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Summary. 1. Male bluegill sunfish (Lepomis macro- 
chirus) construct nests in densely packed colonies 
characterized by high breeding synchrony. Females 
deposit eggs in the nests and males alone provide 
parental care for eggs and larvae. During the 7-day 
care period, males do not leave the nests to forage 
nor do they nourish the young. Parental males do 
actively defend their broods against predators. 

2. This study investigated the effects of coloniality 
on predation. Bluegill brood are attacked by preda- 
tors moving along the lake substrate and from the 
water column. Substrate-level predators include a ma- 
jor  predator in the system, the snail Viviparous geor- 
gianus, and also bullhead, Ictalurus spp. Predation 
from the water column is primarily by conspecifics 
(94%) but also by Lepornis gibbosus and the hybrid, 
L. macrochirus x L. gibbosus. There is little or no pre- 
dation on parental males. 

3. Significant differences in brood predation are 
found among nests in central, peripheral colony 
and solitary sites. Brood loss at peripheral nests is 
at least three times that at central nests, and solitary 
nests experience greater predation than colony nests. 
These differences are due to effects of nest dispersion 
rather than to habitat characteristics. 

4. Bluegill brood predation is reduced through co- 
lonial nesting as (1) peripheral nests screen central 
broods from snails and bullhead, (2)predators can 
be swamped by the high nesting density, and (3) over- 
lapping defended zones provide cumulative defense 
against water-column predators and bullhead. Syn- 
chrony in breeding augments these anti-predation at- 
tributes of colonial nesting, and can also reduce con- 
specific predation and result in a 'head-start '  against 
predators. 

* Present address: Department of Zoology, NJ-15, University of 
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5. Certain costs to brood survivorship arise from 
colonial nesting: predation by neighboring males and 
ripe females, concentration of  odor  cues which may 
influence bullhead predation, and possibly fungal 
transmission between nests. 

6. Pumpkinseed sunfish (L. gibbosus), which breed 
concurrently with bluegill, are relatively unsocial nest- 
ers. Pumpkinseed do not suffer the same predation 
pressures. As a result of  morphological and behavior- 
al adaptations for feeding, pumpkinseed are able to 
remove snails from their nests and probably repel 
bullhead attacks. As snails contribute over 50% of 
the estimated predation on bluegill, this difference 
between species is significant. 

7. Brood predation is proposed as an important 
selective force for the evolution of colonial nesting 
in sunfishes. Selection should be mediated through 
female choice of a nest dispersion which maximizes 
brood survivorship. Morphological and behavioral 
preadaptations probably determine the type and de- 
gree of brood predation experienced by a species, 
and hence species-specific selection for patterns of 
nest dispersion. 

Introduction 

Breeding aggregations are a relatively widespread 
phenomenon in vertebrates that exhibit parental care. 
These aggregations may arise from physical limita- 
tions in the environment, or from social attraction 
among conspecifics. When proximity is a result of 
social attraction rather than habitat shortages, sta- 
tionary breeding aggregations with parental care are 
aptly termed 'colonies' .  The evolution of  colonial 
breeding has attracted considerable interest, particu- 
larly in birds, and four major hypotheses have 
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emerged  to expla in  its adap t iveness :  m u t u a l  s t imula-  
t ion o r  social  fac i l i ta t ion  (Dar l ing  1938); regu la t ion  
o f  p o p u l a t i o n  size ( W y n n e - E d w a r d s  1962); more  effi- 
cient  exp lo i t a t ion  o f  food  resources  (e.g. H o r n  1968; 
Emlen  and  D e m o n g  1975); and  r educed  p r e d a t i o n  
(e.g. K r u u k  1964; H o o g l a n d  and  She rman  1976). 

The evo lu t ion  and  adap t ive  s ignif icance o f  co lon-  
ial i ty has  no t  been s tud ied  in fishes. In  nonco lon i a l  
species, b r o o d  surv ivorsh ip  is of ten d e p e n d e n t  u p o n  
some fo rm of  pa ren t a l  defense aga ins t  p r e d a t o r s  
(Breder  and  Rosen  1966; Keen leys ide  1978a). In  
some species pa ren t s  concea l  the i r  b roods ,  bu t  usual ly  
they p ro tec t  b roods  by  act ively  c o u n t e r a t t a c k i n g  pre-  
da to r s  and  dr iv ing  them away.  A q u a t i c  systems con-  
ta in  a wide spec t rum of  po ten t i a l  p reda to r s ,  and  pre- 
da t i on  can  be extensive (e.g., M c K a y e  and  Bar low 
1976; Per rone  1978; Gross  and  Nowe l l  1980). 
T h r o u g h  colonia l i ty ,  fishes cou ld  ob ta in  several  ant i -  
p r e d a t i o n  advantages .  These are :  (1 )co l lec t ive  de- 
fense ( ' m o b b i n g ' )  ( H o o g l a n d  and  S h e r m a n  1976); (2) 
' se l f ish  h e r d '  effects ( H a m i l t o n  1971); (3) p r e d a t o r  
' s w a m p i n g '  (Wiley and  Wi ley  1980). A l t h o u g h  no 
studies have d e m o n s t r a t e d  these benefi ts  for  fishes, 
the impor t ance  o f  p r e d a t i o n  with regard  to co lon ia l  
b reed ing  has  been suggested by Loisel le  (1977) and  
G e r a l d  (1970). This p a p e r  invest igates  the s ignif icance 
o f  co lon ia l i ty  on  p r e d a t i o n  in the bluegi l l  sunfish (Le- 
pomis  macrochirus ; Cent ra rch idae) .  

Bluegill  sunfish are highly co lon ia l  b reeders :  (1) 
their  nes t  d i spers ion  is c l u m p e d  despi te  unoccup ied  
and  con t inuous  h a b i t a t  o f  s imi lar  wate r  depth ,  wate r  
t empera tu re ,  and  subs t ra te  cha rac t e r ;  ( 2 ) b r e e d i n g  
groups  expand  th rough  the a d d i t i o n  o f  new me mbe r s  

i n d e p e n d e n t  o f  changing  wate r  dep th  and  subs t ra te  
cond i t i on ;  (3) so l i ta ry  nests are  rare in the b reed ing  
p o p u l a t i o n  (less than  7 % ) ;  ( 4 ) b r e e d i n g  s y n c h r o n y  
wi thin  groups  exceeds b reed ing  synchrony  be tween 
g roups ;  ( 5 ) b e h a v i o r a l  in te rac t ions  a m o n g  males  in- 
volves ini t ia l  aggress ion bu t  is fo l lowed by  m u t u a l  
accep tance  and  social  fac i l i t a t ion  (Colgan  et  al. 1979; 
Gross  1980). In  s t r ik ing con t r a s t  to bluegil l ,  p u m p k i n -  
seed sunfish (L. gibbosus), which breed  in s imi lar  hab i -  
tats,  of ten nes t  sol i tar i ly  o r  in loose  nes t ing aggre-  
gat ions.  Co lon ia l i t y  occurs  t h r o u g h o u t  the range o f  
bluegil l ,  as does  the re la t ively unsoc ia l  b reed ing  o f  
p u m p k i n s e e d  (e.g., C la rk  and  Keenleys ide  1967; Ger -  
a ld  1970; C a r l a n d e r  1977). This va r i a t ion  in b reed ing  
d i spers ion  a m o n g  closely re la ted  species poses  an  in- 
teres t ing evo lu t i ona ry  p rob lem.  

The  a p p r o a c h  t aken  here is to examine  the behav-  
ior  o f  p r e d a t o r s  in the sys tem and  c o n t r a s t  p r eda t i on  
loss a t  cent ra l  co lony,  pe r iphe ra l  co lony,  and  sol i tary  
bluegil l  nes t ing  sites. The  hypo thes i s  tha t  co lon ia l i ty  
is adap t ive  as an a n t i - p r e d a t i o n  b e h a v i o r  predic ts  tha t  
cent ra l  co lony  males  suffer r educed  p reda t ion .  The 

results  f rom our  s tudy  s u p p o r t  this hypothes is .  Some 
compara t i ve  da t a  were ga thered  on  response  to p reda -  
tors by  the nonco lon ia l  pumpk inseed .  In  c o m b i n a t i o n  
with studies o f  mate  choice (Gross  1980) and  s t ructur-  
al  m o r p h o l o g y ,  this p a p e r  con t r ibu tes  to an explana-  
t ion o f  how breeding  d ispers ion  evolved in sunfishes. 

Material and Methods 

Synopsis of Reproductive Behavior 

Bluegill reproductive behavior in Lake Opinicon is typical for the 
species (Avila 1973 ; Carlander 1977 ; Gross 1980). Males construct 
nests in colonies of 10-150 members; nests are built rim to rim 
and they sometimes assume a hexagonal shape (Barlow 1974), 
Some males which mate by cuckoldry (Gross 1979; Gross and 
Charnov 1980), do not construct nests nor show parental care. 
Gravid females arrive as schools at established colonies of waiting 
males and spawn for several hours. After spawning, all females 
return to deeper water. Parental males fan their eggs and respond 
aggressively to territory intruders. Eggs hatch in approximately 
3 days and larvae (immature fry) mature for 4 days before leaving 
the nests as free-swimming fry. Since spawning is synchronous 
within a colony, broods of almost all bluegill males are at the 
same developmental state. After fry leave nests, the males return 
to deeper water and resume feeding until the next spawning bout. 
This is usually 3-10 days later. Similar reproductive behavior oc- 
curs in pumpkinseed (Miller 1963), but nests are dispersed and 
breeding synchrony is considerably less. 

Study Area 
Lake Opinicon (Leeds County, Ontario, Canada) is a 900 ha meso- 
tropbic lake similar to many in the Ontario basin (Keast 1978b). 
It has a natural bluegill population and a resident fish community 
of 18 species (Keast and Webb 1966). The primary study site was 
a homogeneous sandbar 20 m wide and 90 m long, stretching across 
the mouth of a bay (Birch Bay; see map in Gross and Nowell 
1980). Substrate conditions (90% sand, 10% light gravel) and plant 
cover (5%) are generally uniform along this bar and water tempera- 
ture does not vary. Water depth on the bar averages 1 m and 
depth increases to 3 m on the bay side and 10 m on the lake 
side. Thus the breeding habitat is well delimitated. From four 
to seven bluegill colonies are simultaneously established on the 
bar. Collectively they use less than 20% of the total bar area. 
Between 25 and 80 pumpkinseed nest concurrently in unoccupied 
regions between colonies. Spawning habitat requirements for 
pumpkinseed are similar to bluegill. Qualitative observations of 
predation were made in other areas of the lake, described in Gross 
and Nowell (1980). 

Data Collection and Analysis 
The data were collected during the Jun~July breeding months 
of 1976-1979. Behavioral observations were made from 3-m towers 
on the shoreline near nesting areas, or with mask and snorkel 
while kneeling near a colony or swimming along the sandbar. 
Observer presence caused no apparent disturbance to the fish com- 
munity (Colgan et al. 1979). Preliminary observation and sampling 
were made to identify the predators in the system. The potential 
predators on bluegill brood were identified from approximately 
200 h of observation during 1976 and 1977. These were later sam- 
pied to verify eggs or larvae in their stomachs. Predator samples 
were collected randomly using screen funnel traps near colonies, 
and selectively by using a hand net manipulated by a skin diver. 

The predators upon bluegill eggs and larvae were found to 
be: male and female bluegill; male and female pumpkinseed (L. 
gibbosus) ; hybrid sunfish (L. macrochirus x L. gibbosus) ; immature 
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(20 35 mm total length) smallmouth bass (Micropterus dolomieui); 
bullhead catfish (Ictalurus spp.); and snails (Viviparous georgianus). 
Rockbass (Ambloplites rupeslris), yellow perch (Perea flaveseens) 
and minnows (see Keast and Webb 1966) were seen near colonies 
but did not prey upon the brood. Adult male bluegill were not 
preyed upon during the nesting period. Thus, the study is concerned 
only with predation on bluegill brood. 

A representative colony (A) with 52 nesting males was used 
for detailed observations of natural predation. 'Central' males 
were defined as having at least one nest separating them from 
the colony edge. 'Peripheral' males had at least one nest edge 
exposed and formed a ring around the colony. Colony A had 
11 central and 41 peripheral males. Sixteen 'solitary' bluegill males 
were found in unoccupied areas between colonies. Solitary males 
were separated by a minimum of 1.5 m from other nests; a distance 
sufficient for behavioral and probably visual isolation. Several 
methods were used to study predation. 

1. Predator density was assessed by swimming strip counts 
along the sandbar (Keast and Harker 1977). The bar was divided 
into twelve 75-m z sections and free-swimming fish were recorded 
from each quadrat. Counts were made three times each week, 
and began 2 weeks before nesting activity. 

2. To assess possible predation during the spawning bout, ten 
observation periods each of 10 min duration were made during 
the spawning of colony A on June 27, 1978. Predation during 
the 7 days of egg and larval brooding was assessed by establishing 
daily observation periods. To monitor both crepuscular and diurnal 
hours of predator activity, observation periods were held 06.0~ 
07.30, 13.30-15.00 and 20.00 21.30. This provided 26.5 h of obser- 
vational data covering approximately 23% of the daylight hours 
during which brood were developing in nests (16.5 h daily visible 
light). Predator size was estimated as large (> 150 mm total length), 
medium (120-150 ram) or small (< 120 ram). Male parental 'de- 
fense' was defined as aggression towards an intruder in the parent's 
territory. This usually took the form of a 'chase'. Each complete 
chase (exit from and re-entry into the nest) was scored as one 
defense. A direct count of egg or larval loss to predation was 
not feasible as approximately 15,000 eggs are spawned in each 
nest. Instead, predation was quantified by documenting the occur- 
rence and success of a predation attempt. An 'attempt'  was defined 
as penetration by an intruder into the territory of a parental blue- 
gill, involving direct movement toward the nest. 'Successful at- 
tempts' involved biting at eggs or larvae resting on the nest bottom. 
Our definitions allowed for parental defense in the absence of 
an actual predation attempt on the nest, as occurs if a predator 
is chased while swimming through a territory. 

3. To determine the influence of nesting density on predator 
number, a count of free-swimming potential predators over four 
different sites was made. The sites, each measuring 12 m z, included: 
a colony with 13 males (colony B); an area with a solitary nesting 
male (two such areas were examined); a section of vacant bar; 
and a deserted colony site, which served as a control (i.e., the 
males and fry had already dispersed). Each site was visited 20 times 
in random order and the number of predators counted. The rela- 
tionship between predation pressure and density within a colony 
was examined by dividing colony A into three sections of differing 
density. 

4. When nests contained broods, the positions of predators 
in the water column were recorded at four sites: colony A; colony 
B; a stretch of unoccupied sandbar (control); and at the site of 
a solitary male. Meter sticks were placed in an upright position 
and potential predators within an approximate 12 m z area were 
scored as swimming low (< 1/3 m from the substrate), medium 
(1/3-2/3 m), or high (>2/3 m) in the water column. Water depth 
over the bar closely approximated 1 m. The scoring was repeated 
five to eight times at each site in random order. 

5. To investigate whether coloniality imparts protection for 

unguarded nests, such as while parental males chase predators, 
we experimentally removed seven males from each type of nest 
site (central, peripheral, and solitary). Males were readily captured 
using a hand net placed over the nest bottom. When the net was 
lifted slowly, disturbance to other males was minimal. Removals 
were performed at a third colony (C) of 68 males to avoid affecting 
the main study areas. 

6. Snail density along the sandbar and at colony A during 
different stages of the reproductive cycle was measured by daily 
counts in randomly selected 1-m 2 plots. Snails were also removed 
from nests to examine stomachs for the presence of brood. The 
rate of snail movement was estimated by releasing individuals into 
aquaria with running lake water and measuring distance travelled 
within a set time period. A total of 15 trials with five snails were 
run. Consumption rate was estimated by feeding live brood to 
snails. Five replicate samples of three snails were placed in contact 
with known quantities of eggs and larvae (usually 100), and after 
a given time (usually 24 h) the remaining brood were counted. 
Digestion rate was studied by liberal feeding of bluegill larvae. 
Snails were allowed to feed for 3 h and then moved into empty 
aquaria. The stomach contents of five snails were examined every 
10 rain until stomachs were found empty. The experiment was 
then repeated using ten snails sampled every 5 rain. Since larvae 
were frozen and their tissues may have been broken down, the 
estimates of digestion rate are only approximate. 

7. Nocturnal predation was investigated by diving with under- 
water lights. The only active nocturnal predators were bullhead, 
and they tended to shy away from the lights. This unfortunately 
limited our observations. 

8. Approximately 20-25 h of observations were accumulated 
on pumpkinseed nesting on the sandbar. Comparative studies were 
made between these and bluegill for predation by snails. As part 
of a larger study into the mating systems of sunfishes (Gross 1980), 
70-110 pumpkinseed nesting in a shallow cove, White Pine 'Bay 
(Gross and Nowell 1980), were under daily observation 1976-1978. 
Incidents of natural predation were recorded during more than 
700 observation hours. Although this site is structurally different 
from the sandbar, a colony of bluegill was annually established 
among the pumpkinseed nests and all the predators identified for 
bluegill at the sandbar were also seen in the cove. Some of these 
data are used for comparative study with bluegill. 

9. Statistical evaluations of the data were based upon )~2 (Siegel 
1956) and analysis of variance (ANOVA) (Sokal and Roblf 1969) 
tests. 

Results 

C o l o n y  site s e l ec t ion  by  bluegi l l  d id  n o t  r e d u c e  p r e d a -  

t ion.  T h e  f ive s ec t i o n s  in w h i c h  c o l o n i e s  were  e s t a b -  

l i shed  d id  n o t  d i f f e r  f r o m  the  seven  sec t ions  w i t h o u t  

c o l o n i e s  in t o t a l  n u m b e r  o f  p o t e n t i a l  p r e d a t o r s  

( A N O V A ,  t w o - t a i l e d ,  P > 0 . 0 5 ) .  P r e d a t i o n  p r e s s u r e  

w a s  e x e r t e d  in t w o  ways .  Sna i l s  a n d  b u l l h e a d  m o v e d  

a l o n g  the  lake  s u b s t r a t e  to  a t t a c k  n e s t s  ( s u b s t r a t e -  

level p r e d a t o r s )  whi le  t he  r e m a i n i n g  spec ies  a t t a c k e d  

f r o m  p o s i t i o n s  in t he  w a t e r  c o l u m n  ( w a t e r - c o l u m n  

p r e d a t o r s ) .  

Water-Column Predation 

Predator Behavior and Male Bluegill Response. T h e  

p r e d o m i n a n t  p r e d a t o r s  in  t he  w a t e r  c o l u m n  w e r e  c o n -  

specif ics ,  a c c o u n t i n g  f o r  o v e r  9 0 %  o f  all a t t a c k s  d u r i n g  

the  b r o o d i n g  p e r i o d  (Tab le  1). A l t h o u g h  p u m p k i n -  
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Table 1. Predation pressure f rom fish in the water column during 
the post-spawning parental  care period. Data  are summarized from 
26.5 h of observation and include: relative predator abundance ,  
predation threat, and defensive chases made by parental  males. 
Predator abundance is the number  of  each fish species swimming 
into bluegill territories during the observation period 

Predator Abundance  Predation Defensive 
attempts chases 

No. % of  No. No. % of  No. No. 
ob- total per total per 
served pred- pred- 

ator ator 

Table 2. Stomach contents of  60 f lee-swimming Lepomis captured 
in traps near colonies or netted from over colonies during the 
7-day parental  care period. The category 'miscellaneous inverte- 
brates '  includes aquatic insects, crustaceans, and gastropods. 
Stomachs with bluegill brood usually contained some sand 

Stomach contents 

Bluegill Inverte- Misc. Empty Y no. of  
eggs or brates inverte- brood and 
larvae and brates range in 
only bluegill only s tomachs 

eggs or with brood 
larvae 

Total bluegill 367 73.4 114 0.31 94.3 1303 3.55 

Large bluegill 100 20.0 74 0.74 61.2 727 7.27 
(>  150 ram) 

Medium bluegill 102 20.4 38 0.37 31.4 527 5.17 
(120-150 mm) 

Small bluegill 165 33.0 2 0.01 1.7 71 0.43 
( < 120 ram) 

Pumpkinseed 75 15.0 3 0.04 2.5 313 4.17 

Hybrid 24 4.8 4 0.17 3.3 314 13.08 

Smal lmouth  bass 3 4  6.9 0 - - 0 - 

seed were relatively abundant, they made fewer preda- 
tory attempts. Predation by smallmouth bass was in- 
frequent and they were not important predators in 
the system. 

Free-swimming Lepomis, searching for food, 
moved along the sandbar singly or in loose groups 
of up to 15. Many fed on bluegill eggs and larvae 
(Table 2). Attacks on broods were usually made by 
single fish, from either low or high in the water col- 
umn. Those attacking from low in the water column 
would swim rapidly toward the nest and bite at the 
bottom of the nest near the edge. In contrast, those 
attacking from high in the water column would 
'hang' motionless and then dive down into a nest. 
Successful predation attacks by large bluegill captured 
on average 17.9eggs and larvae (SD=12.8, n=  
12 large bluegill and 74 successful attacks). To avoid 
male parental defense, predators often paused near 
the edge of territories awaiting an opportunity to at- 

No. of 
Lepomis 12 4 41 3 396 

(15-1,300) 
Per- 
centage 20.0 6.7 68.3 5 

tack while the parent's attention was diverted. These 
lingering fish were frequently chased with parental 
aggression being directly proportional to predator 
threat. Large bluegill and especially hybrids elicited 
the most defensive chases and were also most likely 
to attempt predation (Table 1). Parental defense inter- 
cepted approximately 53% of all attacks during the 
parental care period. When a predator successfully 
penetrated a nest the parental male attempted fierce 
and repeated bites on its side. Predators rarely coun- 
terattacked and usually retreated rapidly, with the 
defending parent chasing about 1 m. Because Lepomis 
are visual predators, attacks by a single male can 
attract others, giving rise to group attacks. Male pa- 
rental defense was usually ineffective in such situa- 
tions. On one occasion a group of 20 large bluegill 
and hybrids successively consumed all the brood from 
three peripheral nests. 

A tagging study (Gross 1980) permitted the recog- 
nition of some individuals returning to colony A for 
repeated predation. The reappearance of these same 
individuals and the rare co-occurrence of brood and 
invertebrates in their stomachs (Table 2), suggests a 
degree of predator learning and specialization. 

During the spawning period female bluegill were 
active predators (Table 3). Upon entering nests gravid 

Table 3. Predation at tempts  (n=245)  by conspecifics on bluegill eggs during colony spawning 

Sex of  predator Female in nest 
during predation at tempt 

Male defensive chases 

Male Female Female Female not  
Yes No in nest in nest 

Predation success 

Total Female Female not  
in nest in nest 

No. of  predation 17 
at tempts  

Percentage 6.9 

228 154 91 430 250 

93.1 62.9 37.1 63.2 36.8 

185 - - 

7 5 . 5  76.2 74.5 
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a o  

o 8 0  C 

6 0  n =  5 2  
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~ 40 

" m ~ 2o 

o 

2 8  2 9  5 0  I 2 5 4 L M H 

June  J u l y  

Fig. l .  Daily predation pressure by free-swimming Lepomis during 
the 7 days of  post-spawning bluegill brood care. The data were 
extrapolated to a 16.5-h day from 4.5 h of daily observation and 
show the average number of predation attempts and predation 
success on males in colony A. A bar ( ~ ) indicates significant 
differences between days in predation attempts and success 
(ANOVA, two-tailed, P<0.05)  

B 

L M H 

D 
8 O  

Colony B 

6 0  n =  5 0  

2 0  

L M H 

H e i g h t  in w a t e r  c o l u m n  

Fig. 2. Distribution within the water column of  potential predators 
on bluegill brood at four sites along the sandbar. Fish were either 
low (L: <1/3 m from substratum), medium (M: 1/3-2/3 m), or 
high (H: > 2/a m) in the water column. Fish low in the water 
column were of greatest threat to nesting bluegill, n = number of 
potential predators in the calculations 

females typically bit at the bottom. Males would then 
chase them from the nest unless they commenced 
spawning and stopped taking eggs. Of 20 gravid fe- 
males collected, 65% had eggs in their stomachs (2 
egg no. for predacious females = 26, SD = 13.1 ; over- 
all s  16.9, S D -  16.5). 

Predation was greatest during spawning while a 
female was in the nest (Table 3, ANOVA, two-tailed, 
P<0.01). The attacks of males and females in the 
water column had approximately equal success, and 
each sex made an equal proportion of their predation 
attempts at this time. Resident males responded with 
an increase in defensive attacks (ANOVA, two-tailed, 
P<0.01), but their success in preventing an attack 
was less than during the remaining parental care peri- 
od (ANOVA, two-tailed, P<  0.01). This can be attrib- 
uted to: (1) confusion arising from large numbers of 
spawning females mingling in the colony, (2) difficulty 
of guarding against predation while attempting to 
complete spawning sequences, and (3) approaching 
females 'suddenly' eating eggs rather than being sex- 
ually motivated. Colonies that attracted smaller 
schools of females did not suffer as much spawning 
predation. 

During the 7 days in which young were brooded 
by males, frequency and success of attacks decreased 
(Fig. 1). Virtually no predation occurred on the day 
when fry dispersed. There was no change, however, 

in predation pressure within any one day (testing for 
difference in the number of parental defenses and 
predation attempts in morning, afternoon, and even- 
ing periods of observation, ANOVA, two-tailed, P>  
0.05 for both tests). Several small bluegill (< 120 ram) 
entered the colony each evening but were generally 
ignored by parental males. The reason for this influx 
was not clear, as small bluegill were not active brood 
predators (Table 1). 

The Effect of Nest Density. Typically, potentially pre- 
dacious fish swam low in the water column along the 
sandbar. When approaching a colony, however, they 
rose higher in the water column, thereby swimming 
further away from bluegill nest (Fig. 2c compared 
with 2a, Z z, P<0.01 for all levels; Fig. 2c compared 
with 2d, X z, P<  0.05 for all levels). By contrast, swim- 
ming height was unaffected by solitary nesting bluegill 
(Fig. 2a compared with 2b, Z 2, P>  0.05 for all levels). 
Higher swimming heights over the colony can be at- 
tributed to predators avoiding the multiple attacks 
from aggregated bluegilt males. This increased dis- 
tance between broods and predators decreased preda- 
tion threat; attacks were proportionately more com- 
mon from fish lower in the water column (Z 2, P<  
0.05). 

In general, predacious Lepomis did not converge 
on colonies. Fewer potential predators were found 
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Fig. 3. Relative proportions of potentially predacious Lepomis in 
four sites of  equal area along the sandbar habitat, during bluegill 
breeding. The data are summarized from 20 randomized observa- 
tions at each site and a total of 257 fish 

near colony B than along equal areas of vacant bar, 
at a deserted colony site, or around a solitary male 
(Fig. 3, )~2, P<0.05). Differences among the latter 
three areas were not significant (X z, P>0.05). The 
data suggest that the number of potential predators 
around a solitary nest site is fivefold greater than 
at a colony. 

The effect that nesting density within a colony 
has on predation pressure was examined by visually 
dividing colony A into three sections (X, Y, Z) of 
approximately equal areas but differing in nest density 
or structure (Table 4). Nearest neighbor analysis 
(measured from nest centers) showed a greater nest 
density in X relative to Y (ANOVA, two-tailed, P<  
0.01) and to Z (ANOVA, two-tailed, P<0.01). Den- 
sity in Y did not differ significantly relative to Z 
(ANOVA, two-tailed, P>0.05). Section Y differed 
from Z primarily in structure: nests in Y were more 
linearly arranged while those in Z were grouped in 
a circular pattern. Predator number was found to 

be inversely related to nest density. Differences were 
significant between all sections (X 2, P<0.01) except 
between Y and Z 0~ 2, P>0.05). Actual predation 
attempts experienced by individual parental males 
were greatest at lowest nest densities. The number 
of attempts in sections X and Z differed significantly 
0~ 2, P<  0.01) while those in Y were intermediate but 
not statistically different from Z ()~2, p >  0.05). The 
frequency of defensive behaviors shown by males 
differed significantly between all three sections 
(ANOVA, two-tailed, P<0.05 for each pair in 
Table 4). This result suggests that males in section B 
may have faced greater predation exposure because of 
their linear nesting structure. Thus, the high density 
context of colonial nesting clearly reduces exposure of 
bluegill brood to water-column predators. This effect is 
also influenced, however, by the geometric arrange- 
ment of nests. 

The Effect of  Nest Position. There were no differences 
during colony spawning between peripheral and cen- 
tral nest sites with spawning females in either total 
number of predation attempts (ANOVA, two-tailed, 
P>  0.05) or in proportion of successful predation at- 
tempts Of 2, P>0.05). During the brooding period, 
however, males at central colony positions suffered 
significantly less predation than those nesting at pe- 
ripheral sites (Table 5). Comparative attack rate data 
were not obtained for solitary nesting males because 
of a shortage of field time. But, a study of the defensive 
behavior of solitary males indicated they took part 
in more defensive behavior than did central males 
(Table 6, ANOVA, two-tailed, P<0.001). Solitary 
males also tended to show more defense than periph- 
eral males but the difference was not significant 
(ANOVA, two-tailed, P >  0.05). 

Predation on central nest sites was reduced be- 
cause of overlapping defended areas. This could be 
seen in several ways: (1)A greater proportion of 
'group responses', where two or more parental males 
simultaneously chased a potential predator, occurred 
at central colony positions (Table 6, central vs. pe- 
ripheral, X 2, P<0.001). These changes frequently 
caused predators to leave the nest area. Solitary males 

Table 4. Predation pressure from free-swimming fish on three sections of  a bluegill colony (A) differing in nest density or nest arrangement 
(see text for details) 

Colony No. Nest Potential predators 
section nesting density 

males (no./m 2) 

Predation attempts Aggressive chases by nesting males 

Total" Per nest Totalb Per nest Total b Per male 

X 12 2.9 146 12.2 
Y 16 4.7 115 7.2 
Z 24 5.0 126 5.3 

38 3.2 621 51.8 
37 2.3 586 36.6 
44 1.8 524 21.8 

From 23 spot checks during 5 days b 435 min observation per colony section 
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Table 5. Comparison of predation pressure from water-column Le- 
pornis at central (n= 11) and peripheral (n=41) sites in a bluegill 
colony (A). Data are summarized from daily observation (Fig. 1) 
during the 7-day post-spawning parental care period. The statistical 
analysis was done on the raw data with a two-tailed ;(2, df= 6 

Colony Predation pressure per male 
position 

No. No. Defensive % attack 
predator defensive chases per success 
attacks chases predatory 

attack 

Central 23.8 193.4 8.1 25.1 
Peripheral 97.4 1009.7 10.4 52.9 

Z 2 P<0.01 P<0.05 -- P<0.001 

Table 6. Defensive behavior by bluegill nesting at three locations: 
central, peripheral and isolated from a colony. Eleven nests contain- 
ing eggs were observed at each location for 110 min. Group re- 
sponses, the proportion of defensive chases involving two or more 
parental males simultaneously chasing a predator, are shown 

Nest position 

Central Peripheral Solitary 

Chases to predators 16 96 114 
Chases per nest 1.5 8.7 10.4 
Group response 50% 8.2% - 

Table 7. Predation pressure on unguarded bluegill nests at three 
locations: central, peripheral, and isolated from a colony. Males 
were selectively captured from seven nests at each location. The 
length of time before predation occurred, the number of attacking 
predators, and the number of aggressive chases to these predators 
by neighboring parental males were recorded during 5 min of obser- 
vation On each nest. Mean values and single standard deviations 
are shown 

Nest position Time No. Aggressive 
to first predators chases from 
predation attacking neighboring 
(min) nest males 

Solitary 1.7 _+ 1.7 5.1 + 2.2 - 
Peripheral 1.9 _+ 1.2 5.9 + 1.4 16.3 _+ 9.8 
Central 5.7 + 2.5 1.9 _+ 0.9 20.6 + 6.8 

cou ld  not,  o f  course,  benefi t  f r om any g roup  response.  
(2) U n g u a r d e d  nests ga ined  a de lay  in p reda t ion  at  
centra l  co lony  pos i t ions  relat ive to pe r iphe ra l  and  
sol i tary  sites (Table  7, A N O V A ,  two-ta i led ,  P < 0 . 0 1  
for  each pair) .  A l t h o u g h  sol i tary  nests were on aver-  
age the ear l ies t  to be d iscovered  by p reda to r s ,  the 
difference was no t  s ta t is t ical ly  s ignif icant  f rom pe- 
r iphera l  loca t ions  ( A N O V A ,  two-ta i led ,  P >  0.05). (3) 
P reda to r s  in centra l  nests  were chased by  ne ighbor ing  
males  a b o u t  3.5 t imes more  than p r e d a t o r s  in per iph-  
eral  nests (Table  7). This  was due  to cent ra l ly  loca ted  

nests hav ing  more  ne ighbor ing  males  than  pe r iphe ra l  
nests, since pe r iphe ra l  and  cen t ra l  ne ighbors  were 
equal ly  act ive chasers  ( A N O V A ,  two-ta i led ,  P > 0.05). 

Substrate-Level Predation 

Predator Behavior and Male Bluegill Response. Bul lhead  
and  snails were i m p o r t a n t  p r e d a t o r s  in the system. 
In con t r a s t  to Lepomis, bul lhead  were act ive noc tur -  
nal  p reda to r s ,  sensitive to o d o r  cues (Keas t  1970). 
A l t h o u g h  their  p r e d a t i o n  th rea t  was no t  quant i f ied ,  
behav io ra l  obse rva t ions  were ob t a ined  for  11 d iu rna l  
a t tacks  involving 27 bu l lhead  and  for  28 noc tu rna l  
a t tacks  involving 109 bul lhead .  The  two species in- 
volved,  Ictalurus nebulosus and  L natalis, were several  
t imes larger  than  pa ren ta l  males  in b o d y  size, and  
they usual ly  a t t acked  in groups  o f  two to five. Al-  
though  pa ren ta l  bluegil l  r e sponded  aggressively by 
bit ing,  they were unable  to dr ive bu l lhead  f rom their  
nest. As  a result ,  al l  the b r o o d  in a nes t  was somet imes  
consumed.  One bu l lhead  cap tu red  wi thin  5 min  o f  
pene t ra t ing  a nest  had  a p p r o x i m a t e l y  400 eggs in its 
s tomach  even though  it had  been unde r  cons t an t  at-  
t ack  by the parent .  

To assess the n u m b e r  o f  bu l lhead  in the breed ing  
habi ta t ,  t raps  were set overnight .  N o  bu l lhead  were 
cap tu red  p r io r  to bluegi l l  spawning,  and  only one 
was cap tu red  af ter  r ep roduc t ion  was finished.  In  con-  
trast ,  e ight  were t r a ppe d  dur ing  the pa ren ta l  care  peri-  
od. This suggests an  influx o f  bul lhead ,  a l t hough  sam- 
ple sizes are small .  

Snails  were vorac ious  p reda to r s ,  h ighly  responsive  
to the presence o f  bluegil l  b rood .  Male  nest  bu i ld ing  
decreased local  snail  densi ty  bu t  snails en tered  the 
colonies  in large number s  af ter  eggs were spawned  
(Fig. 4). Snai l  densi ty  increased  tenfo ld  in 2 days,  
with an  average o f  23.7 snails pe r  nest  in co lony  A 
a t  peak  densi ty  ( n = 2 0  nests, S D = 9 . 5 ;  snail  size: n =  
64, shell l e n g t h =  1.9_+0.35 cm, w i d t h =  1 .6+0.26) .  A t  
this t ime nests had  i m m a t u r e  larvae  and  2 0 - 5 0 %  of  
the b o t t o m  of  a nest  wou ld  be covered with snails. 

Dur ing  peak  densi ty  snails con ta ined  on average 
4.1 i m m a t u r e  bluegill  l a rvae  in thei r  s tomachs  ( n =  
25 snails). Three  days  la ter  this n u m b e r  d r o p p e d  to 
0.16 ma tu re  larvae (n = 25 snails). M a t u r i n g  larvae  be- 
came increasingly diff icult  for  snails to cap ture  be- 
cause they were able  to move  a b o u t  the nest  bo t tom.  
Due  to the synchronous  d e v e l o p m e n t  o f  b roods  in 
co lony  nests, there were no a l ternat ive  b roods  to prey  
upon.  Snails  therefore  began  to leave and  their  densi ty  
in the co lony  re tu rned  to a p r e spawn ing  level. 

Exper iments  on snail  m o v e m e n t  demons t r a t ed  
tha t  snails d id  no t  a p p r o a c h  nests r andomly .  F o r t y  
tagged snails were p laced  15 cm f rom a coIony edge. 
One day  la ter  a survey o f  thei r  pos i t ions  revealed 
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Fig. 4. The response of snails (Viviparous georgianus) to bluegill 
breeding. Presented are mean values and standard deviations calcu- 
lated from 15 randomly chosen 1-m 2 plots at the site of colony 
A: (1) prior to any nest building (30.5.78); (2) during nest building 
(6.6.78); (3) while immature larvae were in nests (2.7.78); (4) after 
breeding activity (10.8.78). Differences in snail density between 
adjacent periods are statistically significant (ANOVA, two-tailed, 
P <  0.01 for each pairwise test). Pre-nesting and post-nesting snail 
density do not differ significantly (ANOVA, two-tailed, P >  0.05) 

that a substantial proport ion (55%) had moved into 
colony nests while 18% had moved away and 28% 
had remained where placed (~2, p < 0.05). Snails prob- 
ably detected the presence of  broods by odor. Snail 
movement as measured in aquaria was estimated at 
1.8 cm/min (approx. 1 m/h). This suggests snails are 
capable of  quickly reaching a colony from several 
meters distance. 

Active defensive behavior by bluegill males against 
snails was observed only once. This occurred when 
a single peripheral male went approximately 0.3 m 
from its nest and repeatedly bit at a snail. In response 
the snail withdrew into its shell. A few minutes later 
the snail emerged and began moving toward the col- 
ony, and, despite several additional attacks from the 
parent, eventually gained access to the nest. 

Effect of  Nest Position and Density. Central males were 
screened from bullhead and snails by the ring of pe- 
ripheral males. Snail number in peripheral nests was 
twice that in central nests during the brooding period 
(Table 8). Observations of bullhead predation re- 
vealed that 32 of 38 (84%) were on peripheral nests. 

Since nest density generally increases toward the 
center o f  a colony (Gross 1980), a further screening 

Table 8. The number of snails (Viviparous georgianus) in nests of  
bluegill and pumpkinseed breeding concurrently in the same habi- 
tat. The data were collected during three reproductive bouts and 
an approximately even sampling was made while eggs and larvae 
were present, n = nests sampled; ~ = mean no. of  snails ; SD = stan- 
dard deviation; A N O V A =  test of  statistical significance between 
adjacent columns 

Position of  bluegill nest Pumpkinseed 
nests 

Central Peripheral Solitary (solitary) 

n 46 86 16 25 

~_+SD 6.9_+10.9 13.7_+5.3 29.7_+15.0 0.36_+0.8 

ANOVA P<0.01 P<0.001 P<0.00I  

of interior nests occurs. The higher density also pro- 
vides cumulative defense against bullhead. When pen- 
etrating the colony, bullhead elicited increasing 
numbers of simultaneous defensive attacks and were 
driven out. 

The high density and synchrony of colonial nest- 
ing swamped the predators. Solitary nests contained 
over twice as many snails as the average colony nest 
(Table 8). For  a short time snail density continued 
to increase in all nests even as the number of  brood 
in their stomachs decreased (due to larval 
maturation). Bullhead showed a similar tendency to 
increase in numbers after breeding had begun. There 
is thus a time lag to predation. 

Predation on Pumpkinseed 

Two aspects of predation on noncolonial pumpkin- 
seed are of direct comparative interest. First, pump- 
kinseed nests had markedly fewer snails than bluegill 
(Table 8). This difference was independent of  bluegill 
nest location (ANOVA, two-tailed, P <  0.001 for cen- 
tral, peripheral, and solitary locations). As an experi- 
ment, four marked snails were placed into seven 
pumpkinseed and seven bluegill nests. We found that 
pumpkinseed were able to remove snails. Single snails 
were grasped in the mouth and deposited 0.5-1.5 m 
outside of the nest. After 45 rain, six pumpkinseed 
nests contained no snails and one nest had one snail. 
In contrast all seven bluegill nests still contained the 
four snails. 

Second, it was noted that pumpkinseed were rela- 
tively unthreatened by bullhead. During an observa- 
tion time approximately 3.5 times longer than for 
bluegill, a total of 37 bullhead were observed near 
pumpkinseed nests in White Pine Bay. Only one of 
these bullhead attempted predation on a pumpkinseed 
nest, and it was eventually repelled by vigorous biting 
from the parental male. 
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Discussion 

The Predators 

Conspecifics, snails, and catfish, the most important 
bluegill brood predators in Lake Opinicon, are also 
likely to be major predators throughout the bluegill 
range. This is suggested by the extensive range overlap 
of Viviparous georgianus, other omnivorous gastro- 
pods, Ictalurus and other Ictaluridae or catfish-like 
species, with bluegill (Clench 1962; Eckblad and 
Shealy 1972; McDonald 1969; Scott and Crossmau 
1973; Lee et al. 1980). Other recorded predators of 
bluegill brood are carp and common suckers (Webster 
1954), perch (Carlander 1977), other Lepomis (this 
study; Carlander 1977), and various cyprinids (Gerald 
1970). As a consequence of their large body size, 
nesting male bluegill are probably excluded from the 
diet of piscivorous fishes (e.g., Esox lucius and Micro- 
pterus salmoides; A. Keast, personal communication). 
One of us (M. R. G.) has observed attempted predation 
on parental males by water snakes (Natrix sipedon) 
and Great Blue herons (Ardea herodias). Such obser- 
vations are rare, suggesting that no important preda- 
tors prey upon nesting adults. 

Bluegill colony sites are found in a variety of sub- 
strates in Lake Opinicon as elsewhere (Carlander 
1977). Although not apparent on the sandbar, bluegill 
may derive some escape from brood predators 
through colony site selection. For instance, snail distri- 
bution is not uniform within lakes (Turnbull 1975) 
and bullhead prefer weedy habitats (Keast 1970). As 
large bluegill are rarely observed swimming in very 
shallow water, colonies formed there probably are 
detected less frequently by conspecifics. Such sites 
also decrease the space for water-column attack. Nest- 
ing sites must also be selected by physical and biotic 
requirements for brood development. Site selection 
should thus optimize the trade-offs between preda- 
cious and developmental sources of mortality. 

The Anti-Predation Advantage of Colonial Nesting 

A quantitative estimate of predation by Lepornis and 
snails during the parental care period can be made 
for central and peripheral males in a colony. As the 
number of brood captured per successful attack is 
approximately 18, Lepomis consume about 108 brood 
at central sites in contrast to 936 at peripheral sites 
(Table 5). Snails remained in nests for at least 4 days, 
and daily brood consumption was estimated as 19.7, 
thus snail predation at central sites was approximately 
543 brood and at peripheral 1079 (Table 8). Total 
brood loss to predation was therefore around 651 
and 2 015 at central and peripheral sites, respectively. 

Assuming equal egg distribution, central males would 
lose 4.3 % of their clutch and peripheral males 13.4% 
(average bluegill clutch = 14958 ; Gross, unpublished 
data). As bullhead predation strongly affected periph- 
eral males, a ratio of 1:3 for predation at central 
versus peripheral colony sites is a conservative esti- 
mate. 

Although water-column predation cannot be 
quantified for solitary nest sites, the data strongly 
suggest that solitary males suffer more Lepomis preda- 
tion than the average colony male. Peripheral and 
solitary males may not be very different in Lepomis 
predation. However, snails alone consume about 
2340 brood at solitary nests. This represents a 14.5% 
increase in the predation that occurs at peripheral 
sites by snails and Lepomis combined. 

The anti-predation advantage gained from colo- 
nial nesting can be attributed to a decreased 'en- 
counter' rate and 'cumulative defense'. Colonial 
males encountered fewer snails and possibly Lepomis 
by 'swamping' the numerical and functional capabili- 
ties of these predators (Holling 1959; Robertson 
1973). Due to the defensive 'screen' (Loiselle 1977) 
provided by peripheral nests, central males encoun- 
tered still fewer predators. Peripheral males possibly 
suffer relatively higher encounter with bullhead than 
solitary males. The concentrated odor cue from a 
colony may be a strong attractant, and after their 
first contact bullhead seem to adopt special search 
strategies (Treisman 1975). 

Unlike the concentrated mobbing in many birds 
(Lack 1968; Hoog!and and Sherman 1976), there was 
no indication of 'co-operation' among male bluegill 
during group responses. Cumulative defense in blue- 
gill seems to be a passive result of overlapping de- 
fended zones (Fig. 5). Nevertheless, it produced a 
strong effect on Lepomis predation and contributed 
to repulsion of bullhead. It is unlikely that solitary 
bluegill males can defend their brood from bullhead 
attack. 

Synchrony during nesting greatly augmented the 
swamping, screening and cumulative defense, anti- 
predation attributes of coloniality. Synchrony between 
colonies reduced the number of predacious conspecif- 
ics, and synchrony provides males with a 'head-start' 
against snail and bullhead predators. This is described 
by Wiley and Wiley (1980) as a reduction in the re- 
sponse of predators due to a delayed attraction into 
breeding areas relative to nest availability. 

Female bluegill can maximize their benefits from 
male coloniality by preferentially spawning in (1) the 
densest regions of a colony, (2) areas where other 
females are already spawning (during a predation act 
the probability that a given females' eggs are con- 
sumed is inversely related to the number of eggs pre- 
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Fig. 5A, B. Schematic representation of colonial defense in bluegill. 
A Cross-section through a colony and a solitary nest. The cluster 
of lines from each nest represent the strike zone of a parental 
male. Close nesting results in overlapping defended zones and 
group defense. B Top view. Arrows indicate predator approach. 
Solitary males are confronted by predators along a 360 ~ territory. 
This arc of defense is considerably reduced for peripheral males, 
and central males are screened from predators. Encounter rate 
in colonies is also reduced by swamping 

sent from other females), and (3) in synchrony. These 
behaviors have been documented for bluegill (Gross 
1980). 

Evolution of Colonial Nesting 

Solitary breeding is probably the ancestral condition 
in sunfishes (Gross 1980). For  coloniality to evolve, 
the net benefit from group nesting must outweigh 
that of solitary nesting (Alexander 1974). Benefits and 
costs are measured under natural selection by their 
influence on an individual's genetic contribution to 
succeeding generations. A hypothesis for the evolu- 
tion of  coloniality through benefits associated with 
foraging can be rejected for sunfishes since neither 
young nor adults actively feed during the parental 
care period. This is in contrast to the situation in 
many birds (e.g., Crook 1966; Krebs 1974). The hy- 
potheses that coloniality arose under selection for 
population regulation (Wynne-Edwards 1962) or so- 
cial facilitation (Darling 1938) are also unlikely expla- 
nations. Stimulatory effects, restricted to males, prob- 
ably evolve secondarily (Orians 1961 ; Hoogland and 
Sherman 1976), and sunfish do not possess attributes 
for group or trait-group selection (Maynard Smith 
1976; Wilson 1980). 

The present results have shown that a selective 
advantage of  colonial nesting is reduced predation 

pressure on brood. However, no social behavior is 
likely to be without attendant costs (Wilson 1975; 
Hoogland 1979). We noted that clumped nesting (1) 
permitted predation by neighboring males and ripe 
females and (2) concentrated odor cues and probably 
influenced the likelihood of bullhead predation. It also 
makes possible the transmission of fungal disease 
(Hoffman 1967; Carlander 1977). These ' cost '  factors 
are being studied but preliminary results indicate that 
their negative influence on bluegill is very small rela- 
tive to the predation advantages bluegill gain. 

How did coloniality evolve? Males are favored 
by natural selection to maximize their product of 
clutch survivorship and size (number of  matings). As 
the supply of males is not limited (Gross 1980), fe- 
males are free to choose a dispersion that maximizes 
brood survivorship. The benefit of increased clutch 
size through female choice is likely to outweigh male 
mating costs from close nesting (e.g., cuckoldry, 
courtship interference, smaller feeding territories). 
Therefore males will be selected to accept the disper- 
sion pattern largely favored by females. 

A possible scenario for the evolution of sunfish 
coloniality is as follows. In a nonsocial nesting disper- 
sion determined by aggressive territoriality between 
males, females may prefer mating with dispersed 
males because, for example, this reduces brood loss 
through fungal transmission. Under conditions of  in- 
tense predation, however, it could be favorable for 
females to choose males with overlapping territories. 
The antipredation advantages accrued through such 
choice have been demonstrated above. When this oc- 
curs, the aggressive nature of male territoriality would 
be modified through sexual (and natural) selection, 
permitting clumped nesting. (This assumes, of course, 
that female choice outweighs male costs of close nest- 
ing.) Differential reproduction, resulting from posi- 
tion within clumps, would discriminate against isolat- 
ed males and result in male competition for central 
sites. Continuing selection could then give to a social 
organization in which conspecifics are a primary stim- 
ulus in nest site selection, and females are synchron- 
ous spawners. These behaviors characterize the repro- 
duction of bluegill. The evolutionary influences, if 
any, of non-nesting cuckolder males (Gross and Char- 
nov 1980) on colony structure is being considerd else- 
where (Gross, in prep.). 

An interesting comparison to the evolved colonia- 
lity in bluegill is the nonsocial breeding of  sympatric 
pumpkinseed. The proposed evolutionary model for 
social breeding requires that predation pressures be 
significantly reduced to outweigh any costs of close 
nesting. Although Lake Opinicon pumpkinseed were 
exposed to the same predators as bluegill, they did 
not  suffer the same predation pressure. Snails ac- 
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counted for over 50% of bluegill predation, yet pump- 
kinseed were largely unaffected. Pumpkinseed were 
also relatively exempt from bullhead predation. A 
parsimonious explanation can be provided for these 
differences. Pumpkinseed possess morphological and 
behavioral adaptations for feeding on heavy-bodied 
molluscs, while bluegill are morphologically adapted 
to soft-bodied prey such as chironomid larvae and 
cladocera (Carlander 1977; Keast 1978 a). These adap- 
tations allow pumpkinseed to pick up and 'crush' 
their prey, while bluegill 'delicately' protrude the 
mouth for semisuctorial feeding in the water column 
(Keast 1977). As a result of their heavier musculoskel- 
etal system, pumpkinseed probably have superior 
structural 'preadaptations' for brood defense against 
bullhed (see Lauder and Lanyon 1980). Pumpkinseed 
are also behaviorally and morphologically preadapted 
to manipulate and remove snails attempting nest 
entry. Functional differences between sunfish species 
probably play a significant role in determining the 
type and extent of brood predation experienced, and 
ultimately selection for patterns of nest dispersion. 
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