 4 5  

54 

221  

2 

1 

28 

1 

8 3  

308 

146 

1 

3 

2153 

0 . 0 3  6 . 0 ( 3 . 4 )  

0 . 0 1  I. 3 (0.8) 

0 . 0 1  1.8(1.1) 

0 . 1 3  2 2 . 5  ( 6.9) 

0 . 3 4  6 5 . 0  ( 3 6 . 6 )  

0 . 0 0 1  0 . 2 ( 0 . 2 )  

0 . 0 7  1 2 . 1  ( 6 . 2 )  

0 . 0 2  

0.10 

0 . 0 0 1  

0.001 

0.02 

0.001 

0 . 0 4  

0 . 1 6  

0 . 0 7  

0.001 

4 . 5  ( 2 . 8 )  

1 8 . 4  ( 8 . 2 )  

0 . 2  ( 0 . 2 )  

O . l ( O .  1) 

2 . 3 ( 0 . 8 )  

O.l(O.1) 

6 . 9 ( 3 . 0 )  

2 5 . 7  (11.7 

12.1(5.9) 

0.1 (0.1 

0.001 , 0 . 3  (0.13) 

1.006 



Table 13 .  Catch d a t a  f o r  f i s h  c o l l e c t e d  from X a r k e r ' s  Ziun, Sits 1,  
expres sed  as c a t c h  p e r  n 2 i t  e f f o r t  and p roporz ion  o f  caczh .  

Catch per u n i t  e f f o r t  P r o p o r t i o n  o f  
(fish/20 min) cacch 

Spec ie s  
Pool  R i f f l e  Poo l  R i f f l e  

C r e e k  chub 
Semot il us a tromacul at us 14 20 0 . 1 0  0 . 1 3  

White sucker  
Catostomus commersoni 1 0 0 . 0 1  0 . 0 0  

S t o n e r o l l e r  minnow 
Campost oma anomal um 

Bluntnose minnow 
Pimephales notatus 

S i l v e r j a w  minnow 
Ericymba buccata 

6 11 0 . 0 4  0 . 1 1  

28 2 0 . 2 0  0 . 0 2  

47  0 0 . 3 3  0 . 0 0  

S t r i p e d  s h i n e r  
Notropis chrysocephalus 8 6 0.06 

Spot  f i n  s h i n e r  
Notropis spilopterus 

Blacknose dace 
Rhinichthys atratulus 

Johnny darter 
Etheostoma nigrum 

Orangethroa t  darter 
Et h e os t oma spec t abi 1 e 

F a n t a i l  darter 
Etheostoma flabellare 

0 . 0 6  

20 2 0 . 1 4  0.02 

3 2 2  0 . 0 2  0 . 2 1  

1 3  5 0 . 0 9  0 . 0 5  

0 

1 

2 

34  

0.00 

0 . 0 1  

0 . 0 2  

0 . 3 2  

Totals - 1 4 1  104 1.00 1 . 0 0  



Table 14.  Catch data for  f i s h  c o l l e c t e d  f r o n  Harker's 35ur-1, Site 2 ,  
expressed as  catch per u n i t  e f f o r t  and proportion o f  cacc:?. 

Catch per u n i t  e f f o r t  Proportion of 
( f i s h / 2 0  rnin) c a t c h  

Species  
Pool R i f f l e  Pool Riffle 

Creek chub 
Semot il us at romacul at us 19 9 0 . 2 3  

White sucker 
Catostomus commersoni 

Stonero l l er  minnow 
Campostoma anomalum 

Bluntnose minnow 
Pimephales notatus 

Rosef in  shiner  
Notropis ardens 

0 . 0 8  

7 6 0 . 0 9  0 . 0 5  

4 4 2  0.05 0.35 

10 0 0 .12  0.00 

1 0 0 . 0 1  

S tr iped  shiner  
Notropis chrysocephalus 10 5 0 .12  

0 . 0 0  

0 . 0 4  

Spot f i n  shiner  
Not ropis spil opt e m s  10 0 0 .12  0.00 

Blacknose dace 
Rhini ch th ys at ra t ul us 0 7 0.00 0 . 0 6  

Redbelly dace 
Phoxinus erythrogaster 12 0 0 .14  0.00 

Johnny darter 
Etheostoma nigrum 

Fantail  darter  
Etheostama flabellare 

10 0 0 .12  0.00 

0 50  0 . 0 0  0 . 4 2  

Totals = 8 3  119 1 . 0 0  1 . 0 0  

368' 



Table 1 5 .  
u n i t  e f f o r t  (CPUE) c a l c u l a t e d  f o r  2 poo l s  and 2 r i f f l e s .  

T o t a l  f i s h  c a t c h  d a t a  f o r  Harker 's  Run. Mean c a t c h  per 

Mean (k S . E . )  

Spec ie s  
P ropor t  ion 

N of t o t a l  
c a t c h  

CPUE 
( f / 2 0  min) 

Creek  chub 
Semot il u s  a t  romacul a t us 

White sucke r  
Catostomus commersoni 

S i l v e r j a w  minnow 
E r i  cymba buccat  a 

S t o n e r o l l e r  minnow 
Campostoma anomalum 

Bluntnose  minnow 
Pimephales n o t a t u s  

Rosef i n  s h i n e r  
Notrop i s  ardens  

S t r i p e d  s h i n e r  
Notrop i s  chrysocephalus 

Spot f i n  s h i n e r  
Not r o p i  s , s p i  1 opt  e r u s  

Blacknose dace 
Rhini ch thys a t  r a  t ul  us  

Redbel ly  dace 
Phoxinus e r y t h r o g a s t e r  

Johnny darter 
Etheostoma nignun 

Orange th roa t  darter 
Etheostoma s p e c t a b i l e  

F a n t a i l  darter 
Etheostoma f l a b e l l a r e  

Totals 

62 

1 4  

4 7  

63 

40 

1 

29 

32 

32 

12 

28 

2 

8 5  

4 4 7  

0.14 

0 . 0 3  

0 . 1 1  

0.14 

0.09 

0.002 

0.064 

0.07  

0.07 

0.03 

0.06 

0.004 

0.19 

1.000 

15.5 (2.5) 

3.5(1.9) 

1 1 . 8  ( 1 1 . 8 )  

1 5 . 8  ( 8 . 9 )  

10.0 (6.4) 

0.3 (0.3) 

7 . 3  (1.1) 

8.0 (4.5) 

8 .O ( 4 . 9 )  

3.0(3.0) 

7 . 0  ( 2 . 9 )  

0.5 (0.5) 

21.3 (12.4) 



Table 16. Modified Shannon-Weaver indices (d') calculated f r o n  cazc:? 
data for Paddy's Run (June, 1986, and ."larch, 1587, collections) and 
Harkers Run (March, 1987, collection) . 

Paddy's Run 

Jun- 8 6 Mar-87 
Site Number 

Harker's ?.cr 

Mar-87 

1 2 . 9  

2 2 . 6  

3 1 . 3  

4 

5 

6 

combined 2 . 7  

2 . 8  

3 . 2  

1.7 

2 . 6  

1.1 

2 . 6  

2 . 9  

3 . 1  

3 . 0  

3 . 3  

3 7 0  



Table 1 7 .  Catch d a t a  f o r  f i s h  c o l l e c t e d  from Paddy ' s  Run, S i t e  1,  
expressed as  c a t c h  p e r  u n i t  e f f o r t  and p r o p o r t i o n  o f  c a t c h .  

Catch p e r  u n i t  e f f o r t  P r o p o r t i o n  of  
( f i s h / l 5  m i n )  c a t c h  

Spec ie s  
Poo l  R i f f l e  Pool a i f f l e  

C r e e k  chub 
Semot il us at romacul a t us 7 2 0 . 0 2  

White sucke r  
Catostomus commersoni 

S t o n e r o l l e r  minnow 
Campostoma anomal um 

Bluntnose  minnow 
Pimephal es notatus 

Rose f in  s h i n e r  
Notropis ardens 

5 0 0 . 0 2  

155 8 0 . 4 7  

5 4  0 0.16 

80 0 0 . 2 4  

S t r i p e d  s h i n e r  
Notropis chrysocephalus 1 0  0 0.03 

Spot f i n  s h i n e r  
Not ropi s spi 1 opt erus 

0 . 0 4  

0 . 0 0  

I 0.00 

3 0 0.01 0 . 0 0  

Blacknose dace  
Rhinichthys atratulus 1 1 2  0 . 0 0 3  0 . 2 2  

Redbel ly  dace  
Phoxinus erythrogaster 1 0 0.003 0.00 

Johnny darter 
Etheostoma nigrum 1 2  0 0 . 0 4  0 . 0 0  

Orangethroa t  darter 
Et heos t o m  spect abil e 0 

F a n t a i l  darter 
Etheost oma flabell are 3 

2 3  0 . 0 0  0 . 4 2  ' 

10 0.01 0 . 1 8  

Totals  = 3 3 2  55 1 . 0 0 6  1 . 0 1  



Table 18. Catch data f o r  f i s h  collected f r o m  Paddy's ~ u n ,  Si:o 2 ,  
expressed as catch per unit effort and proporrior! of cacc?. 

Species 

Catch per onit effort Proportisn cf 
(fish/lS m i n )  catch 

Pool R i f f l e  Pool Riffle 

Creek chub 
Semotilus atromaculatus 46  0 0.13 0 . 0 0  

White sucker 
Ca tostornus comersoni 4 0 0.01 0 . 0 0  

Stoneroller minnow 
campostoma anomalum 1 5 4  10 0 . 4 4  0 . 1 3  

Bluntnose minnow 
Pimephales notatus 

Silverjaw minnow 
Eri cymba bucca ta 

Rosefin shiner 
Not ropi s ardens 

27 0 0.08 0 . 0 0  

19 0 0 . 0 5  0.00 

2 5  0 0 . 0 7  0 . 0 0  

Striped shiner 
Notropis chrysocephalus 13 0 0 . 0 4  

Spotfin shiner 
Notropis spilopterus 

Blacknose dace 
Rhinichthys atrat ul us 

0 . 0 0  

8 0 0 . 0 2  0.00 

3 6 0.01 0 . 0 8  

Redbelly dace 
Phoxinus erythrogaster 3 0 0.01 0 . 0 0  

Johnny darter 
Etheostoma nigrum 28 1 0.08 0.01 

Orangethroat darter 
Etheostama spectabile 18 18 0 . 0 5  0 . 2 3  

Fantail darter 
Etheost oma fl abell are 2 42 0.01 0 . 5 4  

Rainbow darter 
Et heos t oma caerul e m  

Largemouth bass 
Micropterus salmoides 

Totals = 

0 1 0.00 0.01 

2 0 0 . 0 1  

352 78 1.00 

0.00 

1.00 

3 7a- 



Table 1 9 .  Catch d a t a  f o r  f i s h  col1ec:ed from Paddy's ?,En, s i r e  3 ,  
expressed  as c a t c h  p e r  u n i t  e f f o r t  and p r o p o r t i o n  of  cacch.  

Catch p e r  unit e f f o r t  Proporc ion  o f  
( f i s h / l 5  m i n )  c a t c h  

Spec ie s  
Pool R i f f l e  Pool R i f f l i  

C r e e k  chub 
Semot il us a t  romacul a t us 2 8  1 0.06 0 . 0 1 c  

S t o n e r o l l e r  minnow 
Campostoma anomalum 99 66 0.23 

White sucke r  
Catostomus commersoni 4 0 0 . 0 1  

0.28 

0.10 

Bluntnose minnow 
Pimephales n o t a t u s  121 

S i l v e r j a w  minnow 
Ericymba buccata  43 0 . 0 0  

Rosef in  s h i n e r  
Notrop i s  ardens 8 0 0 . 0 2  0 . 0 0  ' 
Spot f i n  s h i n e r  
Not rop i  s s p i  1 op t  e r u s  13  0 0 . 0 3  0 . 0 0  

Sand s h i n e r  
Notrop i s  s tramineus 1 0 0.002 0 . 0 0  

Emerald s h i n e r  
Notrop i s  a t h e r i n o i d e s  0 1 0.00 0 . 0 1  

Blacknose dace 
Rhinichthys  a t r a t u l u s  0 . 0 3  11 10 0 . 0 6  

Johnny darter 
Etheostama nigrum 8 5  

20 

14  0.19 0 . 0 8  

Orangethroa t  darter 
Etheostama s p e c t a b i l e  60 0 . 0 5  0.34 

F a n t a i l  darter 
Etheos t  oma fl abell a r e  1 16 0.002 0 . 0 9  

Largemouth bass 
M i  c r o p t  e r u s  salmoi d e s  1 

4 3 9  

0 

174 

0.002 

1.016 

0 . 0 0  

1 . 0 0  T o t a l s  = 



Table 2 0 .  Catch d a t a  for f i s h  c o l l e c t e d  from Paddy's Run, S i t e  5,  
expressed as ca tch  per u n i t  e f f o r t  and proport ion of c a t c h .  

Catch per  unit e f f o r t  Proport ion of 
( f i s h / l 5  m i n )  ca tch  

Species 
Pool R i f f l e  Pool R i f f l e  

Creek chub 
Semotilus atromaculatus 8 0 0 . 0 4  0 . 0 0  

White sucker 
Cat ost  omus commersoni 

S t  onerol l e  r minnow 
Campostoma anomalum 

Bluntnose minnow 
Pimephales notatus 

Silverjaw minnow 
Ericymba buccata 

Rosef in shiner 
Notropis ardens 

Spotf in shiner 
Notropis spilopterus 

Johnny darter 
Etheostoma nigrum 

Largemouth bass 
Mi cropt erus salmoides 

Sunfish 
Lepomis complex 

Totals = 

8 0 0 . 0 4  0 . o o  

4 0 0.02 0 . 0 0  

14 

57 

10 

13 

77 

5 

1 

197 

0 0 .07  0 . 0 0  

0 0.29 0.00 

0 0.05 0 . 0 0  

0 0 . 0 1  0 . 0 0  

0 0.39 0.00 

0 0.03 0.00 

0 0.01 0 . 0 0  

0 1.01 0 . 0 0  



Table 2 1 .  Catch d a t a  for f i s h  c o l l e c t e d  from ?acidy's Xun, S i c e  112,  
expres sed  as  c a t c h  p e r  u n i t  e f f o r t  and p ropor t ion  o f  c a t c n .  

Catch p e r  u n i t  e f f o r t  Proportion of  
( f i s h / l 5  min)  c a t c h  

Spec ie s  
i i i f f l e  Pool R i f f l e  Poo l  

C r e e k  chub 
Semotilus atromaculatus 9 0 0.09 0 . 0 0  

White sucke r  
Catostomus commersoni 4 0 0 . 0 4  0 . 0 0  

S t o n e r o l l e r  minnow 
Campostoma anomalum 3 0.03 

Bluntnose minnow 
Pimephales notatus 4 0 . 0 4  

O.O0 i 
0.00 

S i l v e r j a w  minnow 
Eri cymba bucca t a 10 0 0.10 

0.01 
Rose f in  s h i n e r  
Notropis ardens 0 . 0 0  1 1 0 

Spot f i n  s h i n e r  
Not ropis spil opt erus 4 0 0 . 0 4  0 . 0 0  

Blacknose dace 
Rhinichthys atratul us 4 0 . 0 4  0 . 0 0  

Johnny darter 
Etheostoma nigrum 47 0 . 4 8  0.00 

F a n t a i l  darter 
Etheost oma fl &ell are ' 6  0 0.06 0 . 0 0  

Largemouth bass 
Mi cropt erus salmoi des 1 0 0.01 0 . 0 0  

S u n f i s h  
Lepomis complex 4 

97 

0 

0 

0 . 0 4  

0 . 9 8  

0 . 0 0  

0.00 Totals = 



; ?  
J J  

Table 2 2 .  Catch d a t a  f o r  f i s h  c o l l e c t e d  from Paddy ' s  Xun, S i z e  1' -,  
e x p r e s s e d  as  c a t c h  p e r  u n i t  e f f o r t  and p roporc ion  of  c a i c h .  

Catch  p e r  u n i t  e f f o r t  P r o p o x i o n  of 
( f i s h / l 5  rnin)  c a t c h  

S p e c i e s  
Pool  R i f f l e  Poo l  Riffle 

Creek chub 
Semotilus atromaculatus 37 0 0 . o c  

0 . 0 0  
S t o n e r o l l e r  minnow 
Campostoma anomalum 4 0 0 . 0 4  

B lun tnose  minnow 
Pimephales notatus 9 0 0.09 0 . 0 0  

S i l v e r j a w  minnow 
Ericymba buccata 0 0 . 0 1  0 . 0 0  

Spot  f i n  s h i n e r  
Notropis spilopterus 0 . 0 5  0.00 

Blacknose  dace 
Rhinichthys atratulus 12 

9 

0.12 

0.09 

0 . 0 4  

Johnny dar ter  
Etheostoma nigrum 0 0 . 0 0  

Orange th roa t  darter 
Etheostoma spectabil e 2 4  7 3  0.24 0 . 7 4  

F a n t a i l  darter 
Etheostoma flabellare 0 0.00 0 . 2 2  

S u n f i s h  
Lepomis complex 1 

102 

0 

99 

0.01 

1.01 

0.00 

1 . 0 0  T o t a l s  - 

3 76 



S?ec i e s 
? z 3 3 0 - z  iz.: 

N of i o c a l  
cacc?? 

Creek chub 
Semot i iu s  a t  romacul d t  us 138 0 . a 7  

White sucker 
Cd t O S t  omus commersoni 25 0 . 0 1  

S i l v e r j a w  minnow 
Eri cymba buccata 1 3 1  0 . 0 7  

Stone r o l l e r  minnow 
Campost oma anomal um 503  0 . 2 6  

Bluntnose minnow 
Pimephaies n o t a t u s  235 . 0 . 1 2  

Rosefin shiner 
Notropis  ardens 

13.9 ( 5 . 3 )  

2 . 5  ( 0 . 9 )  

1 3 . 1  ( 6 . 5 )  

5 0 . 3  ( 2 0 . 2 )  

2 3 . 5  ( 1 2 . 1 )  

124 0 . 0 6  1 2 . 4  ( 7 . 9 )  

S t r i p e d  shiner 
Notropis  chrysocephal us  27  0 . 0 1  

S p o t f i n  shiner 
Not ropi  s s p i l  opt e r u s  4 6  0 . 0 2  

Sand shiner 
Notrop i s  stramineus 1 0.001 

Emerald shiner 
N o t  rop i  s a t  her ino ides  1 0 .001  

Blacknose dace 
Rhini  ch t hys  a t r a  t u 1  u s  6 3  0 .03  

Redbelly dace 
Phoxinus e r y t h r o g a s t e r  4 0 . 0 0 2  

Johnny d a r t e r  
Etheostoma nigrum 273  0 . 1 4  

Orangethroat d a r t e r  
Etheostoma spectabfle 23 6 0 . 1 2  

F a n t a i l  d a r t e r  
E t  heos t  m a  f l  d e l l  are 102  0 .05  

Rainbow d a r t e r  
E t  heos t  oma caeruleum 1 0 . 0 0 1  

2 . 7 ( 1 . 5 )  

4 . 6  ( 1 . 6 )  

0 . 1  ( 0 . 1 )  

0 .1  (0.1) 

6 . 3  ( 1 . 5 )  

0 . 4  ( 0 . 3 )  

2 7 . 3  (10.1) 

2 3 . 6  ( 7 . 8 )  

1 0 . 2  ( 4 . 2 )  

0 . 1  ( 0 . 1 )  

Largemouth bass 
Micropterus  salmoides 9 .  0.005 0.9 (0 .5 )  

Sunfish 
Lepomis complex 6 0 . 0 0 3  0 . 6  ( 0 . 4 )  

T o t a l s  1925 0 . 9 7 3  



Table 2 4 .  Catch d a t a  f o r  f i s h  c o l l e c z e d  f r o m  Harker ' s  Run,  S i t s  . - ,  
expressed  a s  ca t ch  p e r  u n i t  e f f o r t  and p ropor t ion  of  c a t c h .  

Catch p e r  u n i t  e f f o r t  P r o p o r t i o n  o f  
( f i s h / l 5  m i n )  c a t c h  

Spec ie s  
Pool Riffle Pool R i f f  l e  

Creek chub 
Semotil us at romacul a t us 65 3 9  0 . 1 1  0 . 4 1  

White sucker  
Cat ost omus commersoni 1 0 5  3 0.18 0 . 0 3  

S t  o n e r o l l e r  minnow 
Campost oma anomal um 170 1 2  0.28 0 . 1 3  

Bluntnose minnow 
Pimephales notatus 17 0 0 . 0 3  0.00 

S i l v e r  j a w  minnow 
Eri cymba buccat a 145 0 0 . 2 4  0.00 

S t r i p e d  s h i n e r  
Notropis chrysocephalus 4 0 0 . 0 1  0 . 0 0  

Spotf i n  s h i n e r  
Notropis spil opterus 5 0 0.01 0 . 0 0  

0 . 0 0  
Blacknose dace 
Rhinichthys atratulus 9 0 0.02 

Redbel ly  dace 
Phoxinus erythrogaster 2 8  3 0.05 0 . 0 3  

Johnny darter 
Etheostoma nigrwn 4 9  15 0.08 0.16 

Orangethroa t  darter 
Etheostoma spectabile 2 3 0.003 0 . 0 3  

F a n t a i l  darter 
Etheostoma flabellare 0 

599 

21 

96 

0.00 

1.013 

0 . 2 2  

Totals = 1.01 

3 7 8  



Table 2 5 .  Catch d a t a  f o r  f i s h  c o l l e c t e d  from Harker's Run, S i t e  2 ,  
expressed as ca tcn  per  u n i t  e f f o r t  and propor t ion  of c a t c h .  

Orangespotted sunf i sh  
Lepomis humil us 1 0 0.002 0.00 

Totals  = 540 91 0.982 1.00 

A 

Catch p e r  u n i t  e f f o r t  Proportion of 
( f i s h / l 5  rnin) c a t c h  

Species  
Poo l  R i f f l e  Po01 R i f f l e  1 

C r e e k  chub 
Semotilus atromaculatus 45 47 0.08 0.52 ' 
White sucker 
Catostomus commersoni 4 0  3 . 0.07 0.03 

Si lverjaw minnow 
Ericymba buccat a 

S tonero l l er  minnow 
Campostoma anomalum 

Bluntnose minnow 
Pimephales not at us 

Rosef in  shiner  
Notropis ardens 

6 0 0.01 0.00 

361 16 0.67 0 . 1 8  

17 1 0 . 0 3  0 . 0 1  

O . O O  I 14 0 0.03 

Str iped  shiner  
Notropis chrysocephalus 13 0 0.02 

Spotf i n  shiner  
Not ropi s spi 1 opt erus 18 0 0.03 

Blacknose dace 
Rhinichthys atratulus 0 12 0.00 

Redbelly dace 
Phoxinus erythrogaster 7 0 0 . 0 1  0 . 0 0  

Johnny darter 
Etheostoma nigrum 18 4 0.03 0.04 

Fantai l  darter 
E t h e k o m a  fl &ell are 0 8 0.00 



Table 2 6 .  Tota l  f i s h  c a t c h  d a t a  f o r  E a r k e r ' s  Run.  Mean c a t c h  t t r  
u n i t  e f f o r t  (CPUE) c a l c u l a t e d  f o r  2 pools and 2 r i f f l e s .  

Mean ( 2  S . Z . )  
Propor t  ion 

N of t o t a l  
c a t c h  

Spec ies  CPUE 
(f/15 min) 

Creek chub 
Semotilus atromaculatus 196 0.15 49.0 (5.6) 

White sucker  
Catostomus commersoni 151 0 . 1 1  37.8 (24.1) 

S i l v e r j a w  minnow 
Eri cymba bucca t a 151 0.11 37.8 (35.8) 

S t o n e r o l l e r  minnow 
Campostoma anomalum 559 0 . 4 2  139.8 (82.4) 

Bluntnose minnow 
Pimephal es nota tus 35 0 . 0 3  8.8 (4.8) 

Rosef in  s h i n e r  
Notropis ardens 1 4  0.01 3.5 ( 3 . 5 )  

S t r i p e d  s h i n e r  
Notropis chrysocephalus 17 0.01 4 . 3  (3.1) 

Spot f i n  s h i n e r  
Not ropi s spi 1 opt erus 23 0 .02  5 . 8 ( 4 . 3 )  

Blacknose dace 
Rhini ch thys at ra t ul us 2 1  0 . 0 2  5.3 (3.1) 

Redbel ly  dace 
Phoxinus erythrogaster 38 ' 0 . 0 3  9.5 (6.3) 

Johnny darter 
Etheostoma nigrum 86 0.06 2 1 . 5  (9.7) 

Or anget h r o a t  dart  e r 
EtheoBtoma spectabile 5 0.003 1.3 (0.8) 

F a n t a i l  darter 
Etheostoma flabellare 29 0.02 7 . 3 ( 5 . 0 )  

Orangespotted s u n f i s h  
Lepomis humilus 1 0.001 0 . 3  ( 0 . 3 )  

T o t a l s  1326 0.997 



Table 27. Modified Shannon-Weaver indices (d') calcLlated fzom catch car- fc= 
Paddy's Run (June, 1986: March, 1987; and June, 1987, collectians) ar.4 
Harker's Run (March, 1987, and June, 1987, collections). 

Paddy's Run 

Jun-8 6 Mar-87 Jun-87 
Site Number 

~~ 

Harker's Run 

Mar-87 Jun-87 

1 

2 

3 

4 

5 

9 

10 

2.8 2.6 

2.9 3.2 3 . 0  

2.6 1.7 2.9 

1.3 

2.6 2.5 

1.1 

2.7 

3.1 

3.0  

2 . 9  

2 . 2  

11 2.6 2.3 

combined 2.7 2.9 3.2 3.3 2.7 



Table 28 
t o  off-s 
ind ica te  

. 
i t e  sampling s:ations, April chrougn xay, 1 5 8 7 .  -> l . ; ses  

Occurrence of  spr ing migrant b i r d s  G ~ I  c:?e FY2C as CGT. ;SZE~;  

presence, blanks absence. 

SPECIES FMPC OFT - s I TZ 
f 

+ 
semipalmated plover 
l e s s e r  yellowlegs 
s o l i t a r y  sandpiper 
yellow-bellied sapsucker 
golden-crowned kinglet  
ruby-crowned kinglet  

, Swainson's thrush 
he rmi t  thrush 

+ + 
+ 
+ 
+ 
+ 
+ 

s o l i t a r y  vireo + + 
blue- w inged warble r + 

+ + Tennessee warbler 
northern parula  
chestnut-sided warbler 
cape may warbler 
yellow-rumped warbler 
black-throated green warbler 
blackburnian warbler 
p r a i r i e  warble r 
palm warbler 
b l  ac kpo 11 warb 1 e r 
black-and-white warbler 
American r e d s t a r t  + 
prothonotary warbler 
ovenbird 
northern waterthrush + 
mourning warbler + 
yellow-breasted chat 
rose-breasted grosbeak + 
s w a m p  sparrow + 
rus ty  blackbird 

+ 
+ 
+ 

+ + 
+ + 

+ 
+ 
+ 

+ + 
+ 

+ 
+ 

+ 

+ 

TOTALS 12 2 4  

3 S I  
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Table 30. Egg weights [means k SE (N)] of mourning doves and American robins in the northern pine 
plantation (PPl), southern pine plantation (PP2), and Miami Universrty campus/Hueston Woods State 
Park (offsite), spring 1987. 

SPECIES OFFSITE PP1 PP2 

~~ 

MouRNffimvE 6.23 f 0.18 (13) 6.25 f 0.12 (46) 6.32 * 0.13 (33) 

AMERICAN ROBIN 6.00 f 0.16 (22) 5.81 f 0.12 (41)" 6.22 f 0.11 (44) 

~~ 

* *  P< .01 as compared to offsite populations. 



a"" 
Table 31. Weighm and morphomeoia of prefledgling ImXrning doves and American robins in the normern pine plantailon (PPI). 
southern pine planmiion (PPl), and Mami University CampuVHuesmn Woods State Park (offsite). spring 1987. Values 
(means f SE) represent asymptoac values before fledging. 

PARAMETER KwwNGomE AMERKXN ROeH 

OFFSm PP1 PP2 orrsm PPI PP2 

Number of Fledglings 1 2  1 1  17  35 20 2 4  

Weight (0)  64.8 f 2.4 64.1 f 2.9 63.2 f 2.0 56.4 f 0.5 54.2 f 0.9' 55.8 f 0.8 

65.8 f 2.1" 64.2 f 2.5" Wing Chord (mm) 80.2 f 3.4 79.0 f 3.4 76.1 f 2.7 72.3 f 1.1 

Primary Length (mm) a' 34.6 f 2.1 33.9 f 2.0 32.4 f 1.7 37.2 f 1.0 31.3 f 1.6" 30.3 f 1.9" 

Culmen Length (mm) 13.7 f 0.3 13.6 f 0.4 13.7 f 0.3 15.5 f 0.2 15.4 f 0.2 14.5 f 0.2"' 

Length of 3rd Toe (mm) 21.7 f 0.5 20.2 f 0.5 19.8 f 0.3 24.0 f 0.4 23.4 f 0.4 23.4 f 0.2 

a' The outermost p i m u y  for each spedee waa mearwed (810 for mourning hver and #9 for American robins). 
P < .OS M e n  compared IO commlr. 

.* P < .01 when ampored to eunuolr. 
*** P .01 when compared to PP1 and dm conud. 
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Table 34 .  Genetic variability in populations of mayflies sampled. 

MEAN HETEROZYGOSITY 

OF ALLELES OF LOCI DIRECT- HARDY-WEINBERG 
MEAN NO. PERCENTAGE 

PER LOCUS POLYMORPHIC COUNT EXPECTED 
P OR OLAT I Obl 

116-1 
116-2 
116-3 
116-4 

11 6-5/6 
116-8 
116-9 

116-10 
27-1 
27-3 
27-5 

27-11 
2 7 -HR 

1.5 
1.5 
1 . 7  
1.3 
1.3 
1 . 7  
1 . 4  
1.5 
1.5 
1 . 4  
1.5 
1 .7  
1.5 

40.0 
33.3 
40.0 
40 .0  
26 .7  
40 .0  
33 .3  
33.3 
40 .0  
26.7 
33.3 
40.0 
26 .7  

0.27 
0 .22  
0 .27  
0 .27  
0.18 
0 . 1 9  
0 . 2 1  
0 .27  
0.22 
0 .16  
0 .24  
0 .25  
0.27  

0 . 2 9  
0 .30  
0.52 
0 . 3 1  
0 .33  
0 .38  
0 . 2 5  
0.30 
0 .29  
0 .23  
0.34 
0 .34  
0 .25  
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Table 38. Genetic variability in populations of midges 
and isopods sampled. 

MEAN HETEROZYGOSITY 
MEAN NO. 

OF ALLELES DIRECT- HARDY-WEINBERG 
PER LOCUS COUNT EXPECTED 

POPULATION 

Chironomus 

1 1 6 - 3  
116-4  
116-5  
11 6-7 
116-8  

116-10  
27-1  
27-3  
27-5 

27-11  

Lirceus 

116-1  
116-2  
1 1 6 - 3  
116-4  
11 6-7 
116-8  
116-9  

116-10  
27-1 
27-3 
27-5 

27-1  1 
27-BR 

3 . 0  
3 .5  
3 . 0  
3.5 
3 . 0  
3 . 0  
3.5 
3.5 
3.5 
4 . 0  

2 . 5  
2 . 5  
2 . 5  
2 . 5  
2 . 5  
2 . 5  
2 . 5  
3 . 0  
2 . 5  
2 . 5  
2 . 5  
2 . 5  
2 . 5  

0 . 2 9  
0 . 4 4  
0 . 3 8  
0 . 4 0  
0 . 4 2  
0 . 2 3  
0 . 5 1  
0 . 3 0  
0 . 3 6  
0 . 4 5  

0 . 2 5  
0 . 3 1  
0 . 3 6  
0 . 5 2  
0 . 3 8  
0 . 6 0  
0 . 4 2  
0 . 6 7  
0 . 4 1  
0 . 3 5  
0 . 5 0  
0 . 4 5  
0 .44  

0 . 5 2  
0 . 4 7  
0 . 3 7  
0 . 5 4  
0 . 5 6  
0 . 5 8  
0 . 4 5  
0 . 4 3  
0 . 4 8  
0 . 5 0  

0 . 4 5  
0 . 5 3  
0 . 5 6  
0 . 5 5  
0 . 4 3  
0 . 5 4  
0 . 4 8  
0 . 5 2  
0 . 5 6  
0 . 4 2  
0 . 4 6  
0 . 4 8  
0 . 4 4  

3 92. 
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Table 40. Contingency chi-square analyses for genetic heterogenei::) 
among midge and isopod populations from different sites/dates. 

A 1  1 A 1  1 
Samples Samples Site Site Site 
Paddy ' s Paddy ' s 1 3 5 

Run Run by Date by Date by Date 
Nov- 8 6 Feb-87 

LOCUS 

Chironomus 

GPI-1 
MP1-1 

NS 
NS 

NS 
NS 

NS NS 
NS NS 

Li rceus 

NS EST * *  NS 
GPI-1 NS NS NS NS 

* *  

**p S 0.01, NS - not significant, blank = specimens unavailable. 



Table 41. Allele frequencies at polymorphic l o c i  i n  rabbit samples 

OFFSITE FMPC 

N 6 10 
LOCUS 

OFFSITE FMPC 

N 6 10 
LOCUS 

ALD-1 A 0.92 1.00 
B 0.08 

, EST-1 A 0.17 
B 0 .83  0.05 
C 0.15 

EST-2 A 0.42 0.45 
B 0.48 0.55 

EST-3 A 0.92 1.00 
B 0.08 

GDH A 0.67 0.80 
B 0 . 3 3  0.20 

IDH-1 A 0.17 
B 0.75 0.15 
C 0.08 0 . 8 5  

MPI A 0 . 3 3  
B 0.67 
C 

ME A 0.17 
B 0.03 

PGM-1 A 0.30 
B 0.70 

PGM-2 A 0.25 
B 0.75 

PGM-3 A 1.00 
B 

6PG A 0.42 
B 0.58 
C 

0.25 
0.70 
0.05 

0.15 
0.85 

0.35 
0.65 

0.25 
0.75 

0.95 
0 . 0 5  

0.20 
0.70 
0.10 



Table 42. Genetic variability in populations of rabbits sampled. 

MEAN HETEROZYGOSITY 
MEAN NO. PERCENTAGE 

O F  ALLELES OF LOCI DIRECT- HARDY-WEINBEXG 
PER LOCUS POLYMORPH1 C COUNT EXPECTED 

POP ULAT I ON 

O F F S  ITE 1.5 45.8 15 .7  1 7 . 9  
FMPC 1 . 5  41.7 1 6 . 2  15 .0  

3 9 d  
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INTRODUCTION 

P r e v i o u s  b a s e l i n e  and  e c o l o g i c a l  s t u d i e s  ( r e p o r t e d  i n  

S e c t i o n s  I ,  11, and  111) conduc ted  d u r i n g  1986 and  1987 a t  t h e  

Feed Materials P r o d u c t i o n  C e n t e r  (FMPC) i n c l u d e d  s e a s o n a l  

p o p u l a t i o n  o r  community estimates of t h e  he rbaceous  a n d  woody 

v e g e t a t i o n ,  t e r r e s t r i a l  i n v e r t e b r a t e s ,  b e n t h i c  

m a c r o i n v e r t e b r a t e s ,  f i s h ,  b i rds ,  s m a l l  mammals, r abb i t s ,  game 

a n i m a l s  a n d  growth  rates i n  doves and  r o b i n s .  R e s u l t s  s u g g e s t  

t h e  t e r res t r ia l  f lo ra  and  f a u n a  are stressed by c u r r e n t  l a n d  

management p r a c t i c e s ,  and  t h e  b e n t h i c  and  f i s h  f a u n a  a re  

stressed a t  specif ic  l o c a t i o n s  w i t h i n  t h e  FMPC d r a i n a g e s .  

R e s u l t s  (see S e c t i o n s  I, 11, 111) of o u r  e n v i r o n m e n t a l  

p o p u l a t i o n  g e n e t i c  a n a l y s e s  o f  d a n d e l i o n s ,  b e n t h i c  

m a c r o i n v e r t e b r a t e s ,  amphib ians  a n d  f i s h  document changes  i n  

p o p u l a t i o n  s t r u c t u r e  o c c u r r i n g  i n  many of t h e  FMPC p o p u l a t i o n s  

s t u d i e d .  

The p r e s e n t  s t u d y ,  u n d e r  WMCO S u b c o n t r a c t  No. E-75969, 

c o n c l u d e s  o u r  su rvey ,  i n v e n t o r y  a n d  ecological c h a r a c t e r i z a t i o n  

of t h e  t e r r e s t r i a l  f lo ra  a n d  f a u n a ,  a n d  a q u a t i c  f a u n a  i n h a b i t i n g  

the FMPC. T h i s  report i n c l u d e s  r e s u l t s  of t h e  c h a r a c t e r i z a t i o n  

of t h e  benthic community of Paddy ' s  Run, a n d  H a r k e r ' s  Run, a n  

o f f s i t e  stream of similar s i z e  a n d  age. R e s u l t s  of o u r  s t u d i e s  

on t h e  s p r i n g  f lo ra  a n d  s p r i n g  m i g r a n t  b i rds  a t  t h e  FMPC were 

p r e v i o u s l y  reported ( S e c t i o n  111). 

I n  a d d i t i o n ,  m a y f l i e s  f rom selected si tes i n  Paddy ' s  Run 

a n d  t r e e f r o g  tadpoles from t h e  FMPC were compared t o  those from 

o f f s i t e  p o p u l a t i o n s .  T h i s  w a s  done t o  d e t e r m i n e  whether 



significant differences in population genetic structure might 

result from FMPC operations. 

Appendix A, Part IV includes a catalog of benthic species 

surveyed at the FMPC during the current quarter. Appendix B 

includes a list of incidental sightings at the FMPC. 

Results of this study are discussed with respect to 

seasonal changes in population or community structure and to 

other onsite or offsite studies of biotic community structure or 

environmental stress as appropriate. 

STUDY SITE AND METHODS 

Aquatic benthic macroinvertebrates were censused at sites 

along Paddy's Run (Fig. 1) and Harker's Run (Fig. 2 ) .  Harker's 

Run has been used as an offsite reference stream (see Section 

111, for a description). Benthic macroinvertebrates were 

censused and mapped by sampling sites on Paddy's Run or Harker's 

Run. All endangered species found are listed and included in 

Addendum I11 to the Catalogue of Species of the FMPC. 

commencing the study, sampling and electrophoretic protocols 

were submitted to WMCO for approval. 

Prior to 

Standard community indices were used to reduce the data. 

Results are expressed by habitat type in terms of density 

(number per unit area), or' number per unit effort (e.g., number 

of fish per 30 minutes of sampling). Additional parameters were 

also calculated. Species richness (R) is the number Of species 

found. Relative frequency of occurrence is the proportion of 
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individuals of each species in the sample with respect to the 

total number of individuals sampled. The latter data were used 

to assign estimates of abundance in Appendix A, Catalogue of 

Species of the FMPC. 

Species diversity was calculated using the Shannon-Weaver 

(1949) formula (H' = -&i In pi) and Simpson's Index, (D = 

En1 (nl-1) /n(n-1) ; Simpson 1949) . Species dominance (C 1 was 

calculated from the index of Simpson (1949). Evenness of 

distribution and abundance (J') was calculated using the methods 

outlined in Pielou (1966). The Jaccard Coefficient (Jaccard 

1908) and the Coefficient of Similarity (Whittaker 1975) were 

used as measures of qualitative community similarity in terms of 

presence or absence of species. Percent Similarity (Whittaker 

1975) and Morisita's Index (Morisita 1959) were used as measures 

of quantitative community similarity with respect to the number 

of individuals of each species present. Additional synthesis of 

the data is treated in each section. 

All taxa were catalogued according to frequency of 

occurrence by habitat type (Part 111, Appendix A). 

Representative specimens are housed in the Robert A .  Hefner 

Museum of Zoology, Miami University, Oxford, Ohio 45056. 

BENTRIC MACROINVERTEBRATES 

METHODS 

Benthic macroinvertebrates were collected 26-27 February 

1987 at sites 1, 3 ,  5 and 11 (Fig. 1) on Paddy's Run (PR) and 



dry downstream of PR5, thus PR9 could not be sampled as planned. 1 
The physical characteristics of the riffles and pools of Paddy's 

Run have been characterized elsewhere (Section 11) and 

preliminary observations (Facemire, unpublished data)' indicated 

the Harker's Run sites were similar in nature to those in 

Paddy's Run. 

At each sampling location, 3 samples were collected from 

the riffle immediately above (PR1, HR1, HR2) or below (PR3, PRS, 

PR11) the pool using a Surber stream bottom sampler (total 

sample area = 0.28 m2; mesh size = 508 pm; Merritt et al. 

Larger rocks were removed from the area enclosed by the sampler 

frame and were carefully scrubbed clean. 

removed were collected in a bucket. 

disturbed to a depth of 3-5 cm. 

the sampler were placed into labeled collection bottles, 

preserved with either 10% formalin or 70% ethyl alcohol, 

stored in o u r  laboratory awaiting sorting. 

1984). 

The organisms so 

The remaining substrate was 

The contents of the bucket and 

and 

Two samples, one from near the shore and one from the 

deeper mid-channel. area, were collected from each pool. In each 

case, the top 5 cm of substrate (gravel, sand, sediment, 

detritus, etc.) was removed with a stainless-steel sampler 

(total sample area = 0.063 m2). 

using a No. 35 standard testing sieve (mesh size = 500 p m ) .  

Organisms were floated to the surface, placed in collection 

jars, and preserved as noted above. 

Sub-samples were then washed 
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In the laboratory, all benthic organisms were sorted by 

family, counted, and stored for future reference. 

Identification was accomplished using taxonomic keys by Wiggins 

( 1 9 7 7 ) ,  Pennak (19781, Borrer et al. (1981) and Merritt and 

Cummins (1984). Densities (no./m2) were calculated for all 

organisms in both riffle and pool areas of the streams. 

Standard community and similarity indices (see Introduction) 

were used for data analysis. The taxa identified from the four 

Paddy's Run sites are included in Appendix A, Catalog of 

Species. 

RESULTS 

A total of 16,266 organisms representing 47 families were 

identified; 10,091 from Paddy's Run and 6,175 from Harker's Run 

(Tables 1,2). Twenty-five, 18, 11 and 21 taxa were collected at 

PR1, PR3, PR5 and PR11, respectively. In Harker's Run, 2 3  taxa 

were found at HR1 and 21 at HR2. In every case, larval or pupal 

forms of the non-biting midges (Chironomidae) were most numerous 

(91% of the total; varying from 81 to 98% depending on site); 

usually present in numbers 10-50 times greater than the next 

most dominant taxa. 

location with the exception of the pools at Harker's Run. 

contained only a single organism, a stone fly (Capniidae) and no 

organisms were found in the pool at HR2. 

Chironomidae were present at every sampling 

H R 1  

Representatives from four families were present at all 

sampling locations: isopods (Asellidae: Isopoda); mayflies 
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(Caenidae: Ephemeroptera); stoneflies (Capniidae: Plecoptera); 

and non-biting midges (Chironomidae: Diptera). 

Several taxa were unique to each site. Nemourids and 

taeniopterigids (Plecoptera) , hydraenids (Coleoptera) , 
limnephilids (Trichoptera) , and lymnaeids (Lepidoptera) were 
found only at PR1. Only the family Cambaridae (Decapoda) .was 

unique to PR3. The families Physididae (Gastropoda), 

Sminthuridae (Collembola) and Scolionidae (Hymenoptera) were 

represented only at PR5 by a single individual from each. At 

PR11, one individual from the family Ephydridae (Diptera) was 

found. Eight taxa were found only in Harker's Run. These were 

represented by an unidentified fresh-water clam (Pelecypoda); a 

sialid (Megaloptera); one each brachycentrid, leptocerid and 

glossosomatid (Trichoptera); several individuals of the family 

Philopotamidae (Trichoptera); four dolichipodids and a psychodid 

(Diptera). Only Philopotamidae and Psychodidae were common to 

both HR1 and HR2, and only in the case of the Philopotamidae 

were any of these unique families present in large numbers. One 

hundred forty-four and 96 individuals of this family were found 

in the riffles at HF41 and HR2, respectively. Second most 

numerous was 2 psychodids each at HR1 and HR2. 

Total density, measured as the number of individuals per 

square meter of stream bottom to a depth of approximately 5 cm, 

in the riffle community (Table 1) was highest at HR2, and lowest 

at PR1. For the pool community (Table 2), PR3 density was 

greatest and HR2 was least (no organisms were found). 



D i v e r s i t y  p a r a m e t e r s  (Table 3 )  were d e p r e s s e d  a t  a l l  s i t e s  

due t o  t h e  h i g h  number of ch i ronomids  p r e s e n t .  T h i s  was most 

e v i d e n t ,  where a s u f f i c i e n t  number o f  o rgan i sms  were p r e s e n t  t o  

a l l o w  c a l c u l a t i o n ,  a t  t h e  PR3 p o o l  where over 98% of t h e  

m a c r o i n v e r t e b r a t e s  p r e s e n t  were members of t h i s  f a m i l y  (however,  

H' was lowest, unde r  s imi la r  c o n s t r a i n t s ,  a t  t h e  p o o l  a t  P R 5 ) .  

When Chironomids were exc luded  from t h e  a n a l y s i s ,  d i v e r s i t y  

i n d i c e s  g e n e r a l l y  i n c r e a s e d .  The o n l y  e x c e p t i o n  was a t  t h e  p o o l  

a t  P R 1 .  With t h e  removal  of t h e  ch i ronomids  from t h e  

c a l c u l a t i o n ,  H' decreased i n  v a l u e  for  t h a t  l o c a t i o n .  Community 

s i m i l a r i t y  i n d i c e s  (Tables 4a,b) were h i g h l y  ambiguous when 

ch i ronomids  were i n c l u d e d  i n  t h e  c a l c u l a t i o n s  and  i n t e r p r e t a t i o n  

w a s  e s s e n t i a l l y  impossible; f o r  t h i s  r e a s o n ,  t h e  t a x o n  was 

e x c l u d e d .  F u r t h e r  d i s c u s s i o n  of these i n d i c e s  a p p e a r s  

hereafter. A compar ison  of t a x a  p r e s e n t  i n  t h e  t w o  streams 

a p p e a r s  i n  Table 5 .  

DISCUSSION 

I n  S e c t i o n  11, w e  r e p o r t e d  4 1  t a x a  ( r e p r e s e n t i n g  some 30 

f a m i l i e s )  of b e n t h i c  m a c r o i n v e r t e b r a t e s  collected from 1 0  

P a d d y ' s  Run sites between 20 November and  18  December 1986.  The 

47 fami l ies  reported h e r e i n  (Tables 1 and 2)  r e p r e s e n t  a 

s u b s t a n t i a l  i n c r e a s e  over t h e  1 9  t a x a  r e p o r t e d  by Pomeroy and 

co-workers (1977)  and  more t h a n  1 . 5  times t h e  number of families 

p r e s e n t  d u r i n g  November and  December 1986.  L a r g e r  numbers of 

t a x a ,  however , should  be e x p e c t e d  i n  e a r l y  s p r i n g  as most do n o t  

b e g i n  emerging  u n t i l  water t e m p e r a t u r e s  r ise (Merritt and  



C u m i n s  1984) and t h u s  would s t i l l  be present  i n  l a t e  February. 

I f  sor ted  t o  genus or  species  l eve l ,  we would expect some 60-100 

taxa t o  have been present during February 1987. 

The f a c t  t h a t  ove ra l l  dens i ty  i n  t h e  r i f f l e  a t  PRll was 

near ly  twice t h a t  a t  P R 1  and 50% g rea t e r  than a t  H R 1  may be due 

t o  severa l  f a c t o r s .  F i r s t ,  t h e  stream c h a r a c t e r i s t i c s  were 

somewhat d i f f e r e n t  a t  P R 1 1 .  

shallow and slower moving the re  than a t  e i t h e r  P R 1  o r  H R 1 .  I n  

addi t ion  t o  t h e  FMPC, o ther  i n d u s t r i a l  f a c i l i t i e s  a r e  loca ted  

upstream of P R 1 1 .  Some a g r i c u l t u r a l  input may a l s o  accrue 

between t h e  FMPC and P R 1 1 .  Thus, condi t ions f o r  growth and 

p r o l i f e r a t i o n  may have been better due t o  n u t r i e n t  i n f l u x e s  and 

stream condi t ions a t  P R l l  t h a n  a t  any o the r  Paddy's Run s i t e  

sampled. Algal growth (Facemire, personal observat ion)  seemed 

t o  have been g r e a t e r  a t  t h i s  s i t e .  

The stream was genera l ly  more 

The same explanation does not hold for t h e  high d e n s i t y  a t  

t h e  PR3 r i f f l e .  

E lec t rophore t ic  da ta  presented i n  Section 111, however, 

ind ica ted  t h i s  s i t e  t o  be s t r e s s e d .  Odum (1985) pred ic ted  t h a t  

environmental stress should lead t o  a decrease i n  d i v e r s i t y  and 

a concomitant increase i n  dominance. T h i s  seems t o  have been 

t h e  case a t  P R 3 .  

T h i s  r i f f l e  w a s  s imi l a r  i n  appearance t o  P R 1 .  

The dominant organismal group, t h e  non-biting midges, 

composed 9 4 . 1 %  of t h e  t o t a l  number of ind iv idua ls  i n  t h e  P R 3  

r i f f l e  a s  opposed t o  only 85.9% a t  PR1.  The f a c t  t h a t  there 

were more t h a n  twice a s  many of them a t  PR3 when compared t o  P R 1  

may be due t o  increased organic mater ia l  o r  t o  a s l i g h t  
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difference in substrate size as both have been shown to affect 

chironomid numbers (Merritt and Cumins 1984, Pennak 1978). The 

areas with the highest densities, the pool at PR3 and the riffle 

at HR2, were apparently under similar influences, as again, 

chironomids were highly dominant (98.5% and 89.7% of 'the total 

number of individuals, respectively). Most of the chironomids 

from the PR3 pool were 4th-instar larvae. 

The extremely low densities noted in the pools at Harker's 

Run were probably due to the fact that the substrate of both 

pools was nearly devoid of any form of detritus or other organic 

material which could serve as food for benthic animals. The 

relatively homogeneous substrate of the pool at PRll (Facemire, 

unpublished data), could account for the low density there as 

Ricklefs (1973) predicted decreased densities with a decrease in 

habitat heterogeneity. 

While diversity indices (Table 3) were much lower than 

those normally reported for such streams (see Section 111, 

diversity indices calculated using any taxonomic level above 

species are always depressed (Hughes 1978). Furthermore, the 

heavy preponderance of the Chironomidae at each site also caused 

extreme depression of diversity values. This is amply 

illustrated by comparison of indices calculated when the midges 

are excluded (Table 3 ) .  The reader is cautioned, however, that 

diversity indices calculated from' family level data are not only 

depressed, but are also not proportionate to species level 

calculations (Hughes 1978) . 



1 

Community similarity analysis results were somewhat 

dependent upon the index used. Whittaker's Percent Similarity 

(Whittaker 1 9 7 5 )  and Morisita's Index (Morisita 1 9 5 9 )  both show 

(Table 4a) PR1 was more similar to other sites on Paddy's Run 

than to either Harker's Run location, and that the two Harker's 

Run sites were more similar to each other than to any other 

location. Those data presented in Table 5 support these 

conclusions. In addition, a clear trend was evident as one 

progressed downstream from PR1, the control site on Paddy's Run. 

Each subsequent location was generally less similar to PR1 than 

the one preceding it; which we believe to be a clear indication 

of increasing environmental impact with distance from the stream 

source, a phenomenon not to be unexpected under most 

circumstances. HR2 was more similar to all Paddy's Run sites 

than was HR1. This may be due to increased habitat 

heterogeneity at HR2 when compared to HR1, or to the fact that a 

small tributary empties into Harker's Run at HR2. 

If one considers both Jaccard's Index (Jaccard 1908) and 

Whittaker's Coefficient of Similarity (Whittaker 19751, however 

(Table 4b), PR1 and PRll were most similar in that stream, but 

PR1 wasmore similar to the two Harker's Run sites than to PR5. 

Individually, Jaccard's Index indicates HR1 and HR2 to have been 

most similar to one another rather than to any location on 

Paddy's Run, but the Coefficient of Similarity index shows HR1 

to be most similar to PRll and more like PR3 than HR2. The 

reason for these anomalies is not clear, but is likely an 

artifact of the differences in the calculations for the various 



indices. At any rate, because of these ambiguities, no clear 

statement regarding community similarity is possible other than 

as noted above regarding the trend f o r  Paddy's Run. Substrate 

analysis for the two streams might add to the overall 

understanding of benthic community structure in both Paddy's Run 

and Harker's Run. 

Species presence and absence data (Tables 1,2) tend to 

support the proposition that PR1 and PRll are-more similar to 

one another than to either PR3 or PRS. Four taxa (round worms, 

Nematoda; limpets, Ancylidae; water pennies, Psephenidae; caddis 

flies, Psychomyiidae) found at PR1 and P R l l  were not present 

elsewhere in the stream. Two of these, water pennies 

(Psephenidae: Coleoptera; Mundahl, personal communication) and 

limpets (Ancylidae: Gastropoda; Pennak 1978) are often found in 

areas of low environmental stress. Chandler (19701, in the 

process of developing a biotic index based upon presence or 

absence of benthic macroinvertebrates in British streams, listed 

several families; the presence of which indicated a relative 

I lack of pollution or stress. Two of the four which headed his 
I 

list, Perlodidae and Taeniopterygidae (both larval stoneflies, 

Plecoptera), were also found at these two sites; the former at 

P R l l  and the latter at P R 1 .  Regarding stress, PR1 appears to be 

least stressed, as this was the only site sampled where 

Helicopsychidae, a caddis fly (Trichoptera) larvae, were found 

in February, 1987. This organism is only present in unpolluted 

waters (Mundahl, personal communication; during a preliminary 

census taken in May, 1986, this organism was found in Paddy's 



1 

Run only above the K-65 area). In addition, species richness 

was highest at PR1, gradually decreasing with the downstream 

sites until reaching PR11. Nearly twice the number of species 

found at PRS were present at this most-downstream site. 

In conclusion, whereas a relatively diverse 

macroinvertebrate fauna were found present in Paddy's Run, some 

data indicated moderate to severe environmental stress in the 

stream below PR1 with, perhaps, some recovery occurring at PR11. 

It is probable that the low water table leading to a dry 

streambed below PR5 could account for part of those phenomena 

observed during the sampling period. 

THREATENED AND ENDANGERBD SPECIES 

We did not record any species on the FMPC from April-June, 

1987 which are included on the Ohio or Federal list of Rare and 

Endangered Species. 

ENVIRONMENTAL POPULATION GENETICS 

BENTEIC MACROINVERTEBRATES 

STUDY SITES 

As part of our continuing investigation of the possibility 

of stress on mayfly (Stenonema femoratum) population genetic 

structure (Section 111), mayflies were collected from sites 1, 

3, 5 and 11 in Paddy's Run (Fig. 1) from A p r i l  28 - May 7 ,  1987. 



Physical characteristics of the riffles and pools have been 

summarized (Section 11). 

At each site we attempted to collect a minimum of 20 

mayflies. Samples from a given site are identified by the date 

of collection, e.g., 57 (May 1987), followed by the site number; 

they are referenced in this manner throughout the remainder of 

this section. 

ELECTROPHORETIC METHODS 

Specimens were stored frozen at - 7 0  C until needed for 

electrophoresis. At the appropriate time individuals were 

thawed, homogenized manually in spot plates without extractant 

and electrophoresed. Loci analyzed and buffers used are 

detailed in Table 6. Gels were 15% Sigma starch (Karlin and 

Guttman 1981) except for the LiOH system which was made with 13% 

Sigma starch. 

Histochemical procedures followed Harris and Hopkinson 

(1976) and Selander et al. (1971). After the gels were stained, 

the genotypic composition of each sample at each locus was 

determined and recorded. 

BIOSYS-I computer program (Swofford and Selander 1981). Allele 

frequencies, deviations from expected genotypic proportions 

assuming Hardy-Weinberg equilibrium conditions and amount of 

genetic variation were determined. 

for interpopulation heterogeneity were performed. See Section 

I for a discussion of Hardy-Weinberg equilibrium and methods for 

Genotypic data were analyzed using the 

Chi-square contingency tests 



determination of expected genotypic proportions and 

heterozygosity. 

RESULTS 

Four loci (GPI-1, MDH-1, PGM-1, TPI) were variab'le and 

consistently resolvable in most mayfly samples (Table 7 ) ;  

techniques for analysis of TPI were developed subsequent to 

analysis of November and February samples (Section 111). 

Allelic diversity was similar in all samples (Table 8) with 

either three or all of the variable loci being polymorphic in a 

single sample. 

different from expected values in all samples (Table 8); actual 

heterozygosity ranged from approximately one-third (site 11) to 

one-half expected. Significant deviations from values expected 

under conditions of Hardy-Weinberg equilibrium occurred at all 

sites but were most concentrated at sites 3 and 11 where the 

non-conformation index (Section 11) was 67% and loo%, 

respectively (Table 9) . All instances of non-conformation were 

determined by heterozygote deficiencies. 

Mean direct-count heterozygosity was quite 

Contingency X2 analyses demonstrate significant differences 

among mayfly population samples from May 1987 (Table 10); 5 0 %  of 

the comparisons deviated significantly. Mayflies from each site 

sampled in May 1987 were compared to those from every other 

site; pairwise analyses indicate that most significant 

heterogeneity involves the sample from site 11 (Table 10). 

Stenonema from site 11 differ significantly from those collected 

at sites 1 and 5 at 7 5 %  of the variable loci. Comparisons 



between populations from s i t e s  1 and 3,  3 and 5, 1 and 5 and 3 

and 11 show s i g n i f i c a n t  heterogeneity only a t  the  TPI locus.  . 

Analyses f o r  heterogeneity over time (from November t o  May) 

ind ica t e  t h a t  a l l e l e  frequencies appear r e l a t i v e l y  s t a b l e  a t  

s i t e s  1 and 5 ,  w i t h  only G P I  a t  t h e  former s i t e  exhib i t ing  a 

s i g n i f i c a n t  s h i f t .  I n  con t r a s t ,  67% of t h e  var iab le  l o c i  

analyzed i n  each temporal sample from s i t e s  3 and 11 

demonstrated s i g n i f i c a n t  heterogeneity i n  a l l e l e  frequency. 

D I S C U S S I O N  

I n  Section 111, w e  examined the  population genet ic  

s t r u c t u r e  of mayflies co l l ec t ed  i n  November 1986 and February 

1987 from sites i n  Paddy's Run and found t h a t  gene t ic  changes 

occurred over shor t  d i s t ances .  

from s i tes  1 and 2 (Figure 1) were heterogeneous a t  only one 

locus (GPI-1,  p S 0.05) and heterogeneity d i d  not occur a t  any 

locus between insects from s i t e s  2 and 10 .  However, 67% of t h e  

polymorphic l o c i  exhib i ted  heterogeneity over t h e  short  dis tance 

between s i tes  2 and 3 .  

m a y f l i e s  from s i t e  8 compared w i t h  s i t e  9 o r  from s i t e  9 

compared with s i t e  1 0 .  

Stenonema from s i t e  8 and from s i t e  10 indicated heterogeneity 

a t  50% of t h e  va r i ab le  l o c i .  Comparisons between mayflies from 

s i t e  2 w i t h  those from e i t h e r  si tes 8 or 9 were heterogeneous a t  

33% of t h e  var iab le  l o c i  ( p  S 0 . 0 1  and p 5 0.05 ,  r e s p e c t i v e l y ) .  

T h i s  s t u d y  found t h a t  mayflies 

Heterogeneity d id  not occur between 

Contingency X2 comparisons between 

T h e i r  February 1987 da ta  indicated t h a t  t h e  percent non- 

conformation remained elevated a t  si tes 3 and 5 compared w i t h  
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site 1. They included a new site, 11, below the New Haven Road 

bridge; this population had a non-conformation index of 0.67, 

the highest for the Stenonema in the February samples. When all 

populations sampled in February were compared, significant (p I 

0.01) heterogeneity was found only at the GPI-1 locus. Three 

sites (1, 3 ,  5/6) were sampled on both dates. Major changes 

occurred in the Stenonema from site 3; 67% of the variable l o c i  

were significantly (p 5 0.01) different between the two sampling 

dates. This contrasted with a change at only 17% of the loci at 

site 1 (p I 0.05) and 33% at site 5/6 (p S 0.05). 

Patterns in the May 1987 mayfly samples tended to parallel 

those in November 1986 and February 1987. Non-conformation was 

high in all samples ( 2  0.50) but highest in populations from 

sites 3 and 11 (0.67 and 1.00, respectively). When allele 

frequencies were compared among populations on an individual 

locus basis, significant heterogeneity occurred at 50% of the 

variable loci; this level is intermediate between the February 

(17%) and November (67%) values. Stenonema from site 11 show 

marked differentiation relative to other samples, exhibiting 

significant heterogeneity at all variable loci, except PGM-1, 

when compared with mayflies from either sites 1 o r  5 .  

Sections I, I1 and I11 provide data which address the 

possible relationship between environmental disturbances and 

population genetic structure. The investigators noted evidence 

indicating that stress impacted fish and invertebrate genetic 

structure at sites 3 and 8. The November, 1986 mayfly sample 

(Section 111) exhibited dimunition of significant heterogeneity 



between s i t e s  8 and 1 0 ;  sampling i n  May 1987  shows t h a t  e f f e c t s  

a r e  manifested i n  populations fu r the r  downstream. The present 

da ta  suggest t h a t  s t r e s s  continues t o  a f f e c t  benthic populations 

a t  s i t e  3 .  I t  a l s o  appears t h a t  a l t e r a t i o n s  e x i s t  i n  t he  

gene t ic  s t r u c t u r e  of downstream Stenonema populations between 

s i t e s  5 and 11. 

TREEFROGS 

A s  p a r t  of our in tens ive  year-long basel ine ecologica l  

s t u d y ,  w e  character ized t h e  degree of gene t ic  polymorphism and 

heterozygosity i n  se lec ted  FMPC populations using 

e l ec t rophore t i c  techniques.  

i nd ica to r  of s t r e s s  by comparing populations on and off  t h e  FMPC 

reserva t ion .  

These da ta  a re  being used a s  an 

Anurans ( f rogs  and toads)  a r e  i d e a l  organisms f o r  use a s  

monitors of environmental stress. 

i n  water and t h e  tadpoles spend from one t o  three months 

(depending on t h e  species)  developing i n  aquat ic  h a b i t a t s ;  

during t h e  tadpole  s tage  t h e y  a r e  herbivores feeding 

predominantly on a lgae .  

t e r r e s t r i a l  carnivores .  

or d i spe r se  up t o  10 km ( E w e r t  1 9 6 9 ) .  However, t h e i r  f i r s t  

breeding season t h e y  demonstrate a remarkable f i d e l i t y  t o  t h e i r  

n a t a l  s i t e  and most w i l l  migrate d i r e c t l y  back t o  t h e  pond i n  

which t h e y  developed ( C h r i s t e i n ,  Guttman and Taylor 1 9 7 9 ) .  

They breed and l ay  t h e i r  eggs 

Upon metamorphosis anurans become 

They may s t ay  around the i r  n a t a l  pond 



A d u l t s  w i l l  c o n t i n u e  t o  r e t u r n  t o  t h e  same s i t e  y e a r  a f t e r  y e a r  

(Oldham 1967)  a n d  cases e x i s t  of i n d i v i d u a l s  r e t u r n i n g  t o  t h e  

s i t e  of a n a t a l  pond l o n g  a f t e r  it h a s  been  o b l i t e r a t e d  (Heusser 

1 9 6 0 ) .  

W e  s t u d i e d  t r e e f r o g s  ( s p r i n g  peepe r ;  Hyla cruc i fer )  b e c a u s e  

t h e y  are  one  of t h e  most abundan t  anuran  species i n  t h e  v i c i n i t y  

o f  t h e  FMPC and  because  t h e y  breed o n s i t e  ( S e c t i o n  I ) .  S p r i n g  

p e e p e r  females each deposi t  a p p r o x i m a t e l y  900 eggs, e g g  ha tch  

o c c u r s  i n  6 d a y s  and  t a d p o l e s  r e q u i r e  a b o u t  4 5  d a y s  i n  water 

before metamorphosis  (Gosner  and  Rossman 1 9 6 0 ) .  F i r s t  

r e p r o d u c t i o n  o c c u r s  a t  one  y e a r  of age ( C o l l i n s  1975)  a n d  t h e  

l o n g e v i t y  record f o r  a treefrog o f  t h i s  genus  i s  1 4  y e a r s  of age 

( B o w l e r  1977)  . 
S p r i n g  peeper tadpoles  (N=60) were collected from a n  

ephemera l  pond, s u r r o u n d e d  by  m o w e d  grass, w i t h i n  t h e  waste p i t  

area a b o u t  150 m s o u t h  of Waste P i t  6 ( F i g u r e  3) i n  May 1 9 8 6  

( S e c t i o n  I ) .  However, a t  t h e  t i m e  of t h e  1986 sampl ing ,  w e  

were u n a b l e  t o  locate a n  o f f s i t e  p o p u l a t i o n .  Here w e  report  

data from a 1987 r e s a m p l i n g  of treefrogs from t h e  s i t e  i n  t h e  

waste p i t  area a n d  compare these s p r i n g  p e e p e r s  w i t h  a n  o f f s i t e  

p o p u l a t i o n .  W e  also report p a t t e r n s  i n  t h e  FMPC Hyla cruc i fer  

tadpole p o p u l a t i o n  over a two y e a r  p e r i o d .  

METHODS 

Resampling o c c u r r e d  from t h e  ephemera l  pond (N-20) i n  May 

1987.  An o f f s i t e  sample  (N=20) was also collected from I n d i a n  

Creek  County Pa rk ,  B u t l e r  County,  Ohio a t  t h a t . t i m e .  



Structural enzyme loci were electrophoretically analyzed 

(Table 6) in all three samples of H. crucifer and genotypic 

data were examined for differences in genetic structure using 

BIOSYS-1 (Swofford and Selander 1981; see Section I for detailed 

methods). 

RESULTS 

Six of the loci examined were variable (Table 11). A 

unique allele, GPIC, occurred in FMPC populations in both years; 

this allele was not present in the offsite sample. Genotypic 

proportions for samples of FMPC tadpoles were significantly 

different from expected under conditions of Hardy-Weinberg 

equilibrium (1986: 2 loci (6PGD, LDH-11, p < 0.01; 1987: LDH-1, 

p < 0.01); these differences were due to heterozygote 

deficiencies. However, over all loci, mean-direct count 

heterozygosities of the FMPC samples were similar to expected. 

Genotypic proportions at all loci were not significantly 

different from expected in the offsite population. Contingency 

X2 tests indicated that allelic proportions were, with one 

exception (6PGD, p < 0.011, homogeneous between the two FMPC 

samples. In contrast, comparisons between the 1987 FMPC and 

offsite samples demonstrated significant heterogeneity at 57% of 

the loci studied (GDH, LDH-1, p = 0 . 0 5 ;  GPI, 6PGD p < 0.01). 

DISCUSSION 

Two of the six variable loci showed significant differences 

from Hardy-Weinberg expectations in the FMPC tadpole samples; 
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none were significantly different from expected in the offsite 

Hyla. The offsite and the 1987 FMPC samples were significantly 

different at four polymorphic loci. 

In both years there was a significant (p < 0.001) 

deficiency of heterozygotes at the lactate dehydrogenase (LDH-1) 

locus in the treefrogs from the FMPC; the 1987 FMPC and offsite 

tadpole samples were significantly (p 0.05) different at this 

locus. Major differences in respiratory metabolism (DiMichel-e 

and Powers 1984) and developmental rate (DiMichele and Taylor 

1981) in fish have been shown to be directly correlated with 

specific LDH genotypes. 

A significant, unique allele at the glucose phosphate 

isomerase (GPI) locus was found in the FMPC treefrog tadpoles. 

GPI is an essential glycolytic enzyme. The allele, GPIC, is a 

null (inactive under assay conditions). It was present in FMPC 

samples from both years with a frequency of approximately 20% 

and was expressed only in heterozygous condition. This allele 

was not present in tadpoles from offsite and significant 

heterogeneity (p < 0.001) existed between FMPC and offsite 

tadpoles at this locus. Guttman (1985) recently reviewed the 

literature on biochemical population genetics of frogs and toads 

and did not find any instance of a null allele at a glycolytic 

enzyme locus. Null alleles have occasionally been found at 

glycolytic enzyme loci in other organisms and they are often 

associated with disease; for example, G6PD deficiencies cause 

severe anemias in man (Spiess 1977). However, GPI homozygous 

nulls have been demonstrated to be lethal. Burkhart et al. 



(1984) analyzed null alleles in Drosophila and noted that G P I  

was the only essential locus among those studied; the null was 

lethal as a homozygote. Hydrops fetalis or immediate neonatal 

death of humans has recently been shown to be caused by G P I  

deficiency (Ravindranth et al. 1987). 

Selection pressures act on the genetic variation in 

populations and this genetic variation is often essential for 

the survival of the species (Soule 1986). The result of natural 

selection is the alteration of genotypic proportions from that 

found without selection. If new alleles arising in a population 

are recessives, they may be propagated through subsequent 

generations in heterozygous condition without being subject to 

selection directly. Mating between two heterozygotes 

(carriers) will produce 25% offspring homozygous for this 

recessive allele. If the allele is lethal in homozygous 

condition, 25% of the offspring will not survive. In such 

situations, following selection, the lethal allele appears only 

in heterozygous condition e.g., sickle cell anemia (Merrell 

1975) and hydrops fetalis (Ravindranath et al. 1987) in humans 

and the yellow lethal in mice (Merrell 1975). We believe that 

the null GPI allele found in Hyla crucifer on the FMPC is, when 

homozygous, lethal during early development; therefore, the only 

treefrogs that we could collect with that allele would be 

heterozygotes. Laboratory experiments are necessary to prove 

whether the null GPI allele i s  lethal when homozygous. 

Our data suggest significant effects of FMPC operations on 

the Hyla cruci fer  breeding in the waste pit area. However, our 



offsite sample of spring peepers was collected approximately 15 

km from the FMPC. Heavy metals and radionuclides, such as those 

found in the waste pit area, have been shown to be mutagenic. 

Additional sampling from ponds immediately around the FMPC must 

occur before the cause and site of origin for the null G P I  

allele can be unequivocally determined. 

Metamorphosed spring peepers migrate offsite and while most 

return as sexually mature adults the following spring, some join .. 

other breeding populations (Ewert 1969), possibly introducing a 

deleterious allele into gene pools offsite. The fidelity that 

anurans show to a natal area, even after elimination of their 

pond (Heusser 1960), coupled with their high fecundity and 

longevity, indicate that they will continue to attempt to breed 

onsite in the waste pit area. 

SfTwwARY AND CONCLUSIONS 

Bonthic Macroinvortebrato8 

Benthic macroinvertebrates were collected from Paddy's Run 

and Harker's Run on February 27 and 28, 1987. A total of 16,266 

organisms representing 47 families were identified. The most 

abundant were the non-biting midges (Chironomidae), which 

comprised approximately 98% of the total number of individuals. 

There was a decline in species richness, indicative of 

increasing stress, in Paddy's Run from PR1 downstream to below 

PR5 with an increase noted at PR11. 

indices (Chironomidae excluded) generally supported this trend. 

Community similarity 

d 
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D i v e r s i t y  was h i g h e r ,  however, a t  P R l l  r i f f l e s  ( w i t h  

Chironomidae e x c l u d e d )  t h a n  a t  o the r  Paddy ' s  Run s i t e s  but  lower 

t h a n  a t  e i t h e r  s i t e  a t  Harker 's  Run. 

Species r i c h n e s s  was g r e a t e s t  a t  PR1  and  H R 1 .  P R l l  and  HR2 

r anked  second i n  t h e  number of t a x a  p r e s e n t  i n  e a c h  stream. A 

l a r g e  number of t a x a  w a s  u s u a l l y  n o t  i n d i c a t i v e  o f  h i g h  d e n s i t y .  

The d e n s i t y  a t  PR3, where o n l y  18  t a x a  were p r e s e n t  as compared 

t o  25 t a x a  a t  P R 1 ,  was n e a r l y  three times t h a t  p r e s e n t  a t  P R 1 .  

A s i m i l a r  phenomenon w a s  n o t e d  when comparing H R 1  and  H R 2 ,  

a l t h o u g h  t h e  magni tude  was somewhat less. 

These data ,  i n  a d d i t i o n  t o  p r e s e n c e  and  absence  data,  

s u p p o r t  o u r  p r e v i o u s  f i n d i n g s  t h a t  Paddy ' s  Run i s  stressed 

downstream of P R 1 .  

Environmontal Population GanOtiC8 
- 

One hundred  and  seven  m a y f l i e s  (S tenonema femoratum)  were 

collected from sites on Paddy ' s  Run Creek a n d  examined u s i n g  

starch ge l  electrophoresis. I n  a d d i t i o n ,  20 s p r i n g  p e e p e r  (Hyla 

c r u c i f e r )  t a d p o l e s  were c a p t u r e d  i n  a n  ephemeral pond i n  t h e  

waste p i t  area a n d  a n  o f f s i t e  t r e e f r o g  t a d p o l e  sample w a s  

o b t a i n e d  from a p a r k  n e a r  R e i l y ,  Ohio; these were compared u s i n g  

electrophoretic t e c h n i q u e s .  

Mayfly g e n e t i c  data i n d i c a t e  t h a t  s i g n i f i c a n t  changes  i n  

p o p u l a t i o n  g e n e t i c  s t r u c t u r e  o c c u r  a t ,  or ups t r eam of ,  s i t e s  3 

and  11. M a y f l i e s  f rom s i t e  11 d e m o n s t r a t e d  t h e  greatest  

r e d u c t i o n  i n  v a r i a b i l i t y  f rom e x p e c t e d  v a l u e s ;  a l l e l e  
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frequencies obtained for this sample were significantly 

different from all other synchronic samples. A l s o ,  the highest 

index of non-conformation occurred in insects from sites 3 and 

11. These data support prior studies (Sections 11, 111) and 

suggest stress in Paddy's Run at a minimum of two locations 

(between sites 1 and 3 and between sites 5 and 11). 

Electrophoretic analysis of treefrog tadpoles from the 

waste pit area demonstrated the continued (Section I) deficiency 

of heterozygotes, at a lactate dehydrogenase locus. A null 

(inactive) allele at the glucose phosphate isomerase (GPI) 

enzyme locus was again present in significant frequency 

(approximately 20%) in the FMPC population. This GPI allele was 

not present in the offsite sample. The null allele may have 

resulted from a mutation occurring in treefrogs found in the 

waste pit area and is being perpetuated. Analysis of additional 

spring peepers from ponds immediately around the FMPC must occur 

before the site where the null GPI allele originated can be 

unequivocally determined. 
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Table 1. Density (number/square meter) of benthic macroinvertebrates collected 
from riffles at four sites on Paddy's Run and two sites on Harker's Run, 
February, 1987.  Numbers in ( 1  are the total numbers of organisms collected. 

TAXON 
S I R  

PRl PR3 P R5 PRll HR 1 HR2 

NEMATODA 3 .6  
(1) 

10 .7  
( 3 )  

MOLLUSCA 
GASTROPODA 

Anc ylidae 1 4 . 3  
( 4 )  

28 .6  
( 8 )  

PELECYPODA 3 . 6  
1 

ANNELIDA 
OLIGOCHAETA 1 4 . 3  

( 4 )  
82 .1  
( 2 3 )  

1 0 . 7  1 7 . 9  
( 3 )  ( 5 )  

ARTHROPODA 
CRUSTACEA 

ISOPODA 
Asellidae 1 4 . 3  

( 4 )  
1 4 . 3  21.4 

( 4  1 ( 6 )  
10.7 

(3) 
3 . 6  2 5 . 0  
(1) ( 7 )  

ARACHNIDA 
HY D RACARI NA 1 4 . 3  

( 4 )  
1 0 . 7  3 . 6  

(3) (1) 
INSECTA 
EPHEMEROPTERA 

Baet idae 3 . 6  
(1) 

25.0 7 . 1  
( 7 )  ( 2 )  

1 4 . 3  
( 4 )  
3 .6  
(1) 

3.6 
(1) 

3 9 . 3  4 2 . 9  
(11) (12) 

2 8 . 6  
( 8 )  

Caenidae 

Hept ageniidae 

Siphlonurldae 

COLLEMBOLA 
Sminthuridae 3 . 6  

(1) 
PLECOPTERA 

Capniidae 

Leuctridae 

342.8 353.5 
(96)  (99 )  
10.7 . 3 . 6  

(3)  (1) 
3 . 6  
(1) 

5 3 . 6  64 .3  107.1 4 2 . 9  
(15) (18) (30 )  (12 )  

Nemouridae 

Perlodidae 3 . 6  
(1) 

Taeniopterygidae 7 . 1  
( 2 )  

COLEOPTERA 
Curculionidae 

E lmidae 17 .9  7 . 1  
(5) ( 2 )  
3 .6  
(1) 

3 . 6  
(1) 

Hydraenidae 

Me1 yridae 3 . 6  
(1) 



Table 1. (Cont.) 

S I T t  
T A X O N  

PR1 PR3 P R5 PRl1 HR1 HR2 

50.0 25.0 82.1 153.6 Psephenidae 

HYMENOPTERA 
Scelionidae 

TRICHOPTERA 
Brachycentridae 

Glossosomatidae 

Helicopsychidae 

Hydropsychidae 

Lept oceridae 

Limnephilidae 

Phi lopot amidae 

Polycentropodidae 

Psychomyiidae 

Rhyacophilidae 

DIPTERA 
Ceratopogonidae 

C hlronomidae 

Dolichipodidae 

Empididae 

Ephydridae 

Psychodidae 

Simuliidae 

Tabanidae 

Tipulidae 

Unldsnt ified 

TOTAL 

_ .  

( 1 4 )  

7.1 
( 2 )  

14.3 
(4) 

3.6 
(1) 

10.7 
(3) 

103.6 
(29) 

4163.8 
(1166) 

17.9 
(5)  

32.1 
(9) 
3.6 
(1) 

4845.8 
(1357) 

3.6 
(1) 

3.6 
(1) 

8538.3 
(2391) 

21.4 
(6) 

9077.5 
(2542) 

3.6 
(1) 

3.6 
(1) 

7.1 
(2) 

6002.9 
(1681) 

32.1 
(9) 

6138.5 
(1719) 

(7) 

39.3 
(11) 

3.6 
(1) 

71.4 
(20) 

8409.7 
(2355) 

10.7 
(3) 
3.6 
(1) 

21.4 
(6) 
7.1 
(2) 

35.7 
(10) 

9163.2 
(2566) 

(23) 

3.6 
(1) 

367.8 
(103) 
203.5 
(57) 
3.6 
(1) 

514.2 
(144 1 

28.6 
(8) 

17.9 
(5) 

3.6 
(1) 

6431.4 
(1801) 

3.6 
(1) 

7.1 
(2  1 

67.8 
(19) 

10.7 
( 3 )  

(43) 

3.6 
(1) 

250.0 

107.1 
(30) 

(70) 

342.8 
(96) 

3.6 
(1) 

12662.8 
(354 6) 

3.6 
(1) 

14.3 
( 4 )  

7.1 
( 2 )  

217.8 
(61) 

135.7 
(38) 

7931.2 14116.2 
(2221) (3953) 



Table 2. Density (number/square meter) of benthic macroinvertebrates collected 
from pools at four sites on Paddy's Run and two sites on Harker's Run, 
February, 1987. Numbers i n  0 are the total numbers of organisms collected. 

SITE 
TAXON 

PR1 PR3 P R5 PR11 HRl H W  

NEMATODA 

MOLLUSCA 
GASTROPODA 

Ph y s idae 

ANNELIDA 
OL I GOC HAETA 

ARTHROPODA 
CRUSTACEA 

ISOPODA 
Asel lidae 

DECAPODA 
Cambaridae 

INSECTA 
EPHEMEROPTERA 

Caenidae 

Ephemeridae 

PLECOPTERA 
Capniidae 

Perlodidae 

COLEOPTERA 
Curculionidae 

Elmidae 

15.9 
(1) 

286.5 127.3 
(18) ( 8 )  

1 2 7 . 3  
( 8 )  

15.9 
(1) 

15.9 
(1) 

47.7 31.8 
( 3 )  (2) 

15.9 15.9 
(1) (1) 

15.9 
(1) 

3 1 . 8  
(2 )  

TRICHOPTERA 
Psychomyildae 15.9 

(1) 

LEO IDOPTERA 
Lymn..idae 15.9 

(1) 
DIPTERA 

Ceratogogonidae 

15.9 
(1) 

15.9 
(1) 

Chironomidae 3374.0 24986.6 891.2 206.9 
(212) (1570) (56) (13) 

Tipu 1 idae 15.9 
(1) 

TOTAL 3835.5 25368.5 907.2 238.7 15.9 0.0 
(241) (1594) (57) (15) (1) (0) 
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Table 4 a .  Community similarity indices f o r  benthic macroinvertebrzt?s 
(excluding Chironomidae) of Paddy's Run and Harker's Run, February, 1 5 5 ; .  
Percent similarity (Whittaker 1 9 7 5 )  is above the diagonal and Morisiza's 
index (Morisita 1 9 5 9 )  is below. 

~~~ 
~~ 

Site PR1 PR3 PR5 PR11 HR1 2,s 2 

PR 1 - 6 1 . 6  4 5 . 7  4 6 . 6  2 1 . 3  2 3 .  L 

PR3 0 . 9 1 8  - 5 6 . 2  3 8 . 6  1 6 . 8  1 7 . 3  

PR5 0 . 7 8 7  0 . 8 3 7  - 1 9 . 9  1 5 . 9  2 5 . 4  

PR11 0 . 4 5 3  0 . 4 5 4  0 . 2 0 0  - 2 5 . 9  2 8 . 7  

HR1 0 . 2 0 6  0 . 1 6 6  0 . 1 9 6  0 . 1 0 6  - 6 6 . 5  

HR2 0 . 1 6 2  0 . 1 1 6  0 . 2 9 3  0 . 1 4 6  0 8 7 7  - 

Table 4 b .  Community similarity indices for benthic macroinvertebrates 
(excluding Chironomidae) of Paddy's Run and Harker's Run, February, 1 9 8 7 .  
Jaccard's Coefficient (Jaccard 1 9 0 8 )  is above the diagonal and the 
Coefficient of Similarity (Whittaker 1 9 7 5 )  is below. 

Site PR1 PR3 PR5 P R l l  HR1 HR2 

PR1 - 0 . 3 2 2  0 . 1 7 2  0 . 4 1 9  0 . 3 1 4  0 . 2 5 7  

PR3 0 . 4 8 7  0 . 2 8 5  0 . 3 7 0  0 . 3 9 2  0 . 3 7 0  

PR5 0 . 2 9 4  0 . 4 4 4  - 0 . 2 5 0  0 . 1 8 5  0 . 2 5 0  

P R l l  0 . 5 9 0  0 . 5 4 0  0 . 4 0 0  - 0 . 4 0 0  0 . 4 2 8  

HR1 0 . 4 7 8  0 . 5 6 4  0 . 3 1 2  0 . 5 7 1  - 0 . 5 0 0  

HR2 0 . 4 0 9  0 . 5 4 0  0 .400  0 .600  0 . 6 6 6  - 

4 3 8 '  
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Table 5. Benthic macroinvertebrate taxa present in Paddy's Run and Harker's 
Run, February, 1987. 

Present in Present in 
Paddy's Run Harker's Run 

NEMATODA X 

MOLLUSCA 
GASTROPODA 

Ancylidae 
Phy s idae 

P ELECYPODA 

ANNELIDA 
OL I GOCHAE TA 

ARTHROPODA 
CRUSTACEA 

ISOPODA 
Asel lidae 

L i r c e u s  f o n t i n a l u s  

DECAPODA 
Cambaridae 

Orconectes  r u s t i c u s +  

ARACHNIDA 
HYDRACARINA 

INSECTA 
EPHEMEROPTERA 

Baet idae 
Caenidae 
Ephemeridae 
Heptageniidae 
Siphlonuridae 

COLLEMBOLA 
Sminthuridae 

P LECOPTERA 
Capniidae 
Leuct ridae 
Nemouridae 
Perlodidae 
Taeniopt erygidae 

MEGALOPTERA 
Sialidae 

COLEOPTERA 
Curculionidae 
Elmidae 
Hydraenidae 
Melyridae 
Psephenidae 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 



Table 5. Continued 

Present in Present in 
Paddv's Run Harker's Run 

HYMENOPTERA 
Scelionidae 

TRICHOPTERA 
Brachycentridae 
Glossosomatidae 
Helicopsychidae 
Hydropsychidae 
Leptoceridae 
Limnephilidae 
Philopotamidae 
Polycent ropodidae 
Psychomyiidae 
Rhyacophilidae 

LEPIDOPTERA 
Lymnaeidae 

DIPTERA 
Cerat opogonidae 
Chironomidae 
Dolichipodidae 
Empididae 
Ephydridae 
Psychodidae 
Simuliidae 
Tabanidae 
Tipulidae 

X 

X 
X 

X 

X 
X 
X 

X 

X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X 

38 30 TOTAL NUMBER OF TAXA PRESENT 

*Crayfish were observed in both streams, but none were contained in the 
samples from Harker's Run. 
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Table 8 .  Genetic variability in p0pUlatiOn.S of mayflies sampled 
from four sites in Paddy's Run, May 1 9 8 7 .  

MEAN HETEROZYGOSITY 

OF ALLELES OF LOCI DIRECT- HARDY-WEINBEXG 
PER LOCUS POLYMORPHIC COUNT EXPECTED 

MEAN NO. PERCENTAGE 

POPULATION 

57-1  2 . 5  100.0 0 . 2 2  0 . 4 2  
57-3  2 . 3  7 5 . 0  0 . 1 9  0 . 3 3  
57 -5  2 . 5  100.0 0 . 2 2  0 . 4 1  

57 -11  2 . 5  7 5 . 0  0 . 1 2  0 . 3 8  



Table 9. Tests for conformation of genotypic distribution in 
mayfly samples to expected under Hardy-Weinberg equilibrium. 
Levene's (1949) correction factor for small samples has been 
utilized. 

5 7 - 1  57-3 57-5 57-11  
LOCUS 

G P I - 1  * *  * **  * *  

MDH-1 NS NS NS 

PGM-1 N S  ** **  **  

TP I * *  N S  **  

*p S 0 . 0 5 ,  **p 4 0.01, NS = not significant, blank = invariant. 
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3.90  
4 1  

Table 11. Al le le  frequencies a t  polymorphic l o c i  i n  t r ee f rog  
samples. 

POPULATION 

FMPC 
1986  

FMPC O f f s i t e  
1987 1987 

N 60 
LOCUS 

20 20  

EST-1 A 
B 
C 
D 

0 . 0 1  
0 . 7 0  
0 . 2 3  
0 . 0 6  

0 . 6 7  
0 . 3 3  

0.. 47 
0 . 3 8  
0 . 1 5  

GP I A 
B 
C 

0 . 0 7  
0 . 7 5  
0 .18  

0 . 1 1  
0 . 6 2  
0 . 2 7  

0 . 4 3  
0 . 5 7  

GDH A 
B 

0 . 0 5  
0 . 9 5  

0 . 2 5  
0 . 7 5  1 . 0 0  

ICD-1 A 
B 
C 

0 . 0 2  
0 . 9 3  
0 .05  

0 . 0 3  
0 . 9 7  * 

A 
B 
C 
D 

0 .28  
0.40 
0.15 
0 .17  

0 . 1 7  
0 . 5 6  
0.08 
0 . 1 9  

0 . 4 7  
0 . 3 6  
0 . 0 6  
0 . 1 1  

A 
B 

A 
B 
C 
D 

- 0 . 6 5  
0 . 3 5  

0 . 5 0  
0 . 5 0  

0 . 3 3  
0 . 6 7  

I 6PGD 0.24 
0 . 4 9  
0.27 

0 . 0 7  
0 .11  
0 . 5 7  
0 . 2 5  

0 . 5 8  
0 . 2 5  
0 . 1 7  

* = l o c u s  n o t  scored i n  t h a t  p o p u l a t i o n . -  
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T a b l e  1 2 .  Genetic v a r i a b i l i t y  in populations of treefrogs. 

MEAN NO. PERCENTAGE MEAN HETEROZYGOSITY 
OF ALLELES OF LOCI 
PER LOCUS POLYMORPHIC DIRECT- HARDY-WEINBERG 

COUNT EXPECTED 
POPULATION 

FMPC - 1 9 8 6  

FMPC - 1987 

O F F S I T E  - 1987 

2 . 1  

2 . 2  

1 . 9  

55 

64 

55  

0 . 2 0  

0 . 3 5  

0 . 2 6  

0 . 2 5  

0 . 3 3  

0 . 2 7  
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APPENDIX A 

CATALOG OF SPECIES OF THE FMPC 

Locations of the benthic and fish sampling sites are shown in 

Fig. 2 .  
I 

Plant nomenclature is largely that of Gleason and Cronquist 

1 (1963). The classification of terrestrial insects follows the 

terminology of Borrer and DeLong (19541, and Borrer and White 

(1970). Additional keys used were the works of Slater and 

Baranowski (1978) and Miller (1971) for hemipterans, Jaques 

(1951) for Coleoptera; Kaston (1978) was used for the 

identification of spiders. Identification of benthic 

macroinvertebrates was accomplished with the aid of taxonomic 

keys by Flowers and Hilsenhoff (19751, Hilsenhoff (1975), 

DESIGN OF THE CATALOG 

This catalog describes, in four sections (one for each 

season, with exceptions), the relative abundance of the flora 

and fauna surveyed at the FMPC, June, 1986 - June, 1987. Each 

entry is listed by scientific name, family, and often common 

name, according to traditional systematic protocol. Entries may 

be documented by representative specimens deposited in Miami 

University's Willard Sherman Turrell Herbarium or in the Robert 

I A. Hefner Museum of Zoology. Sampling of terrestrial flora and 

Wiggins (1977), Pennak (1978), Borrer et al. (1981) , and Merritt 
and Cumins (1984). Fish were identified with the aid of keys 

4so 



by P f l e i g e r  ( 1 9 7 5 1 ,  Trautman ( 1 9 8 1 )  and Auer ( 1 9 8 2 ) .  Common and 

s c i e n t i f i c  names of b i r d s  a r e  according t o  t h e  AOU Check-list  

( 1 9 8 3 1 ,  and recent supplements. Nomenclature f o r  mammals 

follows Katz ( 1 9 4 2 )  and B u r t  ( 1 9 5 7 ) .  

Each e n t r y  i s  assigned an est imate  of r e l a t i v e  abundance b y  

h a b i t a t  type .  Except f o r  the  spr ing  migrant b i rds ,  es t imates  of 

abundance a r e  derived from r e l a t i v e  frequency da ta  computed f o r  

each taxon. Spring avian abundances were est infated from f i e l d  

observat ions.  The abundance codes provide a general  overview of 

t h e  r e l a t i v e  abundance of spec ies  among h a b i t a t s  on t h e  FMPC 

s i t e  and a r e  not necessar i ly  ind ica t ive ,  of spec ies  abundances 

o f f s i t e .  These estimates should be re f ined  through r e p l i c a t e  

sampling and  may be expected t o  vary seasonal ly .  

Abbreviations of t he  h a b i t a t s  and symbols f o r  t h e  r e l a t i v e  

abundances used i n  t h e  ca t a log  a r e  as follows: Habi ta t s :  PP = 

pine p l an ta t ions ;  GP = grazed pastures;  UGP = ungrazed pas tures ;  

RFAP = reclaimed f l y  ash p i l e ;  RN = r i p a r i a n ;  W = deciduous 

woodlots; PR = Paddy's Run. Categories of abundance: A = 

abundant, very numerous; C = c o h o n ,  seen regular ly ;  0 = 

occasional ,  seen o r  co l l ec t ed  a few times; R = rare, very 

seldom seen o r  co l l ec t ed .  A dash shows t h a t  a taxon was absent ;  

blanks i n d i c a t e  t h a t  t h e  h a b i t a t  was not sampled. 

I t  i s  t h e  hope of t h e  authors  t h a t  these l is ts  w i l l  prove 

use fu l  t o  those involved i n  research and i n t e r p r e t a t i o n  of 

eco log ica l  p a t t e r n s  a t  t h e  FMPC. W e  a l s o  hope t h a t  t h e y  w i l l  

s t imu la t e  f u r t h e r  r e p l i c a t e  and seasonal base- l ine da ta  sets on 

t h e  FMPC. 
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Figure 1. Locations of t h e  permanent t r a n s e c t s  e s t a b l i s h e d  
and a i r  monitoring s t a t i o n s ( A )  a t  t h e  FMPC. UGP=ungrazed 
pasture;  GP=grazed pasture;  PP=pine p lanta t ion;  
RFAPPreclaimed fly ash p i l e ;  W=woodlot; -=riparian. 



THIS PAGE LEFT 

INTENT IONALLY BLANK 



a 9 0  
6 

0 .  6 3  km up3tream 

T o 1  
? 

& 0 11 1.45 dovmtream 

Figure 2 .  Fish sampling s i t e s  on Paddy's Run. 
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APPENDIX A. Catalogue of species. Frequency of abundance of flora and fauna at FMPC. June - September.1 1986. 
Habitats: PP = pine plantations: GP = grazed pastures; UGP = ungrazed pastures: RFAP = reclaimed fly ash piles: 
RN = riparian: W = deciduous woodlots; PR = Paddy's Run. Categories of abundance: A = abundant, very numerous: 
C = common. seen regularly: 0 = occassional. seen or cdlected a few times: R = rare, very seldom seen or collected. 
A dash shows that a taxon was absent: blanks indicate that the habitat was nat Sampled. 

HABITATS 
TAXON 

PP 8 UGP RFAP FF( W PR 

HERBACEOUS VEGETATION 

Equisetacsae 
Equisetum awense 

Common horsetail 
R 

paaceee 
Phleum parense 

fimothy-grass 
R R 

R R 

C 0 

A A 

A F 

0 0 

R Agrostis alba 
Redtop 

R 

Poa pratensis 
Kentucky bluegrass 

Red fesaregrass 

Meadow-fescue 

Fesfuca wbee 

~esruca elanor 

0 0 

C 0 

(3 C 0 

R Echlnodoe ausgalll 
Barnyard grass 

setads sp. 
Bristly foxtail 

Slerrder crabgrass 
Digitaria llllfonnis 

R 

R 

R 

0 

C 

R 

Poaarm sp. 

CY- 
carex sp. 
sedee 

commelinaceae 

Dayflower 

Jcrnars tenuis 

Cornmeha OQmmUnis 

Juncaceae 

Slender rush 
R R 

R 

R 



TAXON 
HABITATS 

PP 8 w RFAP Iw W PR 

Li li aceae 
Smilax sp. 

R Allium camdense 
Wild garlic 

Urticaceae 

Nenle 
Unica procera 

R Pilea pumila 
Clearweed 

Aristolochiaceae 
Asarum camdense 

Wild ginger 

PolygoMceae 
Polygonum hydropiperoide 

Mild water-pepper 

Polygonum persicaria 
Lady-thumb 

Pdygonum ulino& 
Climbing buckwheat 

R 

Polygonum sp. 
Smartweed 

Rumex obtusifdius 
Blunt-leaved dock 

Rumex sp. 
Dodc 

Tovara virginha 
Jumpseed 

Caryophyllaceae 
Saponarle ot/kfnalis 

S-PWtm 

Brassicaceae 
Unknomgenus 

He-a americana 
Saxifragaceae 

Rodcgeranium 

Platanaceae 
Plaranus ocw&ntalls 

American sycamore 

Roaaoeae 
Gamlatnedsnse 

Avens 

R 

R 

0 

R 

R R R 0 



TAXON 
HABlTATS 

PP 8 UB RFAP FF( W PR 

Agrimonia pam'flora 
Small flowered agrimony 

Rubus allegheniensis 
Blackberry 

Rosa multiflora 
Multiflora rose 

Leguminosae 
Trifolium repens 

White dover 

Medicago lupulina 
Black medidc 

Apios ameficana ' 
Ground-nut 

Trifollum pratense 
Red dover 

Melilotus alba 
white sweel dover 

Robmia pseudoaceda 
Black locust 

oxal- 
oxalis sp. 

Oxalis w m p a  
Wood-Sand 

vidaoeae 
Vlda sp. 

violet 

0 

R 

R 

R 

R 

R 

0 

0 

R 

R 

R 

R 

R 

R .  

R R 

R 

R 

R 

R 

R 

0 C 

R R 

0 0 

492- 



HABITATS 

PP w .  RFAP ffl W PR 
TAXON 

Umbelliferae 
Sanicula canadensis 

Eta& snakeroot 
0 

R 

R 

R 

R 

R D a m s  carora 
Wild carrot 

R 

Pastinaca sativa 
Parsnips 

Carum cawi 
Caraway 

R 

Primulaceae 
Lysimachia nummularia 

Moneywort - 
Ash 

Fraxinus sp. 

R 

0 

Asdepiadaaeae 
Asdepias sp. 

Milkweed 
0 R R R 

Convolvulaceae 
Convolvulus seprum 

Hedpbindweed 

Conwlwlus arvmsls 
Field-bindweed 

R 

R R R 

0 c m w w u s  sp. 
andweed 

R 

0 

R R 0 

Labiatae 
Prunella nilgatis 

Hd-all  
R 

R 



HABITATS 

PP 8 w RFAP ml W PR 
TAXON 

Gledwmhederaoaa 
Ground-ivy 

0 R 0 0 

sdarraceae 
Physalis heterophylla 

Ground deny 

Sohnum carolinens8 
Horsenettle 

R 

R R 

R 

R R 

R Datura stramonium 
Jimsonweed 

Scrophulariaceae 
Verbasarm hlatieria 

Moth-mullein 
R 

R 
8ignoniaoeae 

Campsis radians 
Trumpet-flower 

0 

Pbntagimoeae 
Planfago major 

Common plantain 
R 

R 

R 

0 C piantago lanceoma 
English plantain 

Rubiaaae 
Gdium apa?im 

cleavers 
R 

0 
Capritdlaceae 

Lon- sp. 
Honeysudde 

Lonioere ieponia, 

R 

R 

R 

R 

R 

Japan&# honeysudde 

R R 

0 0 0 A 
compodtae 

Vernonia alllssima 
Ironweed 

0 

R R 

4 9 9  



TAXON 
HABITATS 

PP CP w RFAP FFJ W PR 

Eupatorium sp. 
Thoroughwort 

Aster sp. 
Aster 

Solidago sp. 
Goldenrod 

Erigeron annuus 
Daisy fleabone 

Helianthus tuberosus 
Sunflower 

Acrinomeris alkynifolia 

Bidms vulgafa 
Beggar-ti& 

Silphium nlfoliarum 
Rosinweed 

A&illea millefolium 
Yarrow 

Cirsium m s e  
Canada thistle 

Cirsium sp. 
Thistle 

Cirsium altissimum 
Tall thistle 

Arcbum sp. 
Bwdodc 

Amkosia sp. 

Ambrosie biMa 
Giant ragweed 

Xanthium edhatum 
Codclekrr 

Ragweed 

R 

C 

0 

0 

0 

0 

R 

R 

R 

R 

I 
R 



TAXON 
HABITATS 

PP 8 UGP RFAP FIN W PR 

WOODY VEGEiAllON 

Pinawe 
Pinus strobus 

Eastern pine 

Pinus nigra 
Austrian pine 

Pima excels 
Norway spruce 

CUpmSSXSGS 
JUnipeNS virginiana 

Eastern red cedar 

Liliaceae 
Smilax glauca 

Sawbrier 

Salicaceae 
Salix nigra 

Black willow 

Popukrs deltoides 
Eastem commwxd 

Jushndaceee 
Juglans nigra 

Black walnut 

Carya ladnbsa 
Shdlbark h- 

Carya ova& 
Shagbark W r y  

CatyaoordHonnis . 
Bitternut hickory 

C a w  
Modcemut hidwy 

Quetcus rnuetdenbergii 
Chinquapin oak 

A 

R 

0 

R 

C R 

C 0 

C 

R 

R R 

R 

0 

A 

0 

R 0 

4 96 
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3 

HABITATS 

PP 8 UB RFAP FPJ W PR TAXON 

Querws bicolcv 
Swamp white oak 

R 

uimaaae 
Ulmus amenanus 

American elm 

Ulmus rubra 
Slippery elm 

Celris occidmralls 
Hackberry 

C A A 

C 0 

C C 

Moraaae 
Madura pomifera 
mgeocanee 

PlatanaCeae 
Platanus ocddentalis 

~merican sycamore 
0 

FLraaaravl 
Pninus semina 

Black cherry 

0 

crataegus sp. 
Hawthorn SP. 

C Rosa m M o m  
Muttlflora rose 

R Rosa setigera 
Prairie rose 

R 

C R 

R 

R 

R 

R 

R Rubinia pseudoacade 
Black karst 

R- 
Oiccamnus albus 

Burning bush 
R 0 



9 

TAXON 
HABITATS 

PP 8 UGP RFAP FFI W PR 

Anacardiaceae 
Rhus radians 

Poison ivy 

AmraCaa 
Aoer saccharum 

Sugar maple 

Red maole 
Aoer N b N m  

Acer saccharinurn 
Silver maple 

Acer nigrum 
Black maple 

.. 
Aesadus g l a h  

Ohio buckeye 

Pathenodscrus quinquddia 
Virginia creeper 

A A 0 

R . 0  

R 

R R 

R 

0 A C 

0 C 

C C 

0 R 

R C 

R 

R C 

c 0 

0 C 



TAXON 
HABITATS 

PP 8 UB RFW I34 W PR 

FISH 

Calastomidae 
Catastomus commwsoni 

White sucker 

Cyprinidae 
Semotilus amaculalus 

Creek chub 

Encymba bucwta 
Silverjaw minnow 

Camposrome anomalum 
Stoneroller minnow 

Pimephales notatus 
Bluntnose minnow 

Nonopis ardens 
Rosefin shiner 

Norrqpis c t n y ~ a l u s  
Striped shiner 

Noaopis spiloprerus 
spotfin shiner 

Notropis Whippld 
stoelcdor shiner 

Rhinichthys abgtulus 
Bladrnoae dacm 

Perddae 
Etheostcvm n i w  

Johnny darter 

Elheostamospectabiye 

E t h e o s r a m a t l a m  

olangethroatdaropr 

Fantail 

0 

A 

0 

A 

A 

0 

R 

R 

R 

R 

C 

C 

C 

AMPHIBIANS 

NOTE: Tho following catalogue of amphibians and reptiles Is based upon iddental dghtlngs only and is not definitive. 
Further study Is planned for Summer, 1687. (X marks premab only: = keeds in warts pit area) 

Ranidae 
Rma aNwbeEm 

Bull frog 

X X X 

X 



HABITATS 

PP 8 w RFAP FN W PA 
TAXON 

Rana ciamitans 
Green frog 

X 

H ylidae 
Hy/a crucifer' 

Spcing peeper 

Am's crepirans 
Northern cricket frog 

X 

REPTILES 

SQWMATA 
Colubridae 

Regina septmvittata 
Queensnake 

X 

X Nerodia si- 
Northern watersnake 

Thamnophis butteti 
Butler's garter SMke 

X 

€1- &&a 
Back rat snake 

X 

X X 

I BIRDS 

CKxlNIF#IMEs 

Great blue heron 

Butorfdes Warus 
Green-backed heron 

R 

0 

R 

R 

F U X M U R M S  
CathaMae 

Catharm aum 
Turkey vulture 

Accipitridae 
clrars cyaneus 

N-em harder 

R R R R 

R 



12 1 

HABITATS 

PP 8 w RFAP Fp( W PR 
TAXON 

Accipiter moperii 
Cooper's hawk 

R R R 

Buteo jamaicensis 
Red-tailed hawk 

R 0 0 R R R 

Falamidae 
Falw sparverius 

American kestrel 
R R 0 R R R 

GALLIFORMES 
Phasianidae 

Colinus virginianus 
Northern bobwhite 

R 0 R R R R 

CHPRADR-ES 
C haradri idae 

Killdeer 
Charadrius vocifenrs R 0 R R 0 

Sxbpaadae 
Tringa solitaria 

Solitary sandpiper 
' R  

0 Actitus mawlaria 
spotted sandpiper 

Scobpax minor 
American woodctxk 

R 

COLUMBI-ES 
Cdumbidae 

Columba lvia 
Rock dove 

R 

A C zmaida maQoure 
Mourning dove 

C C C C 

cucuFoRMES 
Cuculldae 

coocy2us wythmpthalms 
Black-billed cuckoo 

R 

0 

R R 

C C 

R 

C C o c c y t u s ~  
Yellow-billed cudzoo 

sTRK;FoFuI1Es 
Strigidae 

Orus asb 
Eastern screechowl 

'R 

0 R R Bubo viginianus 
Great homed owl 



2 4 0  
13 

TAXON 
HABITATS 

PP 8 w RFAP ml W PR 

ApcolFoFlMES 
APOQ- 

Chaetura pelagic 
Chimney swiff 

Trochilidae 
Archiiochus colubris 

Ruby-throated hummingbird 

CoRpIcFCfWES 
Alcedinidae 

Cefyie alcyon 
Belted kingfisher 

PICIFCXMES 
Piddae 

Meianerpes erythrocephalus 
Redheaded woodpecker 

Melanerpes cardinus 
Red-bellied woodpecker 

Piooides pubesaans 
Downywoodpedcer 

Hairy woodpecker 
Piaides Villosus 

Colaptes auratus 
Northern flicker 

Dryooopus pileatus 
Pileated woodpedcer 

PASSERIFCWES 
Tyrannidae 

Fluvlcollnae 
Contopus bfms 

Eastern wood-pewee 

Tyranninae 
Mylerctus crinitus 

Great crmmd flycatcher 

Tyrannuo tyrennus 
Eastem kingbird 

0 R R R C C 

0 R R 

R 

R R 

R 

R 

0 0 

C . -  

C R 

R 

R C C 

C 

R 

R C C 

C C C 

R 0 0 

C C C 

R R R 

C C C 

R 

R 

0 C R 

0 0 

0 R 



HABITATS 

PP 8 w RFAP mJ W PR 
TAXON 

Hirundinidae 
Pmgne subis 

Purple martin 
R R 

C R 

A 

R 

A 

Srelgidopreryx senipennis R 
Northern rough-winged swallow 

0 Hirundo rustica 
Barn swailow 

C 

Corridae 
Cyanocina aisrara 

Blue jay 
R 0 R 

R 

0 

R 

C 

R Corvus brachyhynchos R 
American aow 

C R 

Paridae 
Parus carollnmsus 

Carolina chickadee 
R 0 C 

C 

C 

C Parus bialor 
Tufted titmouse 

R 

Sittidae 
Sine carollnensis 

Whiie-breasted nuthatch 
C C 

Troglodytldae 
Thryulhonrs ludovidenus 

Carolina wren 
0 

C 

C 

C Troglodytes aedbn 
House wren 

R R 

Turdinae 
Sialla sielis 

Eastem bluebird 
R R R 

0 

C A Turdus migratorius 
American robin 

A C C 

Mimidae 
Dumetella carolinensis 

Gray catbird 
C C 

R 

C 



HABITATS 

PP 8 w RFAP F N  W PA 
TAXON 

Toxosroma mfum 
Brown thrasher 

Bombycillidae 
Bombycilla oedrwum 

Cedar waxwing 

Sturnidae 
Sturnus vulgaris 

European starling 

Vireonidae 
vireo griseus 

White-eyed vireo 

Vireo gilvus 
Warbling vireo 

vireo philadelphiars 
Philadelphia vireo 

V i m  olivasaeus 
R e d q e d  vireo 

Emberizidae 
Parulinae 

Vemivora peregrina 
Tennessee warbler 

Dendroica pemcbia 
Yellow warbler 

Mniofira vatfa 
Black-and-white warbler 

Selutus moradlla 
Lousiana watmhrush 

GeottdVP/s trichas 
Common yellowthroat 

Yellow-breartsd chat 
lU& vlnms 

Thraupinae 
Piranga Mbro 

Piranga olivacaa 

Summertanager 

Scarlet tanager 

Cardnails cardinalis 
Cardinallnae 

NoRhm a d i M i  

PheUarws IudDVidanus 
Rose-breasted grosbeak 

R R C 

C 0 0 R 

R C C C 

0 

C 

A 

R R C 

R R A 

R 

C R 

R 

R R 

R 

R R 

R 

R 

C C 

0 

R R 

R 0 

A A 

R 



TAXON 
HABITATS 

PP 6 w RFAP ffl W PR 

Passerina cyan- 
Indigo bunting 

Emberirinae 
Pipilo eyrthropthalmus 

Rufous-sided towhee 

Spizella passeria 
Chipping sparrow 

Spizeiia pusilia 

Passerwlus sandwichensis 

Field spanow 

Savannah sparrow 

Ammodramus savannamm 
Grasshopper sparrow 

Melospiza m i d a  
song spanow 

lcterinae 
Ageleius phoenianrs 

Red-winged blackbird 

Sturnella magm 
Eastern meadowlark 

oulscalus quisda 
Common grade 

Mdofhtus ater 
Brownheaded oowbird 

Fringillldae 
Carduelh ubt/8 

-gddllnch 

PasnerIdm 
Pasaw &nmfias 

House sparrow 

~ 

C R C C C 

A 0 

' R  

0 

A 

R 

C 

C 

R 

R 

C 

C 

R 

A 

C 

C 

C 

C 

R 

C 

C 

C 

C 

C 

C 

C 

R 

C 

C 

R 

A 

0 

C 

R 

0 

C 



TAXON 
HABITATS 

PP 8 w RFAP FN W PR 

SMALL MAMMALS 

INSECTIMRA 
Soricidae 
Sorianae 

Blanna brevicauda 
ShoR-tailed shrew 

RCOENTM 
Sciuridae 
Sciurinae 

Tamias striarus 
Eastern chipmunk 

Cricetidae 
Critinae 

Peromysws manicularus 
Deer mouse 

Microtinae 
Microtus pennsylvaniws 

Meadow vde 

a=jid= 
apodi- 

Zapus hudsoniam 
Meadowjumping mouse 

GAME ANIMALS 

odocoileus viqnianus 
White-tailed deer  

Colinus virgfnianus 
Bobwhite quail 

Fox squirrel 
Saunrs niger 

SyMagus floridanus 
Cattontail rabbit 

C 

0 

A 0 . c  

R R 

0 

C C 

0 C 

A A 

R R 

C A 

R 

A A 

0 0 

0 0 

C C 
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APPENDIX A. Catalogue of species. Frequency of abundance of flora and fauna at FMPC. Octok-oeoember. 1986. 
Habitats: PP a pine plantations: GP = grazed pastures: UGP = ungrazed pastures; RFAP = redaimed fly ash piles: 
RN = riparian: W = deciduous WOodlotS: PR = Paddy's Run. Categories of abundance: A = abundant. very 
numerous: C = common. seen regularly: 0 = CCcaSSiOnal. seen 01 collected a few times; R = rare, very seldom smn 
or collected. A dash shows that a taxon was absent: blanks indicate that the habitat was not sampled. 

HABITATS 

PP c9 w RFAP RN W PR 
TAXON 

INSECTS 
Collembola 

Entomobryldae 
Poduridae 
Sminthuridae - 

Coenagrionidae 
Libeilulidae 

Onhoptera 
Acrididae 
Gryllidae 
Mantidae 
Phasmidae 
Tetrididae 
Tettigonidae 

Psocoptera 

Thy sanoptera 

Hemiptera 
Anthocoridae 
Aradidae 
eerytidae 

Coreidae 
Corimelaenidae 
L w -  
Mlrldae 

Nabidae 
Pematomidae 
Phymatidae 
ReduviiQe 
R m a J j h  
sa##ae 
samelerwao 
Tingididae 

Hornoptera 
Acanaloniidae 
Actf opheridae 
Aleyrodidae 
Aphldidae 
cercopidae 
Cicadellidae 
cicaadae 
Cixiidae 
cocddae 

C 
R 
0 

C 
C 

C 

0 

R 

0 

0 
R 
0 
R 
R 

R 

C 
R 

0 
C 
A 

R 

C 

C 

A 
C 

C 

C 

R 

0 

R 
0 
C 
R 
0 

0 
R 

0 
0 
A 

A 

0 

A 
0 

C 

C 

0 

R 

R 
0 
C 
R 
R 
R 

0 
0 
A 

0 

R 

C 
0 
0 
0 

0 

C 

C 

0 
R 

0 

0 

0 

0 

C 

C 
0 
A 

R 
R 

0 
C 
R 

R 
C 

0 

0 

0 

R 
R 
R 
0 
0 
0 
R 
0 

R 

C 

0 

0 
C 
C 
A 
R 
0 

0 

0 

C 
C 
R 
R 

C 

R 

0 

0 

0 
0 
R 
0 

C 

R 
0 

C 

0 
C 
A 



HABITATS 

PP 8 w RFAP RN W PR 
TAXON 

Delphaadae 
Dictyophan'dae 
Flatidae 
Fulgoridae 
lssidae 
Membracidae 
Ps ylliidae 

0 0 
0 0 '  

R 

R R 

0 
0 

C 0 C 

R 
0 0 0 

0 

Neuroptera 
Chrysopidae 
Hemerobiidae 

0 
R 

Coleoptera 
Anthribidae 
Cerambyadae 
Chrysomelidae 
Cidndelldae 
Coccinellidae 
Cucujidae 
Curculionidae 
Elateridae 
Histeridae 
Lampyridae 
Lycidae 
Meloidae 
Mordellldae 
Nitldulldae 

Scarabaeidae 
Staph yllnidae 

R 

A 

R 
R 
0 

R 

R 
0 

0 
0 

R 

C 
R 
0 

R 
C 

R 
C C 

0 

C 0 

0 
R 

C 
R 

0 

R 

0. 
R 
R 
R 

R 

R 

R 
0 
0 

0 
R 
0 
0 

Strepsiptera R 

Mecoptera 
Panorpidae 0 0 

Lepidoptera 
ctenuchidae 
Danaidae 
Lycaenidae 
Nuauidae 
Nymphalidae 
Pieridae 

R 
R 

R 

R 
R 
R 
0 

R 

R 
R 

R 
R 

Diptera 
AsromYzi- 
m y z i d o e  
Adlidae 
Calliphoridae 

Ceddomyiidae 
Chamemyiidae 
Chironomidae 
Chloropidae 
Cullddae 
Curtonotidae 
Ddkhopodiiae 
Drosophilidae 
Empididae 

R 
R 
R 
R 
0 

C 
R 

R 
0 
R 

R 
0 
0 
0 

0 

R 
0 

R R 

0 
R 

0 
0 
0 

A C 
R 
R 
R 
0 

C C 
0 

C 
C 



TAXON 
HABITATS 

PP 8 w RFAP RN W PA 

E phydridae 
Heleomyzrdae 
Lauxaniidae 
Lonchopteridae 
Micropezidae 
Muscidae 
Mycetophilidae 
Otitidae 
Phoridae 
Piophilidae 
Pipunarlidae 
Platystomatidae 
Psychodidae 
Rhagionidae 
Sarcophagidae 
Sciaridae 
Sdomyzidae 
sepsldae 
Stratiomyidae 
Syrphidae 
Tabanidae 
Tachinidae 
Tephritidae 
Therevidae 
Tipulidae 

Hymenoptera 
Api- 
Bethylidae 
Braconidae 
C e P h b  
Chalddoidea 
Colleaidae 
Cynipidae 
Diapriidae 
Diprionidae 
Fonniadae 
Haliaidae 
lchneumonidae 
Megachilidae 
Platygasteridaa 
Pompilidao 
p - m  

sceaonidao 
Siriddae 

spheddae 
Temhredlnidae 
Vespidae 

Llrvr .  
Coleoptera 
Lepidoptera 
Trichoptera 

R 

0 

0 

0 
0 
0 
R 

0 
R 
0 
0 
R 

0 
R 
C 
R 
0 
0 
R 

C 
0 

0 

R 

<C 

R 
R 
0 

C 
0 

R 
R 
C 
0 

0 

0 
R 

R 
C 

R 
R 
C 
0 
R 
0 
0 

R 

0 

C 

0 

C 
0 
R 

0 

0 

R 

R 

R 

R 

0 

R 

R 

R 
0 
C 
0 
0 
R 
R 

R 
C 
0 

R 
R 
0 

C 
R 
0 

C 

R 

0 

R 

0 
0 

0 

0 

0 

R 

R 

0 

R 

0 

C 

C 
0 

0 

R 

R 

0 

0 

0 
0 
R 
0 
0 
R 

R 
0 
R 
0 
0 
R 

0 

R 

R 

0 
R 
C 

C 

0 
R 

C 
0 
0 
R 
0 
R 

R 

0 

C 

R 

0 

0 
0 

0 
0 
0 
0 

0 

0 

0 
R 
0 
0 

0 

R 

C 

C 

0 

C 
C 
0 

0 

R 
0 
R 
0 

0 

./- 

r 



TAXON 
HABITATS 

PP cp w RFAP RN W PR 

Non-inrocts 
Acarina 

kaneida 

Phalangida 

Mollusca 
h- 

0 0 C R 0 0 

A C C A A A 

R ' R  

C 0 
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APPENDIX A. Catalogue of speaes. Frequency of abundance of benthic macroinvertebrates at FMPC. February, 1987. 
Habitats: PP = pine plantations: GP = grazed pastures; UGP = ungrazed pastures: RFAP = redaimed fly ash piles: 
RN = riparian; W = deciduous woodlots: PR = Paddys Run. Categories of abundance: A = abundant, very 
numerous: C = Q)mmOn. seen regularly; 0 = occassional. wen or collected a few times; R = rare, very seldom seen 
or colleaed. A dash shows that a taxon was absent: blanks indicate that the habitat was not sampled. 

I 
CoLEoPFERA 

Curcullonldae 
Elmidae 
H ydraenldae 

Psephmidae 
Mdyridae 

TAXON 
PP 6 UB RFAP FF( W PR 

BENTHIC 
MACROINVERTEBRATES 

NEMATOOA 0' 

MOLLUSCA 
GpsrweoaA 

Ancylidae 
Physidae 

ANNEUDA 
OUOO(WAETA 

DEcA#)IIA 
Cambafidae 

ARACHNIDA 
WYORACARINA 

INSECTA 
EPHEMEROPTERA 

Baddae 
Caenidae 
Epheddae 
Heptageniidae 
Siphlonuridae 

PLEcoeTERA 
capn- 
Leueaidw 
Nerocaidae 
PdOdidSe 
Taeniopterygidae 

C' 
R 

A 

C 

C" 

R 

R 
C 
R 
0 
R 

R 

R 
C 
R 
R 
C' 



TAXON 
HABITATS 

PP aD w RFAP FFJ W PA 

HYMENOPTERA 
Scelionidae 

TRICHOPTERA 
Helicopsychidae 
H ydropsychidae 
Limnephilidae 
Polycentropodidae 
Psychomyiidae 
Rhyacophilidae 

LEPIDOPTERA 
Ly mnaeidae 

DIPTERA 
Cerampogonidae 
Chironomidae 
Empididae 
Ephydridae 
Simuliidae 

Tabanidae 
Tipulidae 

R 

R 
C 
R 
0 
C' 

R 

R 

R 
A 
R 
R 
C 
0' 
C 

'Present only at PA1 and PR11. 
"Crayfish were seen at all sites, but were found only in this sample. 
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APPENDIX A. Catalogue of sped-. Frequency of abundance of flora and fauna at FMPC, AprilJune. 1987. 
Habitats: PP = pine plantations; GP = grazed pastures: UGP = ungrared pastures: RFAP = redaimed fly ash piles: 
RN = riparian: W = deciduous woodlots; PR = Paddy’s Run. Categories of abundance: A = abundant. very 
numerous: C = common. seen regularly: 0 = occassional. seen or collected a few times: R = rare, very seldom seen 
or collected. A dash shows that a taxon was absent; blanks indicate that the habitat was not sampled. 

TAXON 
HABITATS 

PP 8 up RFAP RN W PR 

SPRING FLORA 

Equisetaceae 
Equisetum arvense 

Common horsetail 

.Pinaceae 
Pinus nigra 

Austrian pine 

Pinus srrokrs 
white pine 

POaDeae 
Bromus uliahrs 

Fringed brome 

Bromus inennis 
Smoorn home 

h u s  commutafus 
Hairy brome 

Bromus sp. 
h m e  

Festuca rubra 
Redfesas 

Fesluca daffor 
Meadow fescue 

Festm~obluso 

Fesh#, sp. 
FescUe 

Poa annu3 

Nodding bame 

Annual bluegrass 

Poa OompllBSsa 
Canada bluegrass 

Poa pratensis 
Kentucky bluegrass 

Poa sp. 
BluegraSS 

R 

c 

R 

R 

0 

C 

5 2 Q  



TAXON 
HABITATS 

PP 8 w RFAP RN W PR 

Da ctylis glomera ta 
Orchard grass 

Agropyron sp. 
Wheatgrass 

Eiymus virginicus 
Virginia wild-rye 

Eiymus villosus 
Hairy wild-rye 

Hystrix patula 
Bottlebrush 

Digitaria sp. 
Crabgrass 

Unknown grasses 

cyperaceae 
Carex wnjuncra 

Camx swpatfa 
Broomsedge 

Carex amphibda 
Narrowleaf sedge 

Camx biantja 
woodlard sedg3 - Sp. 

sedee 
Liliaceae 

Allium canedense 
wild onion 

Hemerocall8 lulva 
Day lily 

Tdlllum sessile 
Sessile trillium 

Smilax sp. 
Grtienbrier 

Sal iCam 
salix sp. 

willow 

R 

R 

R 

0 

R 

R 

R 

R 

R 

R 

R 

0 

0 

R 

R 

R 

R 



Rumex sp. 
Dock 

I 

HABITATS 
TAXON 

PP 8 uc9 RFAP FN W PR 

Betulacaae 

Birch 
Betula sp. R 

Uknaceae 
Ulmus rubra 

Slippery elm 
R 

R R 

R 

Ulmus americana 
American elm 

Celtis oro'dentalis 
Hadcberry 

Urticaceae 

Nettle 
Urljca dioica' R 

R R Boehmeria cylindrica 
False nettle 

Aristolochiacaae 
Asanrncanadense 

Wild ginger 
R R 

PoiVsonaceae 
Rumex crispus 

Curly dock 
R 

R - 
Chenopodiwn album 

Lamb's quarters 
R 

Poftutacacaae 
Craytonia virginice 

Spring beauty 
R 

R R R c 

R 

Saponaria offlandis 
Bounang bet 

Ranunarbceae 
Ranunculus arboniws 

Kidneyleaf buttercup 

Ranunculus sp. 
Buttercup 

R 

R 

R 

0 R R R 

5- 2 2 



HABITATS 
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TAXON 

Berberidaceae 

May apple 
Podophyllum peltaturn 

Papaveracaae 
Sanguinaria- Canadensis 

Bloodroot 

Fumariaceae 
Corydalis fla wla 

Golden corydalis 

Brassicaceae 
Draba vema 

Whitlow-grass 

Thlaspi sp. 
Pennyaess 

Capsella bursa-pastm's 
Shepard's purse 

Allaria offiunalis 
Garlic mustard 

Barbam wlgaris 
Winter cress 

Denraria laciniate 
cut-leaved toothwort 

Arabis laengata 
smooth rod< 4988 

Arabis sp. 

Platanacsae 

Rodc rn 

Platanus d d m t a l l s  
American sycamore - 

POtenlflle -Si8 
Dwarf dnqJdoil 

Potentilla m x  

Geum m u m  

Common dnquefoil 

Spring avens - sp. 
Avens 

Rubus ocddentalls 
Bladc raspberry 

R R 

R R 

R R 

R R 

R 

C 0 

R R 

R R 

R 

R 

R R 

R R 

R R R 

R 

R 

0 

R 0 

R R 



TAXON 
HABITATS 

PP 8 Llcp RFAP RN W PA 

Rubus sp. 

Rosa multiflora 
Multiflowered rose 

Prunus homlana 
Goose plum 

Prunus serotina 
Wild cherry 

Prunus sp. 
Cherry 

Leg urninosae 
Trifolium pratense 

Red dwer 

Trifolium repens 
White dover 

Melilohrs o ffianalis 
Yellow sweet dover 

Rohink pseudsaceaa 
Black locust 

o x a l i i  
Oxalis stricta' 

Yellow Wood-SoKel 

Oxalis sp. 
wood SOKd 

0 

R 

R 

R 

R 

R 

R 

O 

R 

R 

0 

R 

R 0 

R 

R R 

0 

R 

R 

R 

R 

R R 

R 

0 0 

R 

R 

R 

R 



TAXON 
HABITATS 

1 PP 8 u;p RFAP RN W 

doer negundo 
Box elder 

Hippocastanacsae 
Aearlus glafwa 

Ohio buckeye 

Balsaminaceae 
Impatiens sp. 

TOIJC~-IIW-~W~ 

Vitaceae 
Parthenocissus quinquefdiz 

Virginia creeper 

Ktis sp. 
Gram 

Virus riparia 
Riverbank grape 

V i a a e  
Viola sp. 

VWet 

Umbelliferae 
Saniccdo sp. 

Back snakwoot 

Chaerophyllum pmwmbenc 
Wild chervil 

OsmOmiza daytani 
sweet dCely 

Conium maailam 
Poison hemlock 

Pastinace sativa 
WiM pannip 

D a m  cprobl 
Wild Qcrot 

comus sp. 
ooswood 

P rimulaceae 
lysimachie numularia 

Moneywort 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

I 
R 

R R 

6 
/'k 
Y 



HABITATS 

PP 8 w RFAP RN W PR 
TAXON 

Lysimachia sp. 
Loosestrife 

R 

Epilotnum sp. 
Willow-herb 

R 

R Oenorhera biennis 
Common evening-primrose 

OleeDBae 
Fraxinus amencam R 

White ash 
R 

R 

Asdepiadaceae 
Asdepias spaca 

Common milkweed 
R 

R 

R 

R R Asdepias sp. 
Milkweed 

Convolvuhceae 
Convdwlus sp. 

8indWeed 
C R 

PdemoniaCeae 
Phlox divaricate 

Blue phlox 
R 

0 
H ydroph yllaceae 

Phamlia pmhii 
Miami mist 

0 

hginacaae 
Mertensie virginia 

Virginica mertensia 
R 

R A 

R 0 

R R 

R 

R 

Lamiurn puryur~vm R 
Purple daadimte 

Lamium amplexfcaule 
Henbit 

Unknown mint R 

Scrophulariaceae 
veronice sp. 

Speedwell 
R 



TAXON 
HABITATS 

PP 8 mJ RFAP RN W PR 

Veronica peregrina 
Purslane speedwell 

Bignoniaceae 
Campsis radicans 

Trumpet creeper 

Plantaginaceae 
Plantago major 

Common plantain 

Plantago lanceolata 
English plantain 

Plantago sp. 
Plantain 

RuMaarae 
Galium aparine 

Cleavers 

Galium sp. 
Bedslraw 

Caprifoliaceae 
Lonicara japonica 

Lonicera sp. 

Japanese honeysudde 

Honeysuckle 

Common elderbeny 
samhcus cenadmsis 

Valerhnaceae 
Valerienella sp. 
Corn salad 

Valerii?nella intmeoYa 

ccw=-@ 
v m i a  atumhn 

IrOnWeed 

Eupetorhrm rp 

Aster sp. 
Aster 

mugm 

soudagosp~ 
Gddentod 

Erigwon sp. 
Fleabane 

R 

R 

O 

R 

R 

R 

R 

0 

R 

R 

R 

R 

R 

R 

R 

R 

C R 

R R 

R 

R R 

R 

R 

R 

R 

R 

R 

0 C 



TAXON 
HABITATS 

PP 8 W RFAP RN W PA 

Ambrosia sp. 
Ragweed 

Polymnia sp. 
Leafcup 

R 

R 

Verbesina altemifolia R 
Crown-beard 

Bidens wlgara 
Beggar-ticks 

R 

Achillea millefolium R R R R 0 
Yarrow . 

seneao sp. 
Ragwort 

Cirsium sp. 
Thistle 

R R 

R R R 

Taraxawm offidnele R R R R R 
commondandelion 

Lama blmnis 
Blue leltuo3 

R 

UnknownCompositae R 

'Species identification has been changed from those previously reported (Osbome et al. 1987a): Urtica dioica from 
U. procera, Oxalis sui& from 0. europaea. 

BENTHIC MACROINVERTEBRATES - 0 

MoLulscA - 
Ancylidae 
Physidae 

ANNEUOA 
-A 

Tubi- 
Enchyaa.#r. 

OECAmoA 
Cambarldae 

ARACHNIDA 
HYDRACARINA 

0 
R 

R 
A 

0 

R 

R 
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TAXON 
HABITATS 

PP 8 UB RFAP RN W PA 

INSECTA 
EPHEMEROPTERA 

Caenidae 
Heptageniidae 
Eaetidae 
Ephemeridae 
Siphlonuridae 

PLECOPTERA 
Capniidae 
Nemouridae 
Perlodidae 
Leucaidae 
Taeniopterygidae 

mxcmEFu 
Psephenidae 
Elmidae 
H ydraenidae 

m i c m  
Hydropsychidae 
Helioopsychidae 
Psychomy iidae 
Umnephilidae 
Polycentropodldae 

LEPIDOPTERA 
Lymnaeidae 

DIPTERA 
Chironomidae 
Simullidae 
Tipulldae 

Tabanidae 
Empidklaa 
c-- 
E P h y d W  
Unidentified 

FISH (MarchlJuno) 

Cyprinidae 
Smotilus elromoarlelus 

creek dlrrb 

~ d c p t w t n u x a t a  
Silvejaw minnow 

C a m p o ~ a n a m a l u m  
Stonerdler minnow 

Pimepheles notarus 
Bluntnose minnow 

Phenacobius mirabilis 
Suckemuth minnow 

C 
R 
R 
R 
R 

A 
R 
R 
R 
R 

C 
0 
R 

C 
R 
C 
R 
0 

R 

A 
R 
C 
0 
R 
R 
R 

wc 

RIC 

AIA 

AIA 

R I -  



TAXON 
HABITATS 

PP 8 W RFAP RN W PR 

NoPopis ardens 
Rosefin shiner 

Nohopis chrysocephalus 
Striped shiner 

Notfopis spiloptenrs 
Spotfin shiner 

Nonopis stramineus 
Sand shiner 

Notfopis alherinoides 
Emerald shiner 

Rhinichthys atratulus 
Badvlose dace 

Phoxinus erythrogaster 
Redbelly dace 

Catastanidae 
catastomus oommenoni 

white sudw 

Centrarchidae 
Lepomis Oomplex 

Sunfish 

Micropterns saltnoides 
Largemouthbass 

Perddae 
Ertreostome nigrum 

Johnny dam 

CIC 

OIR 

A/o 

RIR 

RIR 

CIO 

RIR 

R I  R 

RIR 

- 1 R  

CIA 

AIA 

CIC 

RIR  

5-30 



HABITATS 
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TAXON 

SPRING MIGRANT BIRDS 

CHARADRIIFORMES 
SoDiopaadae 

Tringa solitaria 
Solitary sandpiper 

0 

PASSERIFORMES 
Vireonidae 

vireo solitanus 
Solitary vireo 

Emberiridae 
Vermivora pinus 

Blue-winged warbler 

R 

0 Verrnivora peregrina 
Tennessee wader 

0 Dendroica awmata 
Yellow-rumped warbler 

Dendroice virens 
Black-throated green wader 

Setwhaga turialla 
American redstart 

Den&oica striata 
Bladcpdl warbler 

R 

Oparomis philadelphia 
Mourning warbler 

R 

Pheuctiars lu&vidams 
Rose-breasted grosbeak 

hbspitegeorgrhp 
swampspanow 

ENDANGERED SPECIES 

R 0 

R 

FAux3NFCRMES 
Acdpitrldae 

Accipiter cooperl 
Coopef s hawk 

0 
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APPENDIX B 

INCIDENTAL SIGHTINGS OF SPECIES OF THE 
FEED MATERIALS PRODUCTION CENTER 

T h i s  l i s t  supplements  Appendix A and i t s  addenda:  The 

C a t a l o g u e  of S p e c i e s  of t h e  FMPC, and  i n c l u d e s  i n c i d e n t a l  
o b s e r v a t i o n s  of species n o t  recorded by c e n s u s i n g ,  t r a p p i n g ,  
c o l l e c t i n g  o r  o ther  s t a n d a r d i z e d  a q u a t i c  o r  t e r r e s t r i a l  
s u r v e y  t e c h n i q u e s  used  t o  q u a n t i f y  f l o r a l  and  f a u n a l  
p o p u l a t i o n s  of t h e  FMPC from June ,  1986 t h r o u g h  June ,  1 9 8 7 .  

The l i s t  i n c l u d e s  species recorded by t h e  M i a m i  U n i v e r s i t y  
Research Team o r  WMCO p e r s o n n e l  e i t he r  from direct  

o b s e r v a t i o n  of i n d i v i d u a l s  o r  from i n d i r e c t  o b s e r v a t i o n s  of 

tracks o r  scat .  Because t he  l i s t  i n c l u d e s  some o rgan i sms  
from t h e  Waste S t o r a g e  and  P r o d u c t i o n  Areas it r e p r e s e n t s  
a d d i t i o n a l  species u t i l i z i n g  t h e  e n v i r o n s  of t h e  FMPC. 

TAXON COMMON NAME 
BUTTERFLIES 

European cabbage 

Hybrid C .  Sulfur+Alfalfa 

Hackberry butterfly 

E .  Tiger swallowtail 

Pearl crescent 

E .  Black swallowtail 

Common sooty wing 

Tawny edged 'skipper 

Tawny emperor 

Great spangled f r i t i l l a r y  

Question mark 

Meadow f r i t i l l a r y  

SCIENTIFIC NAME 



Monarch 

Red-spotted purple 

Buckeye 

Wood nymph 

Eastern tailed blue 

MISC. INSECTS 

AND SPIDERS 

Milkweed longhorn 

Differential grassh K 

Short-lanced meadow katydid 

17 year periodical cicada 

Black-winged damselfly 

Dogday cicada 

Grape leaf skeletonizer 

Robberf ly 

Black and yellow mud dauber 

Black and yellow argiope 

Wo 1 f spider 

Spiny-bellied orb weaver 

AMPHIBIANS AND 

REPTILES 

Fowler's toad 

Smooth softshell turtle 

Common snapping turtle 

MAMMALS 
House mouse 

Eastern mole 

opposum 

Muskrat 

Little brown bat 

Coyote 

Red fox 



3 

Raccoon 

Woodchuck 

s 3  G 
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APPENDIX C 

AN ANNOTATED LIST OF TERMS AND DEFINITIONS 

It is the purpose of this appendix to attempt to reach a 
concensus on the use of several common terms frequently used 
in our Final Reports to WMCO. This selection supplements 
terminology defined or otherwise referenced within our 
documents. We hope these terms, defined below, will be 
useful to the reader and to future workers. 

Allele: alternative forms of genes coding for the same 
trait; situated at the same locus on homologous chromosomes. 

Allochronic: occurring at different times of day, on 
different days, or in different seasons. 

Apomict: one reproducing without fertilization. 

Benthos: organisms that live along the bottom of streams, 
rivers, and lakes. (syn. benthic macroinvertebrates). 

Census: the result or process of standardized population 
methods in an attempt to make a complete enumeration 
(estimate) of all individuals (or taxa) within a specified 
area or  distance (eg. the Emlen Fixed Width Transect Method 
for estimating breeding birds). 

Cohort: those members of a population that are of the same 
age. 

Community: the assemblage of organisms that are associated 
in a common environment or  habitat (eg., the benthic 
community). 

Conspocifics: members of the same species 

Count: a. an act or process for obtaining a gross estimate 
of plant or animal numbers over an area (e.g. Christmas Bird 
Count, May Count); usually involving only one or several days 
and the estimate is therefore less precise than a census. b. 
the process of enumeration or collection; (syn. sample). 

Density: the number of organisms per unit area. 

Edaphic: pertaining to the soil. 



Electrophoresis : a technique for separating molecules, 
particularly proteins, according to the overall electric 
charge of the molecules. 

Fledging: a stage in development when young birds leave the 
nest; the process of young birds leaving the nest and 
becoming independent of parental care. 

Fledgling: A young bird about ready to leave (fledge) the 
nest. 

, 
I 

- .. I 

FMPC operations: all industrial (chemical and physical) 
practices conducted onsite concerned with the management, 
storage, transport, reprocessing and production of uranium 
metal products (see p. 1, EMR, April 30, 1987). 

E'MPC waste materials: substances, known or unknown, that 
are released into the environment by the FMPC during plant 
operations; (syn. FMPC wastes, waste products). 

Frequency: the number of organisms encountered per unit 
effort (e.g., per hour, station, or kilometer). 

- 

Genetic diploidization: the process of silencing multiple 
copies of genes in polyploid organisms such that the 
organisms move toward possessing two functional sets of 
genes. 

Genotype: the set of genes possessed by an individual 
organism; often, its genetic composition at a specific locus 
or set of loci singled out for discussion. 

Habitat: the place where an organism normally lives or 
where individuals of a population live. 

Hardy-Weinberg equilibrium: a rule for predicting 
genotype frequencies on the basis of gene frequences, under 
the assumption of random mating and in the absence of 
selection. 

Heterozygotm: an organism or state of an organism 
(heterozygosity) in which the pair of alleles for a tr.ait is 
composed of different genes (usually dominant and recessive); 
derived from a zygote formed by the union of gametes of 
dissimilar genetic constitution. Electrophoretically 
determined heterozygotes a,re usually codominant. 

Heterozygosity: having the two genes at corresponding loci 
on homologous chromosomes different for one or more loci. 

- 

Homogeneity: the state of populations having statistically 
similar distribution functions or values. 
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Hyporheic: t h e  s u b t e r r a n e a n  h a b i t a t  d i r e c t l y  unde r  a stream 
bed. 

Locus: a s i t e  on a chromosome o c c u p i e d  by  a spec i f ic  gene;  
more l o o s e l y ,  t h e  gene  i t s e l f  i n  a l l  i t s  a l l e l i c  s t a t e s .  

Macroinvertebrate: An i n v e r t e b r a t e  ( w i t h o u t  backbone)  
s p e c i e s  l a r g e  enough t o  be  s e e n  w i t h  t h e  naked e y e .  

Management practices: t h e  c u r r e n t  p o l i c y  of l a n d  u s e  on- 
s i t e  which i s  n o t  related t o  t h e  p r o d u c t i o n a l  o p e r a t i o n  o f  
t h e  FMPC ( e . g . ,  t h e  p a s t u r i n g  o f  c a t t l e ,  b u l l d o z i n g  and  
bushogging  of woodlots, mowing of berms, p a s t u r e s  and  p i n e  
p l a n t i n g s ,  and  t h e  a l t e r a t i o n  of d r a i n a g e s ) ;  ( c f .  s t r e s s ) .  

Monomorphic: a p o p u l a t i o n  i n  which v i r t u a l l y  a l l  
i n d i v i d u a l s  have t h e  same genotype  a t  a l o c u s .  

Onsite: a l l  hab i t a t s  a n d  d r a i n a g e s  w i t h i n  t h e  b o u n d a r i e s  of 
t he  FMPC, e x c l u d i n g  t h e  p r o d u c t i o n  area.  

Plot: a measured  area of l a n d .  

Polymorphic: a p o p u l a t i o n  i n  which there are t w o  o r  more 
g e n o t y p e s  a t  a locus. 

Pool: a deep  place i n  a stream. 

Riffle: a s t re tch of s h a l l o w ,  choppy water, u s u a l l y  c a u s e d  
b y  a rocky  shoal b e n e a t h  t h e  s u r f a c e .  

Riparian: p e r t a i n i n g  t o  t e r res t r ia l  communi t ies  a l o n g  t h e  
banks  of creeks, rivers a n d  streams. 

Sample: t h e  e n u m e r a t i o n  of p o p u l a t i o n s  o r  t a x a  b y  any 
method from which i n f e r e n c e s  a b o u t  t h e  complete p o p u l a t i o n s  
are made; ( syn .  c o u n t ,  s u r v e y ) .  

Second (2nd). .order stream: receives d r a i n a g e s  from t w o  o r  
more o t h e r  non-branching  streams. 

Species: A g r o u p  of i n t e r b r e e d i n g  i n d i v i d u a l s  of common 
a n c e s t r y  t h a t  are r e p r o d u c t i v e l y  isolated from a l l  other such  
g roups ;  ( s y n .  p o p u l a t i o n )  . 
Species Diversity: a m a t h e m a t i c a l  i n d e x  ( r e p r e s e n t a t i o n )  
of a community tha t  combines species r i c h n e s s  and  t h e  number 
of i n d i v i d u a l s  of each species. 

SPOCiOS MChnOSS: t h e  number of s p e c i e s  i n  a g i v e n  area. 



. 

S t a t i o n :  t h e  s p o t ,  l o c a t i o n ,  a t  which o b s e r v a  i o n s  a re  made 
by o b s e r v e r s  a l o n g  a t r a n s e c t ,  s t r eam or  r o a d  f o r  a census  
( e . g . ,  f i s h  sampling s t a t i o n s  a l o n g  Paddy ' s  Run C r e e k ) ;  ( s y n .  
s i t e ) .  

S t r e s s :  p e r t u r b a t i o n s ,  acute  o r  c h r o n i c  and which  a f f ec t  
t h e  q u a l i t y  or s t r u c t u r e  of t e r r e s t r i a l  o r  a q u a t i c  
p o p u l a t i o n s  o r  communities.  a .  p h y s i c a l  ( e . g . ,  g r a z i n g ,  
t i m b e r i n g ;  c f .  management p r a c t i c e s ) .  b .  chemical ( e . g . ,  
p e s t i c i d e s ,  heavy metals, r a d i o l o g i c a l )  . 
Succession: t h e  p r o c e s s  by which communities change o v e r  
t i m e ;  t he  replacement  of  one community by a n o t h e r  i n  a n  
o r d e r l y  and  p r e d i c t a b l e  manner. 

Succcossional s t a g e :  t h e  d e g r e e  o f  m a t u r i t y  i n  which a 
community e x i s t s  t h rough  n a t u r a l  o r  manupulated p r o c e s s e s .  

Synchronic: a t  t h e  same t i m e ;  i n  synchrony.  

Taxon, p l .  t a x a :  any taxonomic g roup .  

Third (3rd) ordor stroam: r e c e i v e s  d r a i n a g e s  from t w o  or 
more second o r d e r  streams. 

Tr8nsoct: a .  a sample area, u s u a l l y  l i n e a r  and  c o n t i n u o u s ,  
a l o n g  which t h e  observer moves i n  a g i v e n  d i r e c t i o n  t o  take  
f requency  c o u n t s  or f i x e d  d i s t a n c e  coun t s  (e .g . ,  t h e  
established 600 m t r a n s e c t s  on the FMPC).  b .  a census  
method, (eg., t h e  f ixed -wid th  l i n e  t r a n s e c t  method for  
census ing  w i n t e r  b i rds)  . 
Trophic l o v o l :  t h e  p o s i t i o n  i n  t h e  food c h a i n  based on t h e  
f e e d i n g  r a l a t i o n s h i p s  of  p o p u l a t i o n s ;  t h e  n u t r i t i o n a l  
p o s i t i o n  of  a p o p u l a t i o n  i n  an  ecosystem de te rmined  by t h e  
number of e n e r g y - t r a n s f e r  s t e p s  t o  t h a t  l e v e l .  

Wo: t h e  a u t h o r s  of t h i s  document. 




