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Abstract Seagrass meadows are often important hahkidimited food resource appears to be more effectively
tats for newly recruited juvenile fishes. Although suhsilized by fish in vegetated than in unvegetated habi-
stantial effort has gone into documenting patterns of &ats, we hypothesize that pinfish recruits may select veg-
sociation of fishes with attributes of seagrass beds, exated habitats because high growth rates allow them to
perimental investigations of why fish use seagrass hafthieve a size that is relatively safe from predation more
tats are rare. We performed two short-term manipulatigeickly.
field experiments to test (1) the effects of food supply
on growth and densities of fish, and (2) effects of predkey words Seagrass - Recruitment - Predation - Food
tion on the density and size distribution of fish recruitBmitation - Lagodon rhomboide:s
and how this varies among habitat types. Experiments
were conducted in Galveston Bay, Texas, and we fo-
cused on the common estuarine fish, pinfislgodon Introduction
rhomboides.In the first experiment, replicate artifical
seagrass and sand plots were either supplemented wité histories that include distinct stages of varying dis-
food or left as controls. Recruitment of pinfish was sigersal abilities are ubiquitous among diverse animal
nificantly greater to seagrass than sand habitats; howea. Many marine invertebrates and fishes produce
er, we detected no effect of food supplementation on tighly dispersive planktonic larvae while adults usually
abundance of recruits in either habitat. Pinfish recruéghibit only localized or no movement (Sale 1980;
in artifical seagrass grew at a significantly faster rafughgarden et al. 1988). Because currents can advect
than those in sand habitats, and fish supplemented wib larvae of marine species great distances from their
food exhibited a greater growth rate than controls jatal site, the supply of new recruits to local populations
both sand and artifical grass habitats. In our second g¥y be decoupled from reproductive output at that site.
periment, we provided artificial seagrass and sand hajpi-such “open” populationss€nsuCaswell 1978) vari-
tats with and without predator access. Predator accgbR recruitment may, therefore, have profound conse-
was manipulated with cages, and two-sided cages seryadnces for the size or dynamics of populations (e.g.,
as controls. Recruitment was significantly greater to ti®ines et al. 1985; Victor 1986; Doherty and Fowler
cage versus cage-control treatment, and this effect d@b4). In order to understand what determines the size or
not vary between habitats. In addition, the standadgnamics of marine populations, ecologists must ascer-
length of pinfish recruits was significantly larger in theain the mechanisms producing variation in recruitment
predator access than in the predator exclusion treatmeihfe addition of individuals from the larval to the adult
suggesting size-selective predation on smaller settlersabitat), and the degree to which initial patterns of re-
density-dependent growth. Our results indicate that teiitment are altered by post-recruitment mortality.
impact of predation on pinfish recruits is equivalent in Understanding the causes and consequences of vari-
both sand and vegetated habitats, and thus differengible recruitment has been a major focus of workers on
predation does not explain the higher recruitment of pimrarine fishes for the last two decades. Some populations
fish to vegetated than to nonvegetated habitats. Simgdishes appear to be strongly influenced by variable re-
predators may disproportionately affect smaller fish, ageLitment such that population size and dynamics re-
, , flects spatial and temporal variability of recruitment
B- Levin () - R. Petrik - J. Malone (Doherty and Williams 1988). This phenomenon, called
epartment of Marine Biology, b . T
Texas A&M University —Galveston, P.O. Box 1675, recruitment limitation”, has been demonstrated repeat-
Galveston, TX 77553-1675, USA edly in some coral reef fishes (Williams 1980; Doherty
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1983; Victor 1983, 1986; Doherty and Fowler 1994). Ré&: Does food supply limit the number or growth rates of
cruitment limitation was originally proposed, and contin- fish recruits in different habitats?

ues to be interpreted, as a hypothesis that predicts @aPoes predation determine the number or size structure
terns of abundance within and not among habitat type®f fish recruits and does the effect vary in different
(Doherty 1996). Thus, workers testing recruitment limi- habitats?

tation control for microhabitat variability. However, vari-

ability in habitat structure can affect the efficiency, effec-
tiveness or selectivity of predators (Heck and Thomtethods

