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Synopsis

Ecomorphological correlates were sought among ten species of distantly related subtropical seagrass fishes.
Morphometric data associated with feeding and microhabitat utilization were compared by principal compo-
nents analysis. cluster analysis. and canonical correspondence analvsis to dietary data. Morphology was gen-
erally a poor predictor of diet except for a group of mid-water planktotrophic filter feeders. Separation of the
species along morphological axes appears to be related more to microhabitat utilization resulting in three
major groups: (1) a group of planktotrophic. mid-water fishes specialized for cruising and seeking out evasive
prey characterized by a compressed fusiform body. forked caudal fin. long. closely spaced gill rakers. short to
intermediate length pectoral fin. pointed pectoral fin. large lateral eve. short head. and a terminal or sub-
terminal mouth: (2) slow swimming. less maneuverable epibenthic fishes that pick or suck their prey off the
substrate. They are united by more rounded caudal and pectoral fins. and short or no gill rakers: and (3) a
group of more mobile and maneuverable epibenthic foragers charactenzed by a more compressed. sub-gib-
bose body. long. pointed pectoral fins. forked caudal fins. large lateral eves. subterminal mouth. and greater
jaw protrusibility. Cases of convergence in trophic and microhabitat utilization characters were apparent in
some of the groups.

tual contribution of one to the other (Motta & Kotr-

schal 1992).
One of the purported advantages of ecological

Introduction

Ecological morphology has as its major premise

that the ecology of an organism s related to its mor-
phology. Whereas functional morphology is the
study of form and function. ecological morphology
overlaps functional morphology and emphasizes
form in relation to biological role(s). Although
there is no consensus on the definition of ecomor-
phology, it may be defined as the study of the rela-
tionship between environmental factors. both phys-
ical and biotic. and form. such as to isolate the mu-

morphology is its predictive power (Karr & James
1975. Miles & Ricklefs 1984. Grossman 1986. Dou-
glas 1987). Given that environments constrain mor-
phology and ecology in parallel fashion. we should
be able to predict ecological patterns of individuals.
populations, or species assemblages from their
morphological characteristics (Wiens & Rotenber-
ry 1980).

Although there is no definitive protocol. eco-
morphological studies generally seek patterns in



the ecology or behavior of an organism or group of
organisms and trv to relate them to patterns in form.
In the initial step of such analyses. correlations are
usually sought between morphological and ecolog-
ical variables (e.g. Movle & Senanavake 1984. Wik-
ramanavake 1990, this study). This approach pro-
vides predictability. but no causal explanation. It
leaves the investigator with uncertainty as to per-
formance. optimality. and the constraints on the *fit’
between form and biological role (Motta & Kotr-
schal 1992).

In the second step of the investigation. one not
usually reached in manv studies. the predictions are
tested through experimentation or modeling in the
laboratory to determine the potential niche. and
secondly the etfect of performance on actual pat-
terns of resource use may be determined through
field studies (i.e. the realized niche) (Wainwright
1987. 1991). An ontogenetic analysis of the eco-
morphological relationship may be performed at
this stage (Galis 1993).

In the third step, comparative phylogenetic ana-
lyses are undertaken. Two different comparisons.
with different aims. have been applied. Most inves-
tigators -advocate comparing the variation of a
structure and its use within closely related taxa. usu-
ally cogenera or cofamilials (Leisler 1980. Yamaoka
1983, Felleyv 1984, Leisler & Winkler 1985. Yamao-
ka. Hori & Kuratani 1986. Pounds 1988. Wainwright
1988. Kotrschal 1989. Norton 1991): these may in-
clude a comparison with a more distantly related
outgroup (Motta 1988. Losos 1990a). It is assumed
that choosing closely related species will reduce the
risk that coincidental differences will mask signif-
icant patterns (Huey & Bennet 1986). Findlev &
Black (1983) explicitly believe. and others implicitly
assume. that ecomorphological relationships may
be most detectable in closely related species that
have a long history of evolution and radiation in the
same region. This kind of comparative approach al-
lows one to propose evolutionary scenarios and hy-
potheses on the process of adaptation and most
readily reveals parallel and divergent evolution
(Motta & Kotrschal 1992).

Convergence is difficult to study in small. more
closely related groups. Because we usually have
more confidence in our phylogenetic groupings at

broader taxonomic scales. ecological {and morph-
ological) convergences can be identified with
greater ease (Winemiller et al. 1995). Therefore. an-
other approach is the comparison of ecomorpho-
logical relationships among guilds of more distantly
related organisms (Karr & James 1975. Ricklefs &
Cox 1977. Gatz 1979a. b. Ricklefs & Travis 1980.
Wiens & Rotenberry 1980. Miles & Ricklefs 1984,
Movle & Senanavake 1984, Watson & Balon 1984.
Douglas 1987. Miles et al. 1987. Wikramanavake
1990. Block et al. 1991. Wiens 1991a. b. Winemiller
1991). This can be a powerful indicator of conver-
gent evolution (e.g. Karr & James 1975. Wiens
1991b).

While there appear to be superficial ecomorph-
ological correlations related to teeding in fishes. for
example. longer gill rakers are associated with
planktivory. shorter ones with carnivory: longer
guts with herbivory and shorter ones with carnivory
(e.g. Chao & Musick 1977, Goldschmid et al. 1984):
as well as correlations between fin and body shape.
and locomotory abilities and microhabitat utiliza-
tion (Keast & Webb 1966, Webb 1984). there are few
relationships that document ecomorphological pat-
terns in fishes bevond these. Gatz (1979a. b) found
extensive ecomorphological correlations based on
feeding and microhabitat separation: Norton's
(1991) work supported the ecomorphological hv-
pothesis that dietary differences in cottids are in
part due to differences in relative mouth size
through the influence of mouth size on feeding per-
formance. Furthermore. there is a strong relation-
ship between selected morphological attributes and
microhabitat exploitation in a tropical stream fish
assemblage (Wikramanayake 1990). Winemiller
(1991) also identified ecomorphological divergenc-
es within higher taxa of fishes from the same region
and convergences between phylogenetically diver-
gent taxa from different regions.

On the contrary. Kotrschal (1989) concluded that
oral jaw morphology is not a reliable predictor of
feeding ecology in 34 species of blennioid fishes.
Similarly, Felley (1984) found that a priori morph-
ological character sets derived from previous stud-
ies of functional morphology and morphological-
environmental associations could not be used to
predict habitat use in cyprinids. An a-posteriori set



revealed by factor analysis for a subgroup of cypri-
nids was more predictive. Because there is consid-
erable amount of residual morphological variation
in many communities that cannot be directly relat-
ed to ecological variables. predictability of morph-
ological relationships in one assemblage from those
in another is reduced (Strauss 1987). Furthermore.
Grossman (1986) believes that behavior may be
more important than morphology in determining
prey utilization in a rocky intertidal fish assem-
blage. Motta (1988) found that morphological struc-
tures associated with feeding in butterflvfishes are
correlated with how the fishes feed (e.g. suction.
scraping. biting). rather than with what thev feed
on. Many of these studies that seek correlations be-
tween morphology and diet or microhabitat utiliza-
tion do not utilize multivariate techniques of direct
gradient analysis. that is. techniques that statistical-
lv compare combinations of environmental and
morphological variables simultaneouslv. Conse-
quently the interpretation of such studies can be
weakened if the comparison between the environ-
mental and morphological variables is subjective.

This study is significant in that it: (a) employs a
suite of univariate and multivariate techniques. in-
cluding direct gradient analyvsis of dietarvy and
morphological data: (b) seeks ecomorphological
patterns among a taxonomically divergent group of
fishes to investigate whether morphology is a good
predictor of diet: and (c} determines if cases of evo-
lutionary convergence can be identified in this feed-
ing guild of seagrass inhabiting fishes. Utilizing ten
numerically abundant and taxonomically divergent
species of fishes froma subtropical seagrass habitat.
this study addresses the following questions: (1) Is
morphological similarity among species reflective
of dietary similarity? (2) Do these species exhibit
convergence in morphology? And. if so. (3) does
morphological convergence appear to be related to
feeding and/or microhabitat utilization in this di-
verse fish assemblage?

Materials and methods
Study site

Fishes were collected from a seagrass habitat in Bo-
ca Ciega Bav. near the entrance to Lower Tampa
Bayv. Florida (27°41"N. 82°41’W). from May to Octo-
ber. 1989 and 1990. The Tampa Bay system is a large.
shallow (< 4 m). subtropical estuary lined by limit-
ed mangrove forests and salt marshes. Tampa Bay is
approximately 36 km long. 16km wide at the
mouth. with 341 km of shoreline. Five major rivers
discharge into Tampa Bay (Comp & Scaman 1983).
This nitrogen and phosphorus enriched estuary
supports seasonally high phvtoplankton biomass
and productivity. Seagrass beds. macroalgae. and
benthic microtlora also contribute to the total pri-
mary production of this system (Johansson et al.
1985).

Our study site is a gently-sloping sandy beach
leading to a shallow (0.5 to 2.0 m) Thaiussia testudi-
num dominated scagrass bed with intervening
sandv patches. Dense mats of macroaigae dominat-
ed by Graciluria and Hypnea spp. were often pre-
sent. Maximum tidal fluctuations resulted in a
94 cm change of depth. although coliections were
not made at very low tides.

Collecuon and data analvsis

Thirty individuals each of ten species found in or
above the seagrass beds. including the water co-
lumn were examined in this study (standard length
ranges of the specimens used indicated): Chilomyc-
terus schoepfi (striped burrtish. 126213 mm). Flor-
idichthys carpio (goldspotted killifish. 31-79 mm).
Lagodon rhomboides (pinfish. 120-1534 mm). Euci-
nostomus gula (silver jenny. 71-114 mm). Fundulus
similis (longnose killifish. 73-113 mm). Harengula
jaguana (scaled sardine. 84-104 mm). Svngnathus
scovelli (gulf pipefish. 91-164 mm ). Anchoa hepse-
rus (striped anchovv. 90-108 mm). Menidia penin-
sulae (tidewater silverside. 54-80 mm). and Arius
felis (hardhead catfish. 280-391 mm) (Fig. 1). In all
cases only sexually mature individuals were sam-
pled. These species were used because they consti-
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Fig. 1. Profiles of ten species of Tampa Bay seagrass fishes investigated. Bar indicates | cm.

tute some of the most numerically abundant fishes
in Florida and Tampa Bay seagrass habitats
(Springer & Woodburn 1960. Livingston 1976,
Brook 1977. Livingston 1982. Stoner 1983. Comp
1985, Thayer et al. 1987).

Collections were made in and above the seagrass
beds with a 0.95 cm (square measure) beach seine.
25cm. 3.75cm. and S0cm (square measure)
monofilament gill nets. and a 3 m otter trawl with

0.32 cm mesh cod end pulled by a power boat. Fish-
es were dissected immediately after capture and the
entire gut removed and preserved in 10% buffered
formalin with Rose Bengal. Fishes were frozen for
subsequent morphological analysis. A detailed de-
scription of dietary analysis is reported in Motta et
al. (1995). In brief. for species with a distinct stom-
ach. only prey items in the stomach were included.
For species without a distinct stomach the anterior
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Fig. 2. A representative species. Eucinostomus gula. with ten mensural and five coded morphometnc variables indicated. SL = standard
length. HL = head length. BD = body depth. BW = body width. PL = pectoral fin length. MW = mouth width. ED = eye diameter. RL = il
raker length. RS = gill raker spacing. HLP = head length with jaw protruded. CS = caudal fin shape. PS = pectoral fin shape. EP = eve

position. MP = position of open mouth. DT = dentition type.

1/3 of the intestine was evacuated. Specimens with
empty stomachs or anterior intestines were not uti-
lized. Prev were identified under dissecting micro-
scope to order in most cases. and an Index of Rela-
tive Importance (IRI) (Pinkas et al. 1971), based on
wet weight. frequency of occurrence. and numbers.
calculated for each prey taxa. Hill's (1973) diversity
numbers were calculated: NO. the number of prey
taxa: N1. the number of abundant prev taxa: N2, the
number of very abundant prey taxa: and ES. even-
ness. [RI values were used to cluster the species us-
ing the Bray-Curtis percent dissimilarity index. and
Horn's index of overlap indicated the dietary over-
lap among the species.

In our analysis 15 morphological characters were
represented by either mensural or coded variables.
Ten mensural variables reflecting feeding and hab-
itat use (Gatz 1979a) were taken on each specimen:
standard length SL (tip of closed mouth to end of
last vertebra), head length HL (anterior tip of

closed mouth to posterior edge of opercle). head
length protruded HLP (anterior tip of protruded
jaw to posterior edge of opercle). body depth BD
(depth at widest part of body). body width BW
(width at thickest part of body), pectoral fin length
PL (base of fin to tip of longest ray), mouth width
MW (at widest part with mouth fully open). eve dia-
meter ED (diameter between fleshy orbits along an
anterior-posterior axis), gill raker length RL (long-
est raker on first gill arch), gill raker spacing RS
(distance between rakers on first gill arch in the vi-
cinity of the ceratobranchial-epibranchial border).
In addition. five coded variables were scored with
integer values for each species: caudal fin shape CS
(rounded = 1. truncate = 2. emarginate = 3, lunate =
4, or forked = 3). pectoral fin shape PS (rounded = 1.
intermediate = 2, or pointed = 3), eye position EP
(lateral = 1, slightly dorso-lateral = 2, or dorsal = 3).
open mouth position MP (supraterminal = 1, termi-
nal =2, subterminal = 3, inferior = 4, or ventral = 5).
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and dentition type DT (cardiform = L. villiform = 2.
canine = 3. incisor = 4. reduced incisiform = 3.
brush-like = 6. molariform = 7. fused = 8. tricuspid =
9.or no teeth = 10) (Fig. 2). Mensural variables were
measured with a ruler or vernier calipers to the
nearest 0.1 mm. Gill raker length and spacing were
measured to the nearest 0.0l mm with an ocular mi-
crometer fitted for a dissecting microscope.
Principal components analysis.(PCA) was used
to identify patterns in morphological variation
among species. PCA1sa method of breaking down
or partitioning a resemblance matrix into a set of
orthogonal (perpendicular) axes or components.
Each PCA axis corresponds to an eigenvalue of the
matrix. The eigenvalue is the variance accounted
for by that axis. The first few PCA axes represent
the largest percentage of the total variation that can
be explained (Ludwig & Reynolds 1988). PCA was
conducted on a correlation matrix. All continuous
variables were log,, transformed in order to more
closely approximate a normal distribution and re-
duce heteroscedasticity. Two analyses were per-
formed to explore the relative merits of mixing
mensural and scored variables: (1) a PCA of the
mensural and coded variables together. and (2) one
with only the mensural variables. The PCA analys-
es were performed on SAS using the Princomp pro-
cedure. To aid in data analysis. three dimensional
plots were constructed using the G3D procedure.
The mensural variables that loaded heavily on
PCA axes 2 and 3. that is. those that account for the
greatest variance in the data set. head length. head
length protruded. body depth. mouth width. pecto-
ral length. eye diameter. gill raker spacing and gill
raker length. were log,, and alternately square root
transformed and found not to be normally distrib-
uted in either case. Therefore. an a-priori Kruskal-
Wallis test was performed on the untransformed da-
ta (N = 30) to detect significant differences among
species. Each variable was found to differ signifi-
cantly among species. therefore a-posteriori Mann-
Whitney U tests were carried out for all possible
pairwise combinations (N = 45) of species. The
Bonferonni technique was used to determine the
significance level for the Mann-Whitney U tests
(Gatz 1979). An alpha level of a = 0.05/45 = 0.001
was used for each pairwise comparison. For each

variable. species that were not significantly differ-
ent were joined by aline. To assess the degree of jaw
protrusion relative to head length the following var-
iable was calculated for each species ((HLP-HL/
SL)X100) (N = 30).

Cluster analysis was performed on all fifteen un-
transformed morphological variables and on the
dietary data of Motta et al. (1995) using the Bray-
Curtis percent dissimilarity index with the flexible
strategy (B = - 0.25) to create three clusters (Lud-
wig & Reynolds 1988). The first cluster was con-
structed with all morphological variables. [n order
to investigate the relative proportions of the
morphological attributes. for example. the size of
the pectoral fin relative t0 the size of the fish. a sec-
ond cluster was generated with the mensural varia-
bles expressed as a percentage of standard length.
Mean values were used for the ten mensural varia-
bles. In both analyses. the five coded variables were
entered as integer values. The third cluster was on
the IRI dietary values for nine species (excluding
M. peninsulae for which data were not available)
from Motta et al. (1995). Clusters were constructed
with the Statistical Ecology package (CLUSTER
program) of Ludwig & Reynolds (1988). While we
utilized ratios for exploratory data analysis in one
cluster analysis. we specifically avoided ratios in the
statistical analyses due to their inherent limitations
(Atchley et al. 1976. Reist 1985. Jackson et al. 1990
Jackson & Somers 1991).

Canonical correspondence analysis (CCA) and
detrended canonical correspondence analysis
(DCCA by second order polynomials) were per-
formed on two sets of morphological and dietary
data for nine species. Menidia peninsulae was €x-
cluded from this analysis because the only dietary
data available was qualitative data from the litera-
ture. Canonical correspondence analysis is a multi-
variate technique of direct gradient analysis thatse-
lects the linear combination of environmental vari-
ables (diet) that maximizes the dispersion of the
species (morphology) scores. It chooses the best
weights for the environmental variables to con-
struct the first CCA axis. The second and further
CCA axes also select linear combinations of envi-
ronmental variables that maximize the dispersion
of the species scores. but subject to the constraint of



being uncorrelated with previous CCA axes. Envi-
ronmental variables may be quantitative or nomi-
nal (Jongman et al. 1987. ter Braak 1986. 1987). De-
trended CCA is an efficient ordination technique
when species have bell-shaped response curves
with respect to environmental gradients (ter Braak
1986). We performed CCA and DCCA utilizing the
program CANOCO version 3.12 (ter Braak 1988).

In the first data set. species data consisted of the
15 mensural and coded morphometric variables. To
reduce collinearity due to too many environmental
variables. only IRI values for eighteen very abun-
dant dietary taxa. as indicated by Hill's N2. were
utilized in the analysis. In the second comparison.
species data consisted only of the morphometric
variables that were considered related to microhab-
itat utilization (body depth. body width. pectoral fin
length. eve diameter. caudal fin shape, pectoral fin
shape. eye position) and not to feeding per se. As
before. the environmental variables comprised the
IRI values for the eighteen very abundant prey
taxa.
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Results

Principal components analysis-mensural variables
only

The first two principal components had eigenvalues
greater than one and accounted for 88% of the cu-
mulative variance. Principal component 1 account-
ed for 75% of the variance. PC 2 accounted for 13%.
and PC 3 accounted for 7% (Table 1. Fig. 3). The
eigenvalues of the first principal component were
positive and approximately equal in magnitude in-
dicating a strong size vector (Strauss 1987).

With increasing magnitude along principal com-
ponent axis 2. the species had longer. more closely
spaced gill rakers. longer pectoral fins. shorter
heads. and larger eves. Principal component 3 sep-
arated fishes by decreasing spacing of the gill rak-
ers. larger mouths. shorter pectoral fins. and de-
creasing body depth (Table 1. Fig. 3).

The following species grouped close in morphos-
pace: Menidia peninsulae. A. hepsetus. and H. ja-
guana formed a single group: . carpio and F. similis
formed a group: Eucinostomus gula was positioned
between F similis and L. rhomboides: Chilomycte-
rus schoepfi. A. felis. and S. scovelli were separated
in morphospace (Fig. 3.

Table 1. Principal components analysis for morphometric data on ten species of seagrass lishes (N =30). Eigenvalues for the tirst three

principal components on mensural variables only.

Eigenvalue Difference Proportion Cumulative

Prin] 7.50068 6.22892 0.750068 0.75007

Prin2 1.27176 0.58520 0.127176 0.87724

Prin3 0.68656 0.47717 0.068656 0.94590
Prinl Prin2 Prin3

SL 0.278241 -0.397784 0.504177

HL 0.348834 - 0.210405 0.161558

BD 0.337102 0.137905 - 10.299640

BW 0.346761 -0.119364 - 0.031746

PL 0.331686 0.226794 -0.327438

MW 0.325778 0.164498 0377256

ED 0.336839 0.196340 0.022255

PL 0.189695 0.720174 0.163762

RS 0.277552 - 0.299686 -0.588773

HLP 0.352687 -0.196790 0.073540

SL = standard length. HL = head length. BD = body depth. BW = body width. PL = pectoral fin length. MW = mouth width. ED = cve
diameter. RL = gill raker length. RS = gill raker spacing. HLP = head length with jaw protruded.
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Fig. 3. Principal components analysis of the ten mensural morphometric variables for ten species of seagrass fishes (N = 30). The vanables
with larger eigenvalues (Table 1) indicated on each axis. Club = A. felis. Diamond = C. schoepfi, Star = L. rhomboides. Cross = F. simulis.
Spade = S scoveli. Heart = E. gula. Circle = A. hepsetus. Triangle = H. jaguana. Square = M. peninsulae. Cube = F. carpto. BD = body
depth. PL = pectoral fin length. MW = mouth width. ED = eve diameter. RL = gill raker length. RS = gill raker spacing. HL = head length.

HLP = head length with jaw protruded.

Principal components analysis-mensural and coded
variables combined

The first three principal components had eigenva-
lues greater than one and account for 87% of the
cumulative variance. Principal component 1 ac-
counted for 55% of the variance. PC 2 for 22% and
PC 3 for 10% (Table 2). Mensural variables on prin-
cipal component 1 were positive and approximately
equal in magnitude indicating a strong size vector.
This was not generally the case for the coded varia-
bles. Dentition tvpe was strong and negative indi-
cating the shift from villiform teeth. towards tricus-
pid teeth (F carpio) and loss of dentition (S. scovel-
li) on PC axis 1. Caudal fin shape and pectoral fin
shape indicated a gradient from more rounded fins
(for example S. scovelli) at one extreme to more

forked caudal fins and pointed pectoral fins at the
other extreme. for example L. rhomboides. Mouth
position was supraterminal in S. scovelli and gener-
ally subterminal at the other extreme (Table 2. Fig.
4).

Fishes with more rounded caudal and pectoral
fins. eye more dorsolateral. shorter gill rakers. more
supraterminal mouth. loss of dentition. and increas-
ing head length scored high on PC2. Along princi-
pal component axis 3 there was a shift towards more
dorsolateral eve position. more pointed pectoral
fins. and forked caudal fins (Table 2. Fig. 4).

Principal components analysis based on com-
bined mensural and coded variables resulted in
each species occupying less morphospace with gen-
erally less overlap among species. Menidia penin-
sulae. H. jaguana. and A. hepserus formed a tight

Table 2. Principal components analvsis for morphometric data on ten species of seagrass fishes (N = 30). Eigenvalues “or the first three

principai componenis on mensural and coded varnables.

Eigenvalue Difference Proportion Cumuizive
Prinl 8.24284 4.96640 0.549523 0.54952
Prin2 3.27644 1.78183 0.218429 0.7679%
Prin3 1.49461 0.65661 0.099641 0.86753
Prinl Prin2 Prin3

SL 0.238334 0.328558 0.318499

HL 0.314427 0.224972 0.054975

BD 0.322115 -0.001629 -0.104411

BW 0.311809 0.186603 ~0.142290

PL 0.330446 -0.090380 - 0.100053

MW 0.307536 0.050684 0.034845

ED 0.320982 0.000475 - 0.010466

RL 0.221346 -0.350574 0.101833

GS 0.254357 0.162124 -0.326636

HLP 0.319984 0.206325 0.016996

Cs 0.141506 -0.413796 0.400295

PS 0.152785 -0.358958 0.438013

EP 0.006731 0.356650 0.521091

MP 0.161817 ~0.337176 -0.333095

DT - 0.225542 0.251304 0.033519

SL = standard length. HL = head length. BD = body depth. BW = body width. PL = pectoral fin length. MW = mouth w1dth. ED = eye
diameter. RL = gill raker length. RS = gill raker spacing. HLP = head length with jaw protruded. CS = caudal fin shape. PS = pectoral fin
shape. EP = eye position. MP = position of open mouth. DT = dentition type.
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Fig. 4. Principal components analysis of the ten mensural and five coded morphometric variables combined for ten species of seagrass
fishes (N = 30). The variables with larger eigenvalues ( Table 2) indicated on cach axis. Club = A. fefis. Diamond = C. schoepfi. Star = L.
rhombordes. Cross = F. sinulis. Spade = S. scovelli. Heart = E. gula. Circle = A. hepsetus. Triangle = H. jaguana. Square = M. pennsuige.
Cube = F carpio. RL = gill raker length. RS = gill raker spacing. HL = head length. HLP = head length with jaw protruded.

group. with E. gula and L. rhomboides clustering
nearby. Floridichthys carpio and F. similis were
grouped very close together in morphospace with
C. schoepfi nearby. Arius felis and S. scovelli were
each morphologically distinct and separated from
the other species (Fig. 4).

Mensural morphomerric variables-univariate
statistics

Principal components analysis of the morphometric
variables resulted in a few species groups and some
species separated in morphospace. Univariate anal-
ysis of the morphometric variables that loaded
heavily oneither PCA 2 or 3combined with the cod-
ed variables resulted in the following character
complexes: (1) a group including H. jaguana. A.
hepserus and M. peninsulae characterized by a com-
pressed fusiform bodv with forked caudal fin. long.
closely spaced gill rakers. short to intermediate
length pectoral fin. pointed pectoral fin. relatively
large (A. hepsetus and H. jaguana) lateral eve. short
head. and terminal or subterminal mouth: (2) Fun-
dulus similis and E carpio which both had rounded
caudal and pectoral fins. short pectoral fins. small
body size. small. lateral eves. subterminal mouth.
short gill rakers. and small mouth width and bodv
depth. These species shared a few characters with
C. schoepfi and S. scovelli: rounded caudal and pec-
toral fins. and short or no (C. schoepfi) gill rakers:
and (3) Lagodon rhomboides and E. gila united by
their sub-gibbose body shape (including large body
depth), forked caudal fins. long. pointed pectoral
fins. large. lateral eves. and subterminal mouth. Ari-
us felis was an outlier in morphospace. character-
ized by being large bodied with a forked caudal fin,
long. pointed pectoral fin. slightly dorsolateral eve,
subterminal. wide mouth. long. and widely spaced
gill rakers (Fig. 5).

Of the species that protrude the upper jaw. L.

rhomboides and F. carpio protruded their jaw 3.7%
of their standard length: £. gula 3.5%. and M. pen-
insulae 3.2%. Chilomyvcterus schoepfi (1.5%) and F.
similis (0.2%) had slight protrusibility.

Morphomerric clustering

Cluster analysis of the fifteen. untransformed mor-
phometric variables (excluding standard length) re-
sulted in three groups and one outlier species. Eu-
cinostomus gula. H. jaguana, F. similis. and A. hep-
setus formed the first group. clustering at the 0.11
level. Fundulus carpio and M. peninsulae formed a
second group at the 0.13 level. and A. felis. C.
schoepfi. and L. rhomboides formed a third group
at the 0.34 level. Svagnathus scovelli. the outlier
species. was joined to the first two groups at the 0.39
level (Fig. 6).

Cluster anaivsis of the proportional measure-
ments (mensural morphometric variables ex-
pressed as percent standard length). and the coded
variables together resulted in a different arrange-
ment of three groups and one outlier species. Luago-
don rhomboides. E. gula and F. carpio formed a
group at the 0.10 level: F. similis and C. schoepri
formed a second group at the 0.12 level: and H. ja-
guana. M. pemnsulae. A. hepsetus. and A. felis
formed a third group at the 0.14 level. Svngnathus
scovelli was the outlier species joined to all three
groups at the 0.86 level (Fig. 7).

Dietary overlap and cluster analysis

Dietary overlap data (Table 3) (Motta et al. 1995)
and cluster analysis of the IRI data (Fig. 8) revealed
similar species grouping. The nine species on which
dietary data were collected separated into three
groups: one with relatively high overlap comprised
of F. carpio, H. jaguana. and A. hepsetus: a second
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Fig. 5. Head length. head length protruded. mouth width. body depth. pectoral fin length. gill raker length. gill raker spacing. and eye
diameter of ten species of seagrass fishes. Mean x one standard deviation indicated. Species that are not significantly different indicated

(N = 30. Mann-Whitney U-test.p = 0.05).

group with intermediate overlap levels includes C.
schoepfi, E. similis. and E. gula. A third group in-
cluding A. felis, S. scovelli. and L. rhomboides had
relatively little dietary overlap.

Dietary-morphometric correspondence

Canonical correspondence analysis (CCA) and de-
trended CCA (DCCA) of the 15 morphological var-
iables and dietary data indicated that the morph-
ological variables were poorly related to the first
four environmental (dietary) axes (eigenvalue =
0.033 on Axis 1, Table 4). Only 3% of the morph-

ological variance could be accounted for by dietary
axis 1. Analysis of the seven morphological varia-
bles related to microhabitat utilization revealed a
similarly poor relationship (eigenvalue = 0.055 on
Axis 1. Table 4). Eigenvalues of approximately 0.3
and higher are quite common in ecological applica-
tions (ter Braak 1988, Jongman et al. 1987). and or-
dination axes with very low eigenvalues (< 0.02)
should be discarded (ter Braak 1988). Because of
the poor relationship between morphological and
dietary axes in this study, further analysis of the axes
was not warranted.
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Fig. 5. Continued.

Discussion

Principal components analyses of the morphomet-
ric data indicated that the species separated by a va-
riety-of characters associated with feeding and mi-
crohabitat utilization. In general. the first principal
component was indicative of overall body size.
Body size in these fishes is believed to be an impor-
tant factor in niche separation (discussed below).
Thus. body size is not always a nuisance factor that
must somehow be removed from data before ‘true’
systematic or ecological relationships can be deter-
mined (Douglas 1987); it may be an important fac-
tor influencing species resource utilization. When
coded variables were considered, variables indica-
tive of trophic (dentition type) and microhabitat

(caudal and pectoral fin shape) differentiation
loaded heavily. The second and third principal com-
ponents were linked by trophic and microhabitat
use. being strongly influenced by gill raker length
and spacing. caudal and pectoral fin shape. pectoral
fin length. head length and head length protruded.
eye diameter and position. mouth width and posi-
tion. body depth. and dentition type.

Principal components analysis of the ten species
was greatly affected by the mixing of mensural and
coded variables. The analvsis of all 15 variables re-
sulted in the species groups clustering tighter in
morphospace and separating more from other spe-
cies groups. Our analysis does not allow us to rec-
ommend one particular approach over another, be-
cause two factors differ between the approaches. In
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Fig. 6. Cluster analysis of fifteen untransformed morphometric
variables for ten species of seagrass tishes. Clustering by the
Bray-Curtis percent dissimilarity index utilizing the flexible
strategy (N = 30).

the combined analysis additional morphometric
variables were considered (the coded variables). In
addition these variables had inherently less varia-
bility being integer values. Perhapsinstead of coded
variables. features such as eve position and caudal
fin shape should be quantified by continuous values
derived by multidimensional shape analysis. These
continuous values would have more inherent varia-
tion than the coded integer values.

In both analvses certain species groups were ap-
parent. The first group was comprised of H. jagua-
na. A. hepsetus and M. peninsulae. A second consis-
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Fig. 7. Cluster analysis of fifteen untransformed morphometric
variables for ten species of seagrass fishes. The ten mensural var-
jables expressed as a percent of standard length. Clustering by
the Bray-Curtis percent dissimilarity index utilizing the flexible
strategy (N = 30).

tent group included F similis and F. carpio. When
all characters were considered C. schoepfi and S.
scovelli were closer to this group in morphospace
than to the other species. In both analyses. but more
so in the combined analysis, L. rhomboides and E.
gula were close in morphospace. The catfish. A. fe-
lis, was separated from the other species.

Cluster analysis based on all untransformed mor-



phometric variables grouped the species loosely by
size. Anchoa hepsetus and H. jaguana clustered to-
gether (along with F. similis and E. gula). and sep-
arated from the smaller M. peninsulae. However.
cluster analysis of all variables with mensural varia-
bles expressed as a ratio of body length grouped the
fishes primarily by shape. In this case. L. rhom-
boides and E. gula again formed a tight group with
F. carpio at a higher level. and the group comprised
of H. jaguana, M. peninsulae, and A. hepsetus was
retained and joined to A. felis at a higher level.

Group 1 fishes

The groupincluding H. jaguana. A. hepsetus and M.
peninsulae was characterized by common trophic
and microhabitat morphometric characters: a com-
pressed fusiform body with forked caudal fin. long,
closely spaced gill rakers. short to intermediate
length pectoral fin. pointed pectoral fin. relatively
large (A. hepsetus and H. jaguana). lateral eve.
short head. and terminal or subterminal mouth.
This form is common to pelagic or mid-water inhab-
iting fishes that are more specialized for cruising
and seeking evasive prev (Keast & Webb 1966.
Aleev1969. Chao & Musick 1977, Gatz1979a. Webb
1984. Wikramanayake 1990). This morphology con-
fers considerable mobility and maneuverability and
is common to freshwater planktivores (Keast &
Webb 1966). Relatively short head length. as found
in these species. was correlated with small prey size
in stream fishes (Gatz 1979a), and presumably with
small prey (primarily copepods) in these species.
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Fig. 8. Dietary cluster. based on IRI values. for nine species of
seagrass fishes. Clustering by Bray-Curtis perceat dissimilar:iy
index unlizing the flexible strategy (N = 30) tirom Motta et a..
1995).

Watson & Balon (1984) identified four recurring
ecomorphological patterns among stream fishes in
Borneo. The pelagic type was characterized by high
caudal fin aspect ratio. increased lateral compres-
sion. peduncle compression and relative depth. a
lateral eye. and high pectoral fin aspect ratio. Intra-

Table 3. Horn's (1966) index of niche overlap based on IRI values for nine species of fishes in Tampa Bay. Florida (N = 30) (Motta et al.

1995).
Species 1 2 3 4 5 6 7 8 9
1. A. felis 1.000 0.064 0.190 0.006 0.287 0.065 0.104 0.073 0.015
2. A. hepsetus 1.000 0372 0.253 0.128 0.788 0.529 0.73% 0.359
3. C. schoepfi 1.000 0.004 0.059 0.175 0.490 0.157 0.333
4. 8 scovelli 1.000 0.129 0.279 0.062 0.328 0.190
S. L. rhomboides 1.000 0.196 0.136 0.168 0.114
6. F. carpio 1.000 0.261 0.796 0.250
7. F. similis 1.000 0382 0.384
8. H. jaguana 1.000 0.283
1.000

9. E gula
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specific morphological polvmorphism in bluegill
sunfish has been found to be related to foraging be-
havior and microhabitat utilization. Open water in-
habitants had fusiform bodies and short tins. where-
as littoral vegetation feeders. which are suited for
maneuvering. had deep bodies. long pelvic and pec-
toral fins. and pectoral fins attached in a posterior
position (Ehlinger & Wilson 1988. Ehlinger &
Gross 1992). Bluegill with longer pectoral fins con-
sistently searched more slowly and spent more time
in the vegetation habitat compared to bluegill with
shorter pectoral fins (Ehlinger 1990).

Both H. juguana and A. hepserus were mid-water
planktivores. filter feeding primarily on copepods.
They had high dietary overlap.and clustered closely
by diet with F. carpio. Lucas (1982) found that Meni-
dia peninsulae fed selectively on calanoid copepods
and barnacle cypris larvae as adults. whereas gravid
females primarily fed on fish larvae and amphipods.
Harengula jaguana, A. hepsetus and M. peninsitlae
had relativelv long. closely spaced gill rakers. Long.
closely spaced gill rakers are associated with plank-
tivorous filter feeders (Lagler et al. 1962. Chao &
Musick 1977) although the extent to which gill raker
spacing determines filtration efficiency is not clear

Table 4.(Top) Eigenvalues for canonical correspondence analy-
sis and detrended canonical correspondence analysis of 15 men-
sural and coded morphological variables with [RI values tor
eighteen very abundant prey taxa {Hill’'s N2) for nine species ot
seagrass fishes (M. peninsulae excluded): (Bottom) eigenvalues
for canonical correspondence analysis and detrended canonical
correspondence analysis of seven morphological variables asso-
ciated with microhabitat utilization (body depth. body width.
pectoral fin length, eye diameter. caudal fin shape. pectoral fin
shape. eye position) with [RI values lor eighteen very abundant
prey taxa (Hill’s N2) for nine species of seagrass fishes (M. penin-
sulae excluded).

Diet axes 1 2 3 1
Eigenvalues

CCA 0.033 0.027 0.012 0.008
DCCA 0.033 0.026 0.009 0.000
Diet axes 1 2 3 4

Eigenvalues

CCA 0.055 0.017 0.007 0.002
DCCA 0.055 0.017 0.001 0.000

(see Sanderson & Cech 1992). Harengula jaguana
and A. hepsetus lacked upper jaw protrusion as is
common of filter-feeding fishes (Chao & Musick
1977). Menidia peninsulae most likely picks its prey
with its small. protrusible mouth. Therefore.
morphological similarity in these species was relat-
ed to dietary similarity. particularly between H. ja-
guana and A. hepsetus.

Examining an intertidal fish assemblage off Cali-
fornia. Grossman (1986) similarly found PCltobe a
general size-related component. and PC2 lo be
trophically linked. Principal component 2 was
strongly influenced by number of gill rakers. mouth
orientation. and eve position. Wikramanavake
(1990) found a very similar suite of characters asso-
ciated with digestive efficiency. foraging behavior.
and foraging position in a tropical stream fish as-
semblage.

Group 2 fishes

Principal components analysis of all characters sep-
arated F. carpio, F. similis, C. schoepfi. and S. scovel-
li from the other species. This group was character-
ized by rounded caudal and pectoral fins. and short
or no (C. schoepfi) gill rakers. Fundulus similis and
F. carpio clustered closely in morphospace when all
variables were considered. and with S. scovelli when
only mensural variables were considered. Fundulus
similis and F. carpio were united by a suite of char-
acters including small body size. rounded or trun-
cate caudal fins. rounded pectoral fins. short pecto-
ral fins. small and lateral eyes. subterminal mouth.
short gill rakers. and small mouth width and body
depth.

In these species. morphology was reflective of
their epibenthic microhabitat utilization. Morpho-
logically. F. similis, F. carpio. C. schoepfi.and S. sco-
velli are typical of slow swimming, less maneuver-
able. epibenthic tishes that are unable to sustain
long periods of high-speed swimming (Keast &
Webb 1966. Aleev 1969. Webb 1984). Although they
occupied similar epibenthic microhabitats. F. similis
and F carpio frequented shallow inshore waters.
whereas C. schoepfi was found mostly in deeper.
sand and seagrass benthic habitats (personal obser-



vation). Syngnathus scovelli was primarily captured
among seagrass blades.

Dietary similarity among these four species did
not correlate with morphological similarity. Florid-
ichthys carpio primarilv fed on copepods presum-
ably by picking or suction. consequently. it clus-
tered by diet with Group 1 fishes. although it did not
group with those species in morphospace. Although
F similis and C. schoepfi grouped together by Index
of Relative Importance (along with £. gula). their
diets were only superficially similar. Fundulus simi-
lis fed primarily on small (0.43-2.00 mm length) bi-
valves as well as eggs which were ingested intact.
and C. schoepfi crushed large (operculum diameter
3.0-3.5 mm) gastropods. bivalves (1-3 cm length).
and barnacles. Inclusion of bivalves. albeit very dif-
ferent sizes. primarily accounted for the dietary
clustering of these species (Motta et al. 1995). Al-
though these species occupied similar microhabi-
tats. particularly £ carpio and E similis. there was
low dietary overlap among them. Syngnathus sco-
velli primarily utilizes suction feeding on amphi-
pods and shrimp and was an outlier species in terms
of both diet and morphology. Its supraterminal
mouth and dorsolateral eves suit it for capturing
prev above its body. and its lack of dentition is char-
acteristic of suction feeding fishes (Suvehiro 1942,
Lagler et al. 1962. Davis & Birdsong 1973, Alexan-
der 1974. Motta 1985. 1988).

Group 3 fishes

Principal components analvsis grouped E. gula and
L. rhomboides closely in morphospace. The size in-
dependent cluster analysis based on shape and pro-
portional variables grouped L. rhomboides, E. gula.
and £ carpio. Eucinostomus gula and L. rhom-
boides were united not only by their sub-gibbose
body shape. but also by their forked caudal fins.
pointed pectoral fins. large eves. lateral eve posi-
tion. and subterminal mouth. Lagodon rhombaoides
had a larger mouth. and longer and more closely
spaced gill rakers than £. gula. There was generally
little dietary similarity and overlap between the
species at thisstudy site. Motta et al. (1995) found L.
rhomboides to feed primarily on algae and tuni-
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cates. The pinfish is the numerically dominant spe-
cies within Thalassia testudinum beds along the sub-
tidal areas of the Gulf of Mexico (Hansen 1969) and
an important predator on macrobenthic organisms
within these seagrass beds (Young & Young 1978).
This species undergoes several ontogenetic dietary
shifts which may correspond with food availability
(Huh & Kitting 1985). although the data are con-
flicting. An increased tendency towards carnivory
with growth was reported by Subrahmanyam &
Drake (1975). and Carr & Adams (1973). This con-
trasts with the ontogenetic shift to herbivory cited
by Darnell (1958). Hansen (1969). Stoner (1980).
and Stoner & Livingston (1984).

Eucinostomus gula had a more diverse diet with
five verv abundant prey items. polvchaete worms.
bivalves. cumaceans. amphipods. and gastropods.
These findings are consistent with other studies.
Copepods dominated the diet of smaller size classes
and were gradually replaced by polychaetes as size
increased (Springer & Woodburn 1960. Carr &
Adams 1973. Brook [977. Livingston 1984).

Both L. rhomboides and E. gula were epibenthic
foragers over sandy substrates and within seagrass
beds (personal observations). Mojarras (Gerrei-
dae) use their extremely protrusible mouth to bite
or suck their benthic prev off the substrate (Cyrus &
Blader 1982. personal observationsi. Lagodon
rhomboides enher bites off pieces of seagrass and
algae with verucally opposed. straight-edged incisi-
form teeth (Stoner & Livingston 1984). or. suction
or ram feeds on elusive prey at this size (K.F. Liem
personal communication). Protrusible upper jaws
are typical of fishes that utilize either suction feed-
ing. picking or biting during feeding (Motta 1984.
1985, 1988. Liem 1980). Lugodon rhomboides. E.
gula. and F. carpio all had the most protrusible
mouths of the species examined (3.7%. 3.5%. 3.7%
of standard length. respectively) and all suck or bite
their prey off the substrate.

Morphological similarity between L. rhomboides
and E. gula was not related to diet. but more to mi-
crohabitat utilization and how they fed. Their more
compressed. sub-gibbose body. long. pointed pecto-
ral fins. and forked caudal fins make them suitable
for greater maneuverability and speed (compared
to C. schoepfi. F. similis. F. carpio. and S scovelli) as
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they suck or bite their relatively large prev within
seagrass beds or over sandy substrates (Keast &
Webb 1966. Gatz 1979a. Webb 1984).

Ouulier species

Svngnathus scovelli (discussed previously) and A.
felis were separated from most of the other species
in morphospace. Arius felis is large bodied with a
forked caudalfin. long. pointed pectoral fin, slightly
dorsolateral eve, subterminal wide mouth. long
widely spaced gill rakers. and ventral barbels. I'ts fu-
siform body shape grouped it with the mid-water
planktivorous species. However. the ictalurid body
form is suited for bottom feeding (Keast & Webb
1966). The importance of crabs and tunicates in its
diet clustered it with L. rhomboides which also con-
sumed tunicates although dietary overlap was low
between the species. )

Correspondence between morphology and diet

Canonical correspondence analysis is a powerful
tool for direct measurement of the association be-
tween environmental and species data. We found
an overall poor correlation between the morpho-
logical variables under investigation and diet. indi-
cating that the species distributions (morphology)
did not differ much along the environmental gra-
dient (dietarv gradient) (ter Braak 1986). Even
when morphological characters associated with mi-
crohabitat were considered (body depth. body
width, pectoral length, eve diameter. caudal shape,
pectoral shape. and eye position) there was poor as-
sociation with diet.

The only group in which there was some congru-
ence in morphology and diet was in the plankto-
trophic. mid-water group 1 fishes: H. jaguana. A.
hepsetus. and M. peninsulae. These species consis-
tently grouped together in morphology. and had
high dietary overlap. However, in this group of ten
species dietary similarity was not necessarily pre-
dictive of morphological similarity. for example, F.
carpio had a high dietary overlap and clustered by
IRI with the above three species. yet was morph-

ologically quite distinct. Similarly. morphological
similarity was not necessarily predictive of dietary
similarity, as exemplified by the L. rhomboides - E.
gula. and F. carpio - F. similis species groups which
had similar morphologies vet low dietary overlap.

The general lack of correlation between mor-
phology and diet is not surprising as morphology
may not only be correlated with what a fish feeds
on. but also with feeding behavior (e.g. suction. bit-
ing) or microhabitat utilization. Our study indicates
that the *fit" is not simply between morphology and
diet. but also between morphologv and microhab-
itat utilization. Quantitative assessment of micro-
habitat utilization in these seagrass fishes would
have allowed us to test the association between
morphology and habitat use.

Gatz (1979a). Movle & Senanayake (1984). Dou-
glas (1987). Wikramanayake (1990) and Winemiller
(1991) have found that morphological diversifica-
tion and specialization in stream fishes was associ-
ated with dietary and/or microhabitat specializa-
tion. Niche compression. or specialization in stream
fish communities occurred primarily in relation to
habitat selection. in the case of rainforest fishes of
north Borneo by vertical stratification. and second-
arily in preference for food resources (Watson &
Balon 1984).

Grossman (1986) found that morphological simi-
larity was a poor predictor of dietaryv similarity in an
intertidal fish assemblage. Similar to our findings
with such species as £. gula and L. rhomboides. he
found that in some cases species which were quite
similar morphologically frequently possessed very
different diets and vice versa. Pacific and Western
Atlantic butterflyfishes exhibited cases of conver-
gence, divergence, and parallelism in jaw morphol-
ogy; and jaw and head morphology was correlated
with how these fishes feed. rather than with what
they consume (Motta 1985. 1988).

The inconsistencies in ecomorphological studies
attempting to relate morphology to dietary prefer-
ence are to be expected owing to the numerous fac-
tors that can influence the relationship. A variety of
behavioral. ecological. physiological. and morpho-
logical constraints can confound ecomorphological
relationships. These constraints can be evolution-
ary (historial) or current. Current constraints may



be ecological (e.g. environmental instabilityv. re-
source availability. competition). behavioral (e.g.
behavioral flexibilitv). physiological (e.g. sensory
limitations. nutritional requirements). or morpho-
logical (e.g. structural and spatial limitations on
combining functionally relevant forms. phenotypic
plasticity) (Motta & Kotrschal 1992).

One ecological constraint that can affect eco-
morphological relationships in a study such as this is
resource availability over the species range. The
diet of each species should be examined throughout
its range and over a long enough time period to
avoid localized variabilitv. These limitations are
usually too difficult to address and only a few stud-
ies have addressed them (see Grossman 1986). Sim-
ilarly. how and where an organism feeds must be ex-
amined over its spatial and temporal range before
ecomorphological patterns can be ascertained.
There is also evidence to believe that resource par-
titioning (Ross 1986). and consequently ecomorph-
ological patterns relating to resource use. will not
necessarily be similar in different ecosystems such
as marine or freshwater habitats. streams. lakes.
coral reefs. subtropical seagrass beds and the like.

Furthermore. various analyvtical methodologies
will affect the putative correlations: the choice of
morphological characters: as we have demonstrat-
ed. lumping of mensural and coded variables signif-
icantly changes the principal components analvsis.
utilizing ratios or raw measurements. and the meth-
od of dietary analysis. for example. whether one
presents the data volumetrically. as dried or wet
weights. as percent frequency of occurrence. or as
some cumulative index such as the Index of Rela-
tive Importance. There is. therefore. no surprise to
us that there is so much variability and lack of con-
cordance among the ecomorphological studies of
fish feeding. Perhaps we should seek ecosystem-
specific patterns, and standardized methods or at
least compare the different methodologies. Even
when correlations are found between diet or micro-
habitat use and morphology. we lack the certainty
to ascertain causal relationships. Ecomorphologi-
cal studies must then proceed to the more difficuit
step, performance testing of the form-function
complex. for example. the feeding efficiency of vari-
ous gill raker designs.

Phvlogenetic patterns

It has been argued that examining more distanty
related species. rather than those with a high degree
of taxonomic relatedness. decreases the probability
of detecting ecomorphological patterns because
choosing closely related species will reduce the risk
that coincidental differences will mask significant
patterns (Huev & Bennet 1986). and closely related
species that have a long history of evolution and ra-
diation in the same region are more likely to have
ecomorphological relationships that are detectable
(Findlev & Black 1983). However. re-occurring
ecomorphological relationships among more dis-
tantly related taxa provide powerful evidence tor
convergence (Karr & James 1975. Wiens 1991b. Lo-
sos 1990a. b. Motta & Kotrschal 1992. Winemiller et
al. 1993) and reduce the probability that the eco-
morphological pattern is a chance event. but rather
one shaped by evolutionary forces related to that
particular ecomorphological relationship.

In order to ascertain that different faunas have
evolved similar patterns of niche diversification in
response to similar environmental factors one must
have a phylogeny to distinguish between conver-
gence and parallelism and to identify historical de-
sign constraints among contemporary taxa. Fur-
thermore. one must have reasonably comparable
units and scaies among: (1) heritable morphologicai
traits that reflect ecologically relevant functions. (21
faunas and taxa. and (3) regions and physical anc¢
biotic environments ( Winemiller et al. 1995). It may
then be possible to rigorously test evolutionary eco-
morphological hypotheses as has been outlined by
Felsenstein (1983). Losos (1990a. b). Winemiller
(1991). Winemiller et al. (1995). Wesneat (1993}
With the availability of a phylogeny of this broad
taxonomic group. and morphological characters
that are ecologically relevant. we can at least make
general statements about evolutionary conver-
gence and parallelism in this group of seagrass fish-
es.

These ten species of generally distantly related
fishes formed a varietv of groups that clustered in
morphospace. indicating convergence and parallel-
ism in form. The only good correlation between
dietary similarity and morphological similarity oc-
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Fig. 9. Partial phylogeny of the Teleostei based on Lauder & Liem (1983) with the ten species of seagrass fishes under investigation

indicated.

curred for the group of mid-water. plankton-feed-
ing fishes: A. hepsetus, H. jaguana. and M. penin-
sulae. The former two species are more closely re-
lated (Fig. 9). are closer to the more primitive tele-
ost body form than the other species. and share the
ancestral characters of forked caudal fins. lateral
eyes. and intermediate length pectoral fins (James
Albert personal communication). Similarity in the
characters between these clupeomorph fishes and

the atherinoid silverside is most likelv due to evolu-
tionary convergence.

The epibenthic. highly mobile and maneuverable
benthic-feeding perciform species E. gula and L.
rhomboides are relatively closely related (Fig. 9)
and presumably share derived [sub-gibbose body
form with long. pointed pectoral fins. subterminal
mouth. protrusible mouth (Schaeffer & Rosen
1961)] and ancestral characters (forked caudal fins



and lateral eves). Close phylogenetic relatedness
most likelv indicates parallel evolution in many
characters.

As a group, the epibenthic cyprinodontids £ sim-
ilis and F. carpio show convergence in some charac-
ters with C. schoepfi and S. scovelli. notably in fin
shape (more rounded pectoral and caudal fins) and
reduction in gill raker size. Ecomorphological con-
vergence in these seagrass fishes is related both to
microhabitat and trophic utilization. as has been
identified in other groups. Winemiller (1991) simi-
larly identified convergence in characters associat-
ed with diet and micro-habitat in five regional as-
semblages of fresh water fishes.

In this assemblage of ten species of seagrass fish-
es. relatively few microhabitat and trophic charac-
ters accounted for most of the variance in morphol-
ogy. Although Felley (1984) cautioned that eco-
morphological associations shown from one group
of species may not be relevant to other groups. we
note that ecomorphological studies encompassing
freshwater and marine fishes. including the works
of Gatz (1979a). Felley (1984). Movle & Sen-
anavake (1984). Watson & Balon (1984). Grossman
(1986). Motta (1988). Wikramanayake (1990).
Winemiller (1991). and this study. have found that:
(1) ecomorphological associations. when they oc-
cur. are related primarily to microhabitat utilization
and feeding: and (2) relativelv few morphological
characters account for most of association with
ecology. They include. not in any particular order of
importance: body size and shape. gill raker length
and spacing. mouth orientation and size. eye posi-
tion and size. gut length. shape and size of the pecto-
ral and caudal fin. head length. tooth shape and size.
caudal peduncle shape and size. degree of jaw pro-
trusion. and presence/absence of barbels. Eco-
morphological studies should perhaps focus on
these morphological characters when evolutionary
patterns are sought.

In summary, this assemblage of ten distantly re-
lated species of subtropical seagrass fishes demon-
strated generally poor correspondence between
morphology and diet. Morphological similarity was
only reflective of dietary similarity in the guild of
mid-water. planktotrophic fishes. Morphological
similarity in most of the remaining fishes was appar-
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ently reflective of microhabitat utilization and feed-
ing behavior. In general. three groups segregated
out: (1) a group of mid-water fishes specialized for
cruising and seeking out evasive prey. (2) slow
swimming. less maneuverable epibenthic fishes
that picked or sucked their prey off the substrate:
(3) and a group of more mobile and maneuverable
epibenthic foragers. Within this assemblage, cases
of convergence in trophic and microhabitat utiliza-
tion characters were apparent in some of the
groups. Future ecomorphological studies on fishes.
and seagrass fishes in particular. should examine
correlations between morphology and diet. micro-
habitat utilization and foraging behavior.

Acknowledgements

This study was funded in part by a University of
South Florida President’s Research Award to
PJ.M. We would like to thank Rebecca Wilcox.
Robert Windheuser and all field volunteers for
their assistance in making the research possible.

References cited

Aleev. Y.G. 1969 Funcnon and gross morphology in tish. Axac.
Sci. USSR. Sevasiopol Biol. Stn.. Israel Program tor S.i
Transl.. Jerusalem. 223 pp.

son University Library. London. 160 pp.

Atchlev. WR.. C.T. Gaskins & D. Anderson. 1976. Statisuzai
properties of ratios. 1. Empirical results. Syst. Zool. A
148.

Block. WM., L.A. Brennan & R.J. Gutierrez. 1991. Ecomorphn-
ological relationships of a guild of ground-foraging birds in
northern Califorma. USA. Oecologia 87: 449-458.

Brook. [.M. 1977. Trophic relationships in a seagrass community
(Thalassia testudinum), in Card Sound. Florida. Fish diets in
relation to macrobenthic and crvptic faunal abundance. Trans.
Amer. Fish. Soc. 106: 219-229.

Carr. W.E.S. & C.A. Adams. 1973. Food habits of juvenile manne
fishes occupying seagrass beds in the estuarine zone near
Crystal River. Florida. Trans. Amer. Fish. Soc. 102: 511-540.

Chao. L.N. & J.A. Musick. 1977. Life history. feeding habits. and
functional morphology of juvenile sciaenid fishes in the York
River Estuary. Virginia. U.S. Fish. Bull. 75: 657-702.

Comp. G.S. 1985. A survey of the distribution and migration ol
the fishes in Tampa Bav. pp. 393-425. [n: S.F. Treat.J.L. Simon.



58

R.R. Lewis & R.L. Whitman. Jr. (eds) Tampa basis. Bay Area
Scientific Information Symposium. Bellwether Press. Edina.

Comp. G.S. & W. Seaman. Jr. 1985. Estuarine habitat and fishery
resources of Florida. pp. 337—435. In: W. Seaman (ed.) Florida
Aquatic Habitat and Fisherv Resources. American Fisheries
Society. Eustis.

Cyrus. D.P. & 5.J.M. Blaber. 1982. Mouthpart structure and func-
tion and the feeding mechanisms of Gerres ( Teleostei). S. Afr.
J. Zool. 17: 117-121.

Davis, W.P. & R.S. Birdsong. 1973. Coral reef fishes which forage
in the water column. Helgol. wiss. Meeresunters. 24: 292-306.

Darnell. R.M. 1958. Food habits of fishes and larger inverte-
brates of Lake Pontchartrain. Louisiana. an estuarine commu-
nity. Publ. Inst. Mar. Sci. Univ. Tex. 5: 353—~¢16.

Douglas. M.E. 1987. An ecomorphological analysis of niche
packing and niche dispersion in stream-fish clades. pp. 144
149. /n: W.S. Mathews & D.C. Heins 1eds) Community and
Evolutionary Ecology ot North American Siream Fishes. Uni-
versity of Oklahoma Press. Norman.

Ehlinger. T.J. 1990. Habitat choice and phenotype-limited feed-
ing efficiency in bluegill: individual differences and trophic po-
lymorphism. Ecology 71: 886-896.

Ehlinger, TJ. & M.R. Gross. 1992. Ecomorphology of alterna-
tive male reproductive strategies. 72nd Ann. Meeting Amer.
Soc. Ichthyvol. Herp.. University of Illinois. Champaign-Urba-
na (abstract).

Ehlinger, T.J. & D.S. Wilson. 1988. Complex foraging polvmor-
phism in bluegill sunfish. Proc. Natl. Acad. Sci. 85: 1878-1882.

Felley. J.D. 1984. Multivariate identification of morphological-
environmental relationships within 1the cyprinidae (Pisces).
Copeia 1984: 442-455.

Felsenstein. J. 1985. Phvlogenies and the comparative method.
Amer. Nat. 125: 1-15.

Findley. J.S. & H. Black. 1983. Morphological and dietary struc-
turing of a Zambian insectivorous bat communty. Ecology 64:
625-630.

Galis. F. 1993. Interactions between the pharyngeal jaw appara-
tus, feeding behavior and ontogeny in the cichlid fish. Haplo-
chromis piceatus. A study of morphological constraints in evo-
lutionary ecology. J. Exp. Zool. 267: 137-154.

Gatz. AJ. Jr. 1979a. Ecological morphology of freshwater
stream fishes. Tulane Studies in Zoology and Botany 21: 91—
124.

Gatz. A.J.Jr.1979b. Community organization in fishes as indicat-
ed by morphological features. Ecology 60: 711-718.

Goldschmid. A.. K. Kotrschal & P. Wirtz. 1984. Food and gut
length of 14 Adriatic bleniid fish (Bleniidae: Percomorpha: Te-
leostet). Zool. Anz. 213: 145-150.

Grossman. G.D. 1986. Food resource partitioning in a rocky in-
tertidal fish assemblage. J. Zool. Lond. 1: 317-335.

Hansen. D.J. 1969. Food. growth, migration. and abundance of
pinfish Lagodon rhomboides. and Atlantic croaker. Micropo-
gon undulates. near Pensacola. Flor. U.S. Fish. Wildl. Serv..
Fish. Bull. 68: 135-146.

Hill. M.O. 1973. Diversity and evenness: an unifying notation and
its consequences. Ecology 54: 427432,

Huey. R.B. & A.F. Bennett. 1986. A comparative approach 10
field and laboratory studies in evolutionary biology. pp. 82-98.
In: M.E. Feder & G.V. Lauder (eds) Predator-Prey Relation-
ships: Perspectives and Approaches from the Study of Lower
Vertebrates. University of Chicago Press. Chicago.

Huh.S.H. & C.L. Kitting. 1985. Trophicrelationships among con-
centrated populations of small fishes in seagrass meadows. J.
exp. mar. Biol. Ecol. 92: 20-43.

Jackson. D.A.. H.H. Harvey & K.M. Somers. 1990. Ratios in aq-
uatic sciences: statistical shortcomings with mean depth and
the morphoedaphic index. Can. J. Fish. Aquat. Sci. