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Abstract - We conducted laboratory experiments which demonstrated that 
three littoral zone fishes differentially selected among three macrophytes 
when seeking refuge from predation. In the presence of a predator (a juvenile 
Micropterus salmoides), mosquitofish (Gambusia holbrooki), sailfin mollies 
(Poecilia latipinna). and dollar sunfish (Lepomis marginatus) displayed dif- 
ferential use of four tank areas containing patches of either Hydrilla verticil- 
lata, Potamogeton illinoensis, Panicum hemitomon, or no plants. Patterns of 
habitat selection, and the consistency of these patterns among replicates, dif- 
fered among the three fishes and among three plant-density treatments - natu- 
ral (each macrophyte presented at its mean field density), equal (all three mac- 
rophytes at the same density), and control (no plants). Selection for H.  verti- 
cillafa by mosquitofish was significant for both the equal and natural treat- 
ments, and thus was not caused by differences in plant density alone. Sailfin 
mollies displayed significant selection for H.  verticillata only in the natural 
plant-density treatments. Dollar sunfish showed less consistent habitat selec- 
tion than either mosquitofish or sailfin mollies. Significant habitat selection 
was not found in the absence of a predator, and there was no evidence for se- 
lection among the tank areas in control treatments. Patterns of habitat selec- 
tion by the three fishes in our laboratory study corresponded to observed habi- 
tat use in Lake Okeechobee. 
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Un resumen en espaiiol se incluye detras del texto principal de este articulo. 

Introduction 

Field studies in lentic environments have revealed 
that certain fishes, or life stages of fishes, are more 
abundant in vegetated than unvegetated habitats 
(Hall & Werner 1977, Werner, Hall & Werner 1978, 
Conrow, Zale & Gregory 1990, Gelwick & Mat- 
thews 1990, Meals & Miranda 1991). This pattern is 
thought to be influenced by differences in food re- 
sources and predation risk between vegetated and 
unvegetated habitats (McIvor & Odum 1988, Rozas 
& Odum 1988, Heck & Crowder 1991). Dense 
aquatic vegetation can reduce predator foraging 
rates, which may lower the mortality rates of fishes 
in vegetated habitats (Savino & Stein 1982, 1989a, 
b, Winfield 1986, Ryer 1988). Additionally, fishes 

vulnerable to predators are able to recognize and se- 
lect between habitats differing in refuge value such 
as areas with and without simulated vegetation 
(Savino & Stein 1989b), areas with differing densi- 
ties of simulated vegetation (Gotceitas & Colgan 
1987, 1990), and areas differing in water depth 
(Devries 1990, Fraser & Gilliam 1992). Fishes can 
also select habitats based on food availability or 
type, and can alter foraging activities in response to 
predators (Holbrook & Schmitt 1988, Gotceitas & 
Colgan 1990, Wildhaber & Crowder 1991). 

Whereas the patterns of fish distribution between 
vegetated habitats and unvegetated habitats and the 
mechanisms influencing these patterns are well doc- 
umented, less is known about the distribution of fish 
among different macrophyte types. We have previ- 
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ously reported significant differences in the abun- 
dance of juvenile and forage fishes among different 
macrophyte types in Lake Okeechobee, Florida 
(Chick & McIvor 1994). Habitat selection may be 
an important mechanism behind these patterns be- 
cause macrophytes can differ in characteristics that 
may be detectable by fishes, such as plant density 
and architecture (Bell & Westoby 1986b, Dionne & 
Folt 1991, Lillie & Budd 1992), water chemistry 
(Frodge, Thomas & Pauley 1990), and availability 
of invertebrate prey (Krecker 1939, Chilton 1990, 
Kornijow & Gulati 1992, Lalonde & Downing 
1992, Paterson 1993). 

We conducted experiments to determine whether 
mosquitofish (Gambusia holbrooki), sailfin mollies 
(Poecilia latipinna), and dollar sunfish (Leponzis 
marginatus) would select among different macro- 
phyte species in a manner that reflected the patterns 
of habitat use that we observed for these species in 
Lake Okeechobee (Fig. 1). Mosquitofish and sailfin 
mollies were used because they were very abundant 
during our field study (Chick & McIvor 1994) and 
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Fig. 1. The percentage of the total catch of Gambusia hol- 
brooki, Poecilia Iatipinnn and Lepomis marginatus in  H.  verti- 
cillata (Hydrilla), P hemitomon (Panicum) and I? illinoensis 
(Potamogeton) in the littoral none of Lake Okeechobee, Florida, 
December 1989 to December 1990. See Chick & McTvor 
(1994) for sampling details. 
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lend themselves well to laboratory experimentation 
(Meffe & Snelson 1989, Winklelman & Aho 1993). 
We used dollar sunfish because their distribution 
patterns differed from those we observed for mos- 
quitofish and sailfin mollies (Fig. 1). 

We examined habitat selection in the absence and 
presence of a predator. Comparing these patterns al- 
lowed us to determine whether predators signifi- 
cantly affected the habitat selection behavior of the 
three fishes. We also examined whether habitat se- 
lection patterns could be attributed solely to plant 
density, and whether the patterns varied among the 
three fishes as was observed in Lake Okeechobee. 

Material and methods 
Experimental animals 

We collected fish by seining on and around boat 
ramps in Lake Okeechobee, Florida, where little 
aquatic vegetation occurred. The sizes of the prey 
fish used were: mosquitofish, 15-34 mm standard 
length (SL); sailfin mollies, 2 2 4 6  mm SL; and dol- 
lar sunfish, 34-58 mm SL. We used juvenile large- 
mouth bass (Micropterus salmoides, 80-120 mm 
SL) for predators. Fish were held in circular 61-cm 
diameter (D) tanks and fed commercial fish food. 
We acclimated fish to laboratory conditions for a 
minimum of 72 h prior to use in experiments. Large- 
mouth bass were starved for 24 h prior to being used 
in an experiment. Water temperature and oxygen 
concentration ranged from 19 to 22°C and 7.4 to 8.6 
mg 0,. I-' respectively. 

Macrop hytes 

Macrophytes used in these experiments (Hydrilla 
verticillatu, Potumogeton illinoensis, and Panicum 
hemitomon) corresponded to the habitats we sam- 
pled in the field (Chick & McIvor 1994). H. verticil- 
luta is a submersed plant with small leaves in 
whorls. I? illinoensis is submersed, with medium- 
sized lance-shaped leaves; and I? hemitomon is an 
emergent grass with round straight stems. To estab- 
lished the plant densities to be used in these experi- 
ments, we sampled macrophytes in Lake 
Okeechobee in June 1991 (Table 1). We took 10 
samples of each species from three areas along the 
western shore of the lake using a 25.4-cm D cylin- 
der. Experimental plants used were collected from 
Lake Okeechobee and ponds in Gainesville, FL. We 
visually inspected and rinsed vegetation to remove 
any potential prey items before use in an experi- 
ment. 

We placed plants in the experimental tanks in a 
manner approximating their typical appearance in 
Lake Okeechobee. Both P. il2inoensi.s and H.  verti- 



Habitat selection by three littoral zone fishes 
Table 1. Average plant densities determined in the field, and the corresponding 
number of plants/disk used in experiments. SD=standard deviation. 

cillata plants extended from tank bottom to the sur- 
face of the water, and whole f? hemitomon plants 
(i.e., both submersed and emergent portions) were 
used. As f! illinoensis rarely grew in the absence of 
Vallisneria americana (a submersed macrophyte 
with long ribbon-like leaves), we included three to 
five K americana plants in the F! illinoensis patches 
used in these experiments. H. verticillata often 
grows at the surface without rooting in the sedi- 
ments, so the H. verticillata patches included three 
to five floating plants above the rooted plants. 

Experimental tanks 

Experiments were conducted in 1.22-m D by 0.91- 
m deep cylindrical tanks filled to a depth of 61 cm. 
To reduce outside disturbance, the area surrounding 
the tanks was enclosed in black plastic sheeting 
from floor to ceiling. Lighting was provided by a 
single fluorescent shop-light (two 40-w bulbs/fix- 
ture) centered 1.5 m above each tank. Black plastic 
sheeting was hung above the light and attached to 
the outside of the tanks just below the tank tops. We 
observed fish through three equally spaced windows 
(61 cm wide x 31 cm tall) fitted into the sides of 
each tank and covered with autoglass tint-film. The 
combination of the tint-film and the lack of lighting 
outside the tanks allowed us to observe fish without 
disturbing them. We divided the bottom of each tank 
into four equal areas (i.e., each comprising 25% of 
the total tank area), including a circular area in the 
center and three areas along the edge. Boundaries 
for the four areas were marked on the bottom of the 
tanks. 

Plants were anchored by wooden clothespins 
glued to circular 29-cm D clay discs. We randomly 
assigned discs containing one of the three plant spe- 
cies to each of the three outer tank sections (a sepa- 
rate species in each area). A blank disc was placed in 
the center area. Plants were only placed in the outer 
three areas because fish are known to orient to the 
sides of tanks (Savino & Stein 1982, Gotceitas & 
Colgan 1987, Devries 1990). Because the outer three 
sections had equal amounts of tank side and window, 
we avoided possible confounding of plant type ef- 
fects with possible artifacts from tank configuration. 

Experimental design 

We examined the habitat selection of the three prey 
fishes under two levels of predation risk (absence/ 
presence of a largemouth bass) in three plant-den- 
sity treatments. The plant-density treatments were 
natural (mean field densities of each species), equal 
(all at the same overall mean density), and a control 
treatment in which the anchoring disks without 

Vegetation field survey means field survey Corresponding 
type (plants. m-*) SD plants per disc 

H. verticillata 759 369 33 
t? hemitomon 533 393 23 
t? illinoensis 553 313 24 
Overall mean 615 370 27 

plants were used (Table 1) .  Control treatments were 
used to assess effects of experimental artifacts (se- 
lection for tank areas, anchoring disks, or acclima- 
tion effects) on the behavior of the prey fishes. We 
used the equal density treatment to determine 
whether habitat selection that might be expressed in 
the natural plant-density treatments could be attrib- 
uted to plant density alone. Each of the plant-den- 
sity treatments was replicated three to four times per 
plant-density treatment for each of the prey fishes. 

At the start of each experiment, we released 10 
individuals of a single prey species into the center of 
the experimental tank. This density falls within the 
range of densities observed for these three species in 
Lake Okeechobee (Chick & McIvor 1994). After a 
10-min acclimation period, the number of fish in 
each of the four sections was recorded. Additional 
counts were made every 10 min for one hour (six 
counts in all). After the first hour, we released a bass 
into the center of the tank (no predator was added in 
control treatments j. After another 1 0-min acclima- 
tion period, the counting procedure for prey fish was 
repeated for a second hour. General behavioral ob- 
servations were recorded throughout the experi- 
ments. Prey fish and the predator were transferred 
from holding tanks to the experimental tank via a 
small plastic container filled with water. 

The second hour of data collection was not 
started until the predator was actively searching for 
prey (i.e. the acclimation period was extended until 
the predator was active ). Experiments were termi- 
nated if the predator was not actively searching for 
prey after 20 min. In general, predators usually be- 
gan to actively search for prey in 10 min or less, and 
the 10 min acclimation periods appeared to be ade- 
quate for the three prey species (i.e. after approxi- 
mately 5 min, the general behavior of the fish re- 
mained relatively consistent over time). 

Prey fish were never used in more than one repli- 
cate, whereas predators were used in multiple repli- 
cates because of the difficulty of collecting adequate 
numbers of juvenile largemouth bass. We randomly 
determined the order in which replicates were run 
(regarding fish species and plant density). After 
each replicate we removed the vegetation and 
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drained the tanks. We conducted this study from 
August through November 1991. 

Data analysis 

Because we counted the number of fish in a tank 
section, the four tank sections were the experimen- 
tal units for this study, and the patches of vegetation 
placed within the tank sections were treatments ap- 
plied to these experimental units. For each replicate, 
raw counts at each 10-min interval were converted 
to proportions, and the mean proportion of prey fish 
in the absence and presence of a predator was calcu- 
lated for each section. To comply with assumptions 
of normality and homoscedasticity, we transformed 
all data to the arcsine of the square root of the pro- 
portion. 

We used multivariate analysis of variance 
(MANOVA) to test for habitat selection differences 
among the prey species and plant-density treatments 
(prey, density, interaction) in the absence and pres- 
ence of a predator. For this experimental design, 
knowing the proportion of organisms in three of the 
four areas mathematically determines the proportion 
of organisms in the fourth section. Therefore, it 
would be inappropriate to conduct the MANOVA 
using all four sections. Because we were interested 
in the responses fishes to the different macrophyte 
types, we formed response vectors from the propor- 
tion of fish in the three sections containing macro- 
phytes (H.  verticillata, /? illinoensis, P hemitomon), 
dropping the center section (plant free). 

Three specific MANOVAs were conducted to ex- 
amine habitat selection: 1) in the absence of a preda- 
tor, 2) in the presence of a predator, and 3) to test for 
differences between these two conditions. Wilk’s 
lambda P-values were used to determine signifi- 
cance (P10.05). When main effects or interactions 
were significant, Hotelling’s T2 was used to further 
test for significance among the levels of the main ef- 
fects. 

To test for habitat selection in the absence of a 
predator we formed a response vector=(hyd-pan, 
hyd-pot, pot-pan); where hyd-pan refers to the dif- 
ference in the proportion of fish in areas containing 
H.  verticillata and the proportion of fish in areas 
containing R hemitomon; hyd-pot refers to the dif- 
ference in the proportion of fish in areas containing 
H .  verticillatu and the proportion of fish in areas 
containing /? illinoensis; etc. We only utilized ob- 
servations made in the absence of a predator for this 
analysis (i.e. data from the first hour). To test for 
habitat selection in the presence of a predator we ran 
the same MANOVA, but only utilized observations 
made in the presence of a predator (i.e. data from 
the second hour). 

To test for shifts in the patterns of habitat selec- 
tion after the introduction of a predator, we formed a 
response vector (hyd-phyd, pan-ppan, pot-ppot); 
where hyd-phyd is the difference in the proportion 
of fish in areas containing H.  verticillatu in the ab- 
sence and presence of a predator; pan-ppan is the 
difference in the proportion of fish in areas contain- 
ing /? hemitornon in the absence and presence of a 
predator; etc. This analysis is similar to, but more 
restricted than, a repeated measures MANOVA. 

Resu I ts 
Habitat selection in the absence of a predator 

Neither the prey nor density main effects were sig- 
nificant, nor was there a significant interaction (Ta- 
ble 2). Thus, we have little evidence from this anal- 
ysis that prey fish selected among the macrophytes 
when a predator was not present in the tank (Fig. 2- 
4, clear bars). 

Habitat selection in the presence of a predator 

In the presence of a predator, the distribution of fish 
among tank areas containing macrophytes differed 
significantly among the prey species (Table 2). Spe- 
cific contrasts (using Hotelling’s T2) revealed that 
the habitat selection of mosquitofish and sailfin mol- 
lies did not differ significantly (P=O. 1334), whereas 
the habitat selection of dollar sunfish was signifi- 
cantly different from both mosquitofish (P=0.0449) 
and sailfin mollies (E0.0299). The preyxdensity 
interaction was also significant, suggesting that pat- 
terns among the plant- density treatments differed 
among of the three prey fishes (Fig. 2-4). The pat- 
terns of habitat selection in each of the plant-density 
treatments are described for each of the prey species 
below. 

Differences in habitat selection patterns in the presence 
and absence of a predator 

Jn this analysis, both the prey and density main ef- 
fects were significant, as was their interaction. Spe- 

Table 2. Results from the MANOVAs examining habitat selection in the 
absence and presence of a predator, and testing for differences between these 
two conditions. 

MANOVA 

P P P 
Source df No predator With predator Differences 

Prey 4 0.7067 0.0231 0.0341 
Density 4 0.2928 0.2497 0.0237 
Prey x density a 0.6860 0.0489 0.0028 
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Fig. 2. Mean proportion of Gambusia holbrooki in the four tank 
areas, both without a predator (clear bars) and with a predator 
(dark bars), in the three plant-density treatments. Error bars are 
1 Standard error above the mean. Hyd = tank areas with H. ver- 
ticillata, Pan=tank areas with P. hemitomon, Pot=tank areas 
with I? illinoensis. Asterisks denote shifts (predator absent vs. 
predator present) that were significant at the a=0.05 level. 

cific contrasts revealed that behavior of the prey 
species in control treatments differed significantly 
from the natural plant-density treatments 
(P=0.0103), but was not significantly different from 
equal plant-density treatments (P=0.2076). The 
equal and natural plant-density treatments also did 
not significantly differ ( E O .  1 116). These contrasts, 
however, were somewhat obscured because the dif- 
ferences among the plant-density treatments were 
not consistent across all three prey species. 

Mosquitojish. When a predator was present in the 
natural and equal plant-density treatments, the pro- 
portion of mosquitofish increased significantly (P= 
0.0499, 0.0047) in areas that contained H.  verticil- 
Zatu, and decreased significantly (P=0.0204,0.0042) 
in areas that contained l? hemitoman (Fig. 2) .  Mos- 
quitofish displayed no selection for any of the tank 
areas in control experiments. In the equal and natu- 
ral plant-density treatments the mean number of 
mosquitofish consumed by largemouth bass were 
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Fig. 3. Mean proportion of Poecilia latipinna in the four tank 
areas, both without a predator (clear bars) and with a predator 
(dark bars), in the three plant-density treatments. Error bars are 
1 Standard error above the mean. Hyd=tank areas with H. verti- 
d a t a ,  Pan=tank areas with F! hemitomon, Pot=tank areas with 
F! illinoensis. Asterisks denote shifts (predator absent vs. preda- 
tor present) that were significant at the a=O.05 level. 

2.57. This amount of mortality could theoretically 
account for a significant decrease in the proportion 
of mosquitofish in areas containing I? hemitomon, 
but could not account for a concurrent increase in 
the proportion of mosquitofish in areas containing 
H. verticillutu. Because the patterns of habitat selec- 
tion were similar in both the equal and natural plant- 
density treatments, mosquitofish habitat selection 
cannot be attributed solely to plant density. 

DoEZar sunfish. Dollar sunfish displayed no selec- 
tion for any of the tank areas in control treatments, 
and displayed no significant habitat selection in nat- 
ural plant-density treatments. In equal plant-density 
treatments, the presence of a predator led to signifi- 
cant (P=0.0477) decreases in the proportions of dol- 
lar sunfish in areas containing l? hemitornon, and in- 
creased proportions in areas containing R illinoensis 
that approached significance (k0.0583, Fig. 3). 
These shifts cannot be attributed to plant density be- 
cause they occurred in the equal plant-density treat- 
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Fig. 4. Mean proportion of kpornis marginatus in the four tank 
areas, both without (clear bars) and with (dark bars) a predator, 
in the three density treatments. Error bars are 1 standard error 
above the mean. Hyd=tank areas with H. verticillata, Pan=tank 
areas with l? hemitomon, Pot=tank areas with I? illinoensis. As- 
terisks denote shifts (predator absent vs. predator present) that 
were significant at the a=0.05 level. 

ment. Differential mortality cannot account for 
these shifts, as only one dollar sunfish was con- 
sumed in all of the equal plant-density treatment 
replicates. 

SaiZjn mollies. Sailfin mollies displayed no selec- 
tion for any of the tank areas in control experiments, 
and displayed no significant response to predator 
presence in equal plant-density treatments. In natu- 
ral plant-density treatments, the presence of a preda- 
tor led to significantly (P=0.0075) increased propor- 
tions of sailfin mollies in areas containing H.  verti- 
cillatu (Fig. 4). An average of 1.75 sailfin mollies 
were consumed in the natural plant-density treat- 
ments, which cannot account for the significant in- 
creases in areas containing H. verticillata. Because 
habitat selection was not significant in the equal 
plant-density treatments, we cannot reject the hy- 
pothesis that the patterns of habitat selection ob- 
served in the natural plant-density treatments were 
based solely on plant density. 
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Fig 5. Mean proportion of prey fish in the four tank areas for 
treatments in  which significant habitat selection occurred 
Counting penods 1-6 occurred in thc absence of a predator, 
whereas counting periods 7-12 occurred in the presence ot a 
predator. 
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The significance of the interaction terms in the 
MANOVA's discussed above was influenced by the 
fact that none of the three prey fishes selected habi- 
tats (i.e., selected among tank areas) in the control 
treatments. The three prey fishes also responded dif- 
ferently to the natural and equal plant-density treat- 
ments. In response to predator presence, mosqui- 
tofish displayed significant shifts in habitat selection 
in both the natural and equal plant-density treat- 
ments, whereas sailfin mollies only displayed habi- 
tat shifts in the natural plant-density treatments and 
dollar sunfish only displayed habitat shifts in the 
equal plant-density treatments. 

Discussion 

In general, when the three prey species displayed 
significant macrophyte-specific selection in re- 
sponse to predator presence, the patterns of habitat 
selection were similar to the patterns of habitat use 
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equal and natural plant-density treatments may re- 
flect the relatively small range of plant densities ex- 
amined in this study and insufficient time for fish to 
acclimate and respond to these differences. Never- 
theless, the fact that mosquitofish and dollar sunfish 
showed selection in the equal plant-density treat- 
ment suggests that vegetation characteristics other 
than plant density may also be important to the hab- 
itat selection of fish avoiding predators. 

For example, recent studies have shown or hy- 
pothesized that plant growth form or architecture 
can significantly affect the foraging ability of fish 
and may be a useful index of habitat quality (Ryer 
1988, Dionne & Folt 1991, Lillie & Budd 1992). 
Growth forms of the three vegetation types used in 
this study exhibited obvious differences. In addition 
to differences in the size and distribution of leaves, 
canopy branching of H. verticillata offers more 
cover near the surface than either P. illinoensis or P 
hemitomon. In our study, mosquitofish and sailfin 
mollies generally hid in H.  verticillata patches near 
the surface when in the presence of a predator, ap- 
parently taking advantage of the surface cover that 
H. verticillata provides. 

In the equal plant-density treatments, dollar sun- 
fish generally stayed in F! illinoensis patches at mid- 
depth or near the bottom. The habitat preferences of 
dollar sunfish, however, were not as consistent as 
those of sailfin mollies and mosquitofish. One possi- 
ble explanation is that the larger size of these fish 
made them less vulnerable to the predators used in 
these experiments. Indeed, fewer dollar sunfish 
were consumed during these experiments (0-1 per 
replicate) than either mosquitofish or sailfin mollies 
(1-4 per replicate). 

All three prey species demonstrated some level of 
macrophyte-specific habitat selection in response to 
the presence of a predator. Our results are consistent 
with the premise that fish have the ability to select 
among a variety of different habitat types (Bell & 
Westoby 1986a, Gotceitas & Colgan 1987, 1990, 
Holbrook & Schmitt 1988, Savino & Stein 1989b, 
Devries 1990, Wildhaber & Crowder 1991), and 
that predation can have important effects on fish be- 
havior (Stein 1979, Helfman 1986, Kerfoot & Sih 
1987, Heck & Crowder 1991). Conversely, in the 
absence of a predator, little habitat selection was ap- 
parent. 

In nature, several factors other than predation risk 
might lead to differential use of, and selection for, 
different macrophyte types by fishes. Aquatic mac- 
rophyte species may differ in the abundance of im- 
portant prey items of fish such as macroinverte- 
brates (Krecker 1939, Chilton 1990, Kornijow & 
Gulati 1992, Lalonde & Downing 1992, Paterson 
1993), and may affect several water quality parame- 

observed in Lake Okeechobee (Fig. 1). In Lake 
Okeechobee, mosquito fish and sailfin mollies were 
captured most frequently in H. verticillata, whereas 
dollar sunfish were most frequently captured in P. il- 
linoensis. This corresponds to the patterns of habitat 
selection that we observed in the presence of a pred- 
ator (Fig. 2-4, dark bars). Our results suggest that 
patterns in the abundance and composition of fishes 
among the different macrophytes, such as those ob- 
served in Lake Okeechobee, may be influenced by 
habitat selection in response to predation risk 
(Chick & McIvor 1994). 

The lack of selection in the control treatments in- 
dicates that there were minimal experimental arti- 
facts (i.e., inherent differences among the outer tank 
areas) affecting the distribution of fish in the tank, 
and negligible behavior towards the clay discs used 
to anchor plants. We concluded, therefore, that the 
habitat selection in the equal and natural plant- den- 
sity treatments can be attributed to the presence of 
the macrophytes rather than experimental artifacts. 

Control treatments were designed primarily to as- 
sess any effects due to experimental artifacts. Be- 
cause macrophytes were not present in control treat- 
ments we cannot state unequivocally that the habitat 
selection observed during the second hour would 
not have occurred in the absence of a predator. Nev- 
ertheless, the presence of an active predator had ob- 
vious effects on the behavior of the prey fishes. 
When no predator was present, fish freely explored 
all areas of the tank (Fig. 5 ,  counting periods 1-6). 
The presence of an active predator changed this be- 
havior as fish quickly sought cover within the 
patches of vegetation (Fig. 5 ,  counting periods 7- 
12). Fish generally avoided spending time away 
from cover and remained relatively motionless in 
the patches so long as the predator was actively 
searching for prey. Given these behavioral changes, 
it is unlikely that the macrophyte-specific selection 
of the three prey fishes was unrelated to the pres- 
ence of a predator. It is possible, however, that fish 
may have eventually displayed significant habitat 
selection in the absence of a predator if they had 
been observed over a longer time period. 

Differences in the behavior of fish between the 
natural and equal plant-density treatments were not 
consistent among the three prey species. Mosquito 
fish differentially selected among the macrophytes 
in both the natural and equal plant-density treat- 
ments, whereas sailfin mollies only displayed selec- 
tion in the natural, and dollar sunfish only in the 
equal plant-density treatment. Other studies have 
found plant density to be an important factor affect- 
ing the habitat selection of fish (Bell & Westoby 
3986b, Gotceitas & Colgan 1987, 1990). The lack 
of consistent behavioral differences between the 
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ters (Barko et al. 1988, Frodge et al. 1990). In this 
study, we attempted to exclude potential prey items 
from the patches of macrophytes used, and no mea- 
surable differences in either temperature or dis- 
solved oxygen (measured in a subsample of the ex- 
periments) were apparent among the patches of dif- 
ferent macrophytes. Thus, the lack of habitat selec- 
tion in the absence of a predator might simply re- 
flect the absence of any factors, other than predation 
risk, that could have provided the impetus for habi- 
tat selection. 

Non-lethal effects of predators on fish popula- 
tions and communities have become an important 
research topic (Fraser & Gilliam 1992, Winkelman 
& Aho 1993). Our study suggests that small forage 
fishes may be able to select among different macro- 
phytes when confronted with predation risk. This 
behavior could have important consequences for 
several other processes, including changes in the 
rate of cannibalism (Winkelman & Aho 1993), 
growth and reproduction (Fraser & Gilliam 1992), 
and interspecific and intraspecific competition (Mit- 
telbach 1986, 1988). 

Resumen 
1. Realizamos experimentos de laboratorio que demostraron 
que tres especies tipicas de litoral seleccionaron entre tres 
macr6fitas distintas en la busqueda de refugio ante la presencia 
de un predador. En presencia del predador, juvenil de Mi- 
cropterus salmoides, Gamhusia holbrooki, Poecilia latipinnu y 
Lepomis marginatus, utilizaron de forma distinta cuatro zonas 
de tanques que o bien no contenian vegetaci6n o bien contenian 
Hydrilla verticillata, Potamogeton illinoensis 6 Panicum hemit- 
omon. 
2. Los patrones de selecci6n de habitat, y la consistencia de es- 
tos patrones entre las repeticiones experimentales, fu6 distinto 
tanto entre las especies como entre 10s tres tratamientos realiza- 
dos en condiciones de distintas densidades de vegetacibn. Estas 
condiciones de densidad de vegetaci6n fueron las siguientes: 
natural (cada especie macrdtita con la misma densidad que en 
condiciones naturales), en equilibrio (las tres especies con la 
misma densidad), y control (sin vegetacibn). 
3. Gambusia holbrooki seleccion6 a H. verticillata de forma sig- 
nificativa, tanto en condiciones de equilibrio como naturales, 
mientras que F? latipinnu s610 mostrd selecci6n significativa ha- 
cia H. verticillata en condiciones naturales. Por liltimo, L. mar- 
ginatus mostr6 una selecci6n menos consistente que G. hol- 
brooki y P. latipinna. No se encontr6 selecci6n de hiibitat ni en 
ausencia de predador ni en 10s tratamientos control. 
4. Los patrones de seleccion de habitat en nuestro estudio se cor- 
responden con el uso de habitat observado en las poblaciones 
naturales del Lago Okeechobee (Florida, USA). 
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