1981; Crowder and Cooper 1982; Werner and Gilliam ] ]
1984; Sih et al. 1985). In addition, habitat differencééudy site and species

may affect competitive interactions (Jones 1988), thRid experiments were conducted in East Lagoon at the eastern-
abundance of food resources (Levin 1994), or the abilityst end of Galveston Island, Texas, United States (29720

to procure food (Nelson 1979; Heck and Thoman 198#°44W). This lagoon is 1.6 km long,. 0.48 km wide and has a

; i iaximum depth of 4.6 m. Seven 0.92-m cement culverts connect
Stoner 1982). Fully understanding what limits or gen%}ast Lagoon to the Galveston Ship Channel which runs from the

ates change in fish populations requires that we examif of Mexico into Galveston Bay. Although seagrasses were
the role of recruitment variability within the mosaic ofnce widespread in Galveston Bay, including East Lagoon, areal
habitats occupied by fish (Levin 1983). coverage of seagrasses has decreased 90% from peak levels (Pul-

Seagrass meadows constitute one of the major gfd-and White 1991), and no natural seagrass habitats presently
cur in East Lagoon. This allowed us to establish artifical sea-

genic hab'tats_ In marine and_ estuarine systems Worgﬁéss beds with desired characteristics without the confounding ef-
wide and are inhabited by a diverse and abundant assf@is of nearby natural beds. The intertidal edge of the lagoon is
blage of fishes. Both attributes of the seagrass habitatsh habitat dominated b§partina alterniflora Experiments
(e.g., Robbins and Bell 1994; Irlandi et al. 1995; Irlan¥gre Sittulatedt_gs m from the marsh edge in an average depth of
1996) and recruitment of fishes (e.g., Adams 1976; Or %Tjraexovgrilrnghts focused on pinfisagodon rhomboidedin-

and Heck 1980; Stoner 1980a, 1983; Bell and WestoRy are szundant in estuariespfrom %:ape Cod to Florida and
1986, Sogard et al. 1987; Worthington et al. 1992) aheoughout the Gulf of Mexico to the Yucatan Peninsula (Darcy
highly variable in space and time. Fish may recruit {985). Pinfish generally spawn in offshore waters in late fall

; ough early spring (Hildebrand and Cable 1938), with a peak in
seagrass beds because the complex habitat offers th | E\ary and February (Hoss 1974). Settlement occurs after a pe-

refuge from predation (reviewed by Heck and Orth 198Hgic |arval life ofc. 46 weeks when fish reach about 12 mm
Orth et al. 1984). Alternatively, habitat selection (Lebetandard length (SL) (Darcy 1985). Pinfish juveniles are common
1985; Bell and Westoby 1986) or migration (Sogard vegetated areas such as seagrass beds (e.g., Adams 1976; Nel-
1989) may be the proximate cause of fish (or decapigg} 1979; Stoner 1980a; Sogard et al. 1987), algal beds (Hyle

. ? . o . 6) and marshes (Minello et al. 1994). At the end of their first
relationships with seagrass. In addition, many fishes cQfjimer, juveniles move to deeper waters, often offshore (Wein-

sume seagrass-associated invertebrates, epiphytes onsg&@@et al. 1977). Prior to this offshore movement juveniles appear
grass, or the seagrass itself (Stoner 1982; Luczkovichoebe quite site-attached and do not undergo large-scale move-
al. 1995); consequently, fish may also respond to vgRents (Darcy 1985). As adults, pinfish occur in a variety of habi-

e . s, but show a preference for vegetated habitats (Darcy 1985).
ability in macrophyte-associated food resources (Le\}FH Pinfish diet changes with age. Newly recruited fish are carniv-

1994)- ) ) ) orous feeding mostly on zooplankton as well as amphipods (Ston-
Differences in larval supply or selection of habitats at 1980b; Luczkovich et al. 1995). Older juveniles (40-120 mm
the time larvae leave the plankton for their demersal ﬁj_) are omnivorous and consume a variety of invertebrates, algae

; ; ot . seagrass (Livingston 1980; Stoner 1980b; Luczkovich et al.
venile habitat can also produce an association of fis 5). Adults are omnivorous with broad food habits (Adams

with seagrass meadows (Bell and Westoby 1986). Thye) but as they increase in size, the importance of plants in
idea emphasizes the role of recruitment variability andttigir diet increases (Darcy 1985).
in sharp contrast to ideas that fish-seagrass relationships
are the result of post-recruitment processes such as PIe-os ff | infish .
dation. Recruitment patterns can be modified or reifag cices © ood supply on pinfish recruitment
- P Ehd growth in varying habitats
forced by post-recruitment processes, and thus, experi- _
ments examining both recruitment and post-recruitmeiat test the null hypothesis that food supply does not affect the

; indance or growth of newly settled pinfish, we conducted an ex-
processes may be required to fully understand the m iment in which we manipulated food supply in sand and sea-

anisms producing patterns of fish abundance (Hixgfiss habitats. A complete randomized block design with two
1991; Jones 1991). Few field experiments in this Vveixed factors, habitat type and food supplementation, was used for
have been conducted on seagrass fishes (but see Belltkisigxperiment. Experimental plots within blocks were 8 m apart
Westoby 1986; Bell et al. 1987; Sogard 1989), and tHif¥l blocks were >10 m apart.

. . . On 20 February 1996, experimental plots (3, m=20) were
many of our conclusions about the dynamics of fish paRigned to either a sani00) or seagrass€10) habitat. To re-

ulations in seagrass beds are based on correlative studigs. possible variability in demographic processes due to differ-
In this study our goal was to experimentally manipula¢eces in seagrass structure, we employed standardized artificial

habitat type, food supply, and levels of predation agﬁgrass habitats. These structures provide replicates of habitat
: . ’ : o ich are close to the natural habitats of seagrass fishes. Artificial
examine their effects on r_e_crU|tment’ post-recruitme, grass habitats have previously been used with great success by
mortality, and growth. Specifically, we asked these quegany workers (e.g., Bell et al. 1987; Sogard 1989). Artificial sea-
tions: grass habitats (hereafter referred to as “grass”) consisted of?a 1-m
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PVC frame (1.3 cm diameter) which was strung with monofilar=80). Otolith distances were converted to daily growth rates
ment forming a grid with 576 points. At each intersection, greémm SL day?) using the following equation generated from a re-
ribbon (16 cm tallx5 mm wide), was woven into the monofilamegression of otolith diameter on fish length:
base creating a “seagrass” patch with 576 shoots and 2 leave ro._ I
shoot. The ribbon did not become excessively fouled and remaﬁﬁﬁt&v"th'[(om“th distance+0.0434)/0.0208)/7
buoyant for the duration of our experiments. Sand habitats wgve used a blocked two-factor analysis of variance to test the hy-
simply bare substratum. To ensure that the PVC frame with oplythesis that growth rates did not vary among habitat or food sup-
the monofilament grid did not attract fish in greater numbers thplementation treatments.
bare sand, we performed a preliminary experiment in which we
compared pinfish recruitment to bare substrate, PVC frames with
only a monofilament grid, and PVC frames with ribbon attachegffects of predation on recruitment of pinfish to varying habitats
We detected no difference between bare sand substratum and the
PVC frame (Tukey's HSDP=0.22, n=10); consequently, in the To test the null hypothesis that predators do not affect the abun-
experiments reported here, we used only bare sand rather thaarce of pinfish recruits in sand or “grass” habitats, we used cages
bare PVC frame for control plots. to manipulate predator access to experimental plots. As in the first
In the center of each experimental plot, a feeding tube (7.5 eRperiment , we created ten sand and ten artificial seagrass experi-
diameter PVC pipe) was suspenared5 cm above the substratummental 1-m plots. On 18 March 1996 an unusually low tide ex-
by attaching it to a 1.3-cm-diameter PVC pipe driven into the segbsed all our habitats to air and thus no pinfish or their predators
ment. Supplemental food was added to half of the sand and “grgasdstly blue crab€allinectes sapidyswere present in our plots.
replicates (i.e., five sand and five grass habitats received food). Oethis date, we erected £r(2x2x1 m) cages (25 mm mesh)
supplemental food was 200 g of fish flesh that was put in a blendesund half of the replicates of each habitat treatment. The other
with 300 ml of water and blended to produce plankton-sized patalf of the replicates were surrounded with cages missing two
cles (Forrester 1990). The processed fish was placed in ice csides. Preliminary experiments demonstrated that recruitment of
trays and frozen. Each cube of food provided 11.8 g of planktgsinfish to plots without cages did not differ from plots with cages
sized fish particles. One cube was added to appropriate replicaigssing two sidesH, ;;=1.97,P=0.19). Therefore, given the logis-
daily from 23 February to 3 March 1996 by dropping them into thieal difficulties in producing additional artificial seagrass plots we
top of the feeding tubes. As the cubes thawed, a stream of partiglsted to run this experiment with cages and cage controls, but
bathed the habitat for 5-15 min. Observations both in the field amighout a no-cage treatment. Experimental plots were positioned
laboratory indicated that pinfish readily consumed this food. Cdn-a completely randomized block design with 8 m between repli-
trol plots received an ice cube without food added to it. cates within blocks and 10 m between blocks. The large mesh of
The experiment was terminated on 4 March 1996 by samplihg cage permitted newly recruited pinfish to move freely in and
pinfish recruits on each of the replicates. Densities of recruits weift of the cage walls, but fish and decapod predators >25 mm in
quantified using drop samplers modified from the designs of Zimmallest dimension were excluded. Because very young pinfish do
merman et al. (1984) and Fonseca et al. (1990). The drop samigrappear to undergo extensive movements (Darcy 1985), differ-
consisted of a 1-m3 (1x1x1 m) enclosure constructed of 9.5 ramices between cage and cage control treatments are likely due to
diameter rebar covered with taut 2-mm nylon mesh on four sidéferences in mortality rather than migration.
The net was dropped over the experimental plot and a large dip nefThe experiment was terminated on 25 March 1996 (after
(90x100 cm) was used to remove fish from the drop sampler. Dipplays) by sampling pinfish recruits on each replicate using drop
samplers were considered adequately sampled when five passeamiplers as described above. Because data were not normally dis-
the dip net no longer yielded fish (Fonseca et al. 1990). After swhbuted and variances were not homogeneous even after transfor-
jecting the data to aR-max test to ensure homogeneity of varimation, these data were analyzed using a nonparametric two-fac-
ances, a blocked two-factor analysis of variance was used to testinalysis of variance (Zar 1984).
the hypothesis that abundances of recruits did not vary among
habitat or food supplementation treatments.
Five fish from each treatment within each of four blocks were
haphazardly selected for subsequent analysis in the laboratBgsults
These 80 fish were measured to the nearest 0.1 mm (SL) using an
image analysis system (Optimas 4.0). Otoliths were removed fr infi i
fish following the procedures of Secor et al. (1991) and storedqme e;feCtS of _fOO?] sgl_pply on pinfish recruitment and
immersion oil for at least 1 week. We then aged fish to the day %WWt In varying habitats
enumerating daily growth rings on lapillar otoliths using Optimas
4.0. We did not experimentally verify the existence of daily incrRecruitment of pinfish was a significant >300% greater

ments; however, daily increments occur in this family (e.g., Fragy “grass” than to sand habitats, ( =45.71,P<0.001).
cis et al. 1993), and the size-at-age data we generated arergfél captured an average of 1831’52_(SE:2:3> 3) pinfish re-

within what would be expected if rings were deposited daily =, 9 A -
(Darcy 1985). Each otolith was examined independently threElits per 1 rd plot in “grass” habitats versus 56.9

times. If two of the three counts were not identical then that fi§8E=8.6) in sand habitats (Fig. 1). However, we detected
was removed from the analysis. When two of the counts agregg, effect of food supplementation on the number of pin-

then we used that count as a datum. We then compared gr He ; ; - —
rates integrated over the life of fish from each of the treatments recruits in either habitaf{,,=0.46, P=0.51). We

comparing the slopes of the length-age regression lines using af© detected no significant effects of the interaction be-
ysis of covariance. tween habitat and food supplementatidf (=0.099,
We examined differences in growth rates in more detail usif=0.76) or the blockR, ;,~=0.58,P=0.69). Overall, pin-

otolith microstructure. Because the diameter of pinfish otolit it : - ; 2
was correlated with pinfish length=0.78,n=80), we used otolith ff%h densities averaged 126.6 (SE=17.8) fish perz1 m

measures as a proxy for fish size. We measured the distance ff in the food addition plots and 113.9 (SE=14.1) fish
the edge of the otolith to seventh ring from the edge. Consequdi@r control plot (Fig. 1).

ly, we measured fish growth during 7 days (26 February-3 March Pinfish recruits in both food supplementation treat-
1996) while some experimental plots were receiving supplememigbnts were a significant 9% larger in “grass” versus

food and others were not. Growth rates of fish vary with age; how- : — _ =
ever, a regression analysis of the width of the last seven growth ﬁ-nd habitatsHy 75=6.57,P=0.01; Fig. 2). However, we

crements and age indicated that for the restricted age group w cted no difference in the age of fish between the two
amined here, growth rate was not related to e&®(001,P=0.88, habitats E; ,~1.70, P=0.20; Fig. 2) because growth
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Fig. 1 Pinfish densities (mean+1 SE) in Ziyvare sand and artifi- Fig. 3 The relationship between the age of pinfish and their SL in
cal seagrass'drass”) habitats with and without food supplemensand and artifical seagrass plots wittiopd) and without supple-
tation. P values are from a blocked two-factor analysis of varianceental food. Analysis of covariance showed that the slope of the
andn is the number of replicates of each treatment combiration age-length regression line did not differ between food supplemen-
tation and control plotsk ,~0.125,P=0.725), but the slope of
the age-length regression line was greater for fish in grass than in

17.5] sand habitatsH; ,~8.321,P=0.005). Regression lines are shown
£ for the pooled food supplementation and control treatments in
g o both grassdashed lingand sanddplid line) habitat::
£
2 16.5° o
E .§ 0.450" [] sand
S 16.0- g ] "grass"

5 < Habitat P = 0.09
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Fig. 2 The standard length (SL) and age (mean+1 SE) of pinfish % :\ 1

in 1-n? bare sand and grass ploB.values are from a blocked = .

two-factor analysis of variance, and data from control and food ad- <

dition treatments are combined together since this factor was not o 0400

significant in the analysisyis given at the base of eabhr o

rates differed between habitats. Analysis of covariance | o

revealed that the slope of the length-age regression line 0375 | L | el

was greater in the “grass” than in sand habitats (Fig. 3). control food addition

Analysis of covariance found no difference in growth o _
rates of fish on plots that were supplemented with fob§- 4 The growth rate (mean+1 SE) of pinfish as determined by

; - an analysis of otolith microstructure in 2tpare sand and artifi-
and those of controls (Fig. 3). Thus, for fish that were cal seagrass'drass”) habitats with and without food supplemen-

6-14 weeks old, 10 days of food supplementation Wagon. P values are from a blocked two-factor analysis of variance,
not manifested as differences in growth over the life afdnis given at the base of eabhr

the fish.

When we used the technique to examine differences
in growth rates only during the those days when we werel plots (Fig. 4), but this difference was not significant
supplementing food, there was a clear and significant @, ;,,~2.94,P=0.09). Additionally, the interaction of the
fect of food addition on growth rates (Fig. 4). Growtfood addition treatment with habitat type was not signifi-
rates averaged 0.42 mm SL d&in plots receiving sup- cant ¢, ;~0.79,P=0.38) suggesting that habitat type did
plemental food, but averaged significantly legsot directly affect the ability of fish to procure the added
(0.40 mm SL day) in control plots k;,~5.67, food. The effect of the block was highly significant
P=0.02). Using this technique, we also observed th&, ;~4.86, P=0.002), indicating that the growth rates
growth rates tended to be greater on “grass” versus care spatially variable.
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300 | ] sand ] both the sand and “grass” habitats, as is evidenced by the
"grass" lack of a significant habitat-predator exclusion interac-

| Habitat P <0.05 tion in the analysisH=2.52,P>0.05).

We also examined differences in pinfish length among

200

o sand and “grass” plots with and without predator access.
E ’ As in the food supplementation experiment, fish were
2 ‘ larger in the “grass” compared to sand habitat (Fig. 6,
a F151727.44,P<0.001). In addition, the SL of fish aver-

9 100 - aged a significant 1.2 mm greater in the control than in

predator exclusion treatments (Fig. &, 5,76.55,
P=0.01). The interaction between the habitat and preda-
tor access was not significank,(;~1.277, P=0.26);
. \ however, there was a significant block effd€f {=3.75,
o T P=0.03).

control  predator exclusion

Fig. 5 Pinfish density (mean+1 SE) in 12rbare sand and artifi- ; .
cal seagrass'‘drass”) habitats that were either fully caged witrp'scuss'on

25-mm mesh (predator exclusion) or surrounded by a two-sided

cage control (control). P values are from a nonparametric analyBf$ects of predation on the distribution,

of variance, and is the number of replicates of each treatmeRfhundance and size frequency of recruits
combinatior:

Although predation is often hypothesized to be an impor-

[ ] sand tant process determining the distribution of seagrass fish-
[ "grass"” es (reviews by Heck and Orth 1980; Orth et al. 1984),
Habitat P <0.001 experimental evidence supporting this hypothesis is

Predator P =0.01

Ny sparse. Manipulative field experiments by Bell and col-

leagues (Bell and Westoby 1986; Bell et al. 1987) sug-
gest that at small spatial scales (meters) habitat selection
rather than predation is the leading determinant of fish
distributions. Our results are consistent with this hypoth-
esis. We invariably found more pinfish recruits in “grass”
than in sand habitats. Moreover, the effects of predation
did not vary between sand and “grass” habitats. If preda-
tion produced the pattern of greater fish density in
“grass” than sand habitats, then one would predict a
- greater effect of predators in sand than “grass” habitats,
control  predator exclusion as shown by Summerson and Peterson (1984). This pre-
. - diction was not fulfilled. If fish were restricted to “grass”
Fig. 6 The standard length (mean+1 SE) of pinfish collected fro : . . :
1-?“2 plots of bare sandgor :Slrtifical seag?asspthat were either ful bitats In an effort to avoid predation, then one would
caged with 25 mm mesipredator exclusiopor surrounded by a also predict that the effects of predators would be greater
two-sided cage controténtrol). P values are from a blocked two-in sand than “grass” habitats. Thus, the much higher re-
factor analysis of variance, andefers to the number of fish mea-cryitment of pinfish to “grass” than sand patches and the
sured within each treatment combina‘on equivalent effect of predation in both sand and “grass”
suggest that habitat selection rather than the direct or in-
Effects of predation on recruitment direct effects of predators is responsible for this pattern.
of pinfish to varying habitats The small size of the experimental “grass” habitats
may have reduced the value of these plots as refuges and
When we presented “grass” and sand habitats with dhds unnaturally increased rates of predation. However,
without predator access, there were clear effects of beffagrass habitats are often very patchy at small spatial
habitat and predators on pinfish densities and size strscales (Fonseca and Kenworthy 1987; Robbins and Bell
ture (Fig. 5). As in the first experiment recruitment wak994; Irlandi et al. 1995), and individual patches of sea-
significantly greater to “grass” versus sand habitagsass <1 rathat are isolated from other seagrass patches
(H=5.09, P<0.05, n=5), with pinfish abundances abouare common (Irlandi 1996). Thus, although the experi-
1.5 times greater in the “grass” than sand treatment. Exental plots used in these experiments were small, they
cluding predators by provision of cages also had a dveere representative of some types of natural seagrass
matic effect on recruit density (Fig. 5). Recruitment wambitats.
a significantc. 1.8 times greater inside the cage versus While predation did not appear to affect the distribu-
cage control treatmentE6.77, P<0.01,n=5). The ex- tion of pinfish, the exclusion of predators did have a
clusion of predators resulted in an increase of fish strong effect on the abundance of fish. In both sand and

Pinfish standard length (mm)
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“grass” habitats we found about 1.8 times the numberie$, southern floundd?aralichthys lethostigmappear to
fish in cage than in cage-control treatments. Consequgmey on the largest size classes of small fishes €yeh
ly, predators may affect the local population size of piprinodon variegatusand Fundulus heteroclitysand in-
fish, even if they do not affect the distribution of recruitermediate size classes of larger fish such as lsgiot
among habitats. In a methodologically similar caging estomus xanthurugWright et al. 1993). Consequently,
periment, Bell et al. (1987) found that the wragah- flounder may have depressed pinfish numbers, but seem
oerodus viridisrecruited in similar numbers to caged anan unlikely cause of the size shift we observed. It is also
cage-control artifical seagrass plots, and therefore cpossible that the difference in pinfish size between pred-
cluded predation was not important in their system. Hoator-exclusion and control plots was the result of the
ever, they noted that these wrasses recruited as readilyaige mesh excluding larger fish. However, since the larg-
the structure of the cage as to their artificial seagrassgsdish in control plots averaged <17 mm SL and the cage
that the addition of a cage resulted in a >171-fold imesh was 25 mm, it seems unlikely that the cage mesh
crease in recruit density. Sinée viridis appears to cue inhad much of an effect. Additionally, Bell et al. (1987)
on structure and does not occur in sand habitats to asgd cages with 13 mm mesh, yet the modal leng# of
great extent, Bell and co-workers were unable to examingdis was 34 mm. Thus, it seems unlikely that our larg-
the significance of recruitment versus post-recruitmesit mesh filtered smaller sizes classes since the largest
predation in sand habitats because of cage artifacts pfisg-we captured was 25.8 mm; however, in the absence
ent in this experiment. Although pinfish recruits weref direct experimental evidence this remains a possibili-
present in higher densities in our “grass” habitats, larye
numbers of recruits (>50+%) did occur in sand. Because
an unstructured sand plain appears to represent a viable
alternative habitat for these fish, our experiment did rétfects of food supply on the distribution, abundance and
suffer caging artifacts as strong as those that hayrewth of recruits
plagued other caging studies with fish (e.g., Doherty and
Sale 1985; Bell et al. 1987). In preliminary work, we did&/hen we experimentally added food to sand and “grass”
not find a difference in pinfish densities between no caglets, there was no effect on the density of pinfish re-
and cage control patches (see preliminary data in mathdits and this result was consistent in both habitats.
ods). Furthermore, pinfish densities in uncaged cont&ihce newly settled pinfish readily consume zooplankton
plots in the food addition experiment were similar tivingston 1980; Stoner 1980b; Luczkovich et al.
those we measured in our caging experiment (Fig. 1 v&895), it is not surprising that artificial food supply did
sus Fig. 5). Although these two experiments were caret affect either the between-habitat distribution of fish
ducted several weeks apart, this observation in combioa-their abundance within habitat types. As pinfish age
tion with our preliminary work supports the notion thand their diet shifts towards benthic invertebrates and
caging artifacts were minor in our experiment. Thus, vpéant matter (Darcy 1985), it is possible that the distribu-
conclude that the strong effect of predation on the abtion of benthic prey will play a larger role in their distri-
dance of pinfish in our experiment was real. bution or abundance. For example, Levin (1994) showed
There was also a clear difference in the sizes of fishtivat the distribution of a temperate wrasse that consumes
predator access versus control plots. Fishes in plots sedweed-associated invertebrates was related to the dis-
were exposed to predators were significantly larger thiaibution of its prey. Thus, small-scale patchiness of prey
those in predator exclusion plots. This pattern suggespecies within seagrass beds, may produce correspond-
that predators differentially preyed upon smaller recruitag patchiness of pinfish.
or that the reduced density in plots exposed to predatioriThe addition of food had a significant effect on the
resulted in faster growth rates of survivors. Carr and Hjrowth rates of pinfish. The growth rate of fish in food-
xon (1995) also demonstrated that the experimental aéldition treatments was 0.02 mm dhgreater than in
moval of predators on coral reefs resulted in a significamantrol plots. This small daily difference would produce
decrease in the size of a damselfish. Juvenile blue craldifference of 0.2 mm in length by the end of our 10-
appeared to be the most abundant predator in our gty supplemental feeding, and if this growth rate contin-
and are size-selective predators (West and Williamed it would produce a 1.4 mm difference after 68 days,
1986; Micheli 1995). Kneib (1982) demonstrated th#te mean age of the fish on our plots. This value is close
blue crabs actively feed in a size-selective manner on m-the significant 1.5 mm difference we observed be-
other estuarine fistundulus heteroclitysalthough the tween sand and “grass” habitats. If predation is size-de-
large blue crabs in his study appeared to affect largeendent, as suggested by our predator exclusion experi-
adult F. heteroclitus(50 mm SL) more than smaller larments, then differences in growth rates may have impor-
vae and juveniles (10-20 mm SL). The small blue craasit consequences for dynamics of pinfish populations.
in our site may prey selectively on smaller size classes ofin the analysis of our food-addition experiment, we
pinfish if they are easier to capture, and this would prdid not find a significant interaction between habitat type
duce the pattern we observed. and food supplementation, suggesting that the effect of
Flounder were also present in our site and could hadding food was equivalent in both habitats. However,
impacted pinfish populations. In North Carolina estuathis result is misleading. We held the amount of food
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added to each plot constant, yet fish densities were abwillh the general notion of pinfish as primarily seagrass
3 times greater in “grass” than in sand plots. Consehabitants (Adams 1976; Nelson 1979; Livingston
quently, per capita delivery of food was far less t980; Stoner 1980a; Sogard et al. 1987). Our data sug-
“grass” compared to sand habitats. The fact that we diest that the impact of predation on pinfish recruits is
not find a significant interaction between food-suppleguivalent in both sand and vegetated habitats, and thus
mentation and habitat type even though per capita radéterential predation may not explain the higher recruit-
of food addition were greater in the sand than “grassient of pinfish to vegetated habitats in Texas. Similarly,
habitat, suggests that (1) fish were able to use smaller facts that pinfish recruited in greater numbers to an
amounts of food available per individual in the “grass” tartifical habitat composed of green ribbon than to a sand
achieve similar growth rates to those in the sand, andiabitat, and that the addition of food did not affect densi-
(2) the reduction in flow velocity by attenuation of windies of recruits, suggest that food supply is not of direct
waves by artifical grass resulted in the deposition of susportance in determining the early distribution of pin-
pended food particles (Peterson et al. 1984). When figh recruits. The key to the higher recruitment of pinfish
examined length-age relationships we found growth rates/egetated than in unvegetated habitats may lie in size-
of fish to be greater in “grass” than in sand habitats, aselective predation and habitat differences in growth
the analysis of otolith microstructure also suggested thaties. Our data suggest that (1) predators may dispropor-
growth was greater in the “grass”, although this was rtminately affect small fish; and (2) a limited food re-
statistically significant. The evidence from this expersource may be more effectively utilized by fish in vege-
ment demonstrates that food supply limits the growtiited than in unvegetated habitats. Additionally, there
rate of pinfish, and that either available food resourcesy be increased benthic food resources in vegetated ha-
are more readily utilized in vegetated than in unvegetatgdats (Summerson and Peterson 1984). Pinfish recruits
habitats, or the delivery of food is greater to vegetatethy select vegetated habitats because high growth rates
habitats. Work in freshwater tidal creeks suggests tldlbw them to more quickly achieve a size that is rela-
foraging profitability of blue spotted sunfidfnneacan- tively safe from predation. Consequently, seagrass, per
thus gloriosusand mummichog&undulus heteroclituss se, may not be a refuge from predation, but it could af-
greater in vegetated rather than unvegetated portiongoodl the opportunity for fish to achieve a refuge in size.
creeks (Rozas and Odum 1988). However, studies invesPinfish in this study recruited in extremely high num-
tigating the effects of vegetation on growth rates of suers to both sand and “grass” experimental plots. Indeed,
pension-feeding bivalves provide evidence for the hthe recruitment we observed was far greater than that re-
pothesis that the deposition of suspending particles atploeted by other studies in other locations (e.g., Adams
edge of seagrass beds is an important process affecti®@gé, Summerson and Peterson 1984; Fonseca et al.
growth. Determining the mechanism producing high&®90, 1996). Thus, some caution is warranted before
growth rates of pinfish in the “grass” habitat will requirgeneralizing these results to other locations. Additional-
further experiments in which per capita rates of food dg; these were short-term experiments and it is possible
dition are held constant. that important patterns may not have had time to emerge
Studies on reef fish have demonstrated that supplering the experiment. However, it is clear that interac-
mental feeding results in increased growth and/or earliens between recruitment variability, competition, and
maturation rates (Jones 1986; Forrester 1990). In aduatiedation are important in determining the distribution
tion, Thresher (1983) found higher growth rates in fishaad abundance pinfish, and studying the interactive ef-
when potential competitors for food were experimentaligcts of these factors on demersal fish populations will
removed from reefs compared to control reefs. In the @g crucial to our understanding of the mechanisms un-
ribbean Carpenter (1990) and Robertson (1991) shovdedlying the population dynamics of marine and estua-
large increases in herbivorous fishes after the die-offrafe fishes.
the grazing urchirDiadema antillarumwhich depletes
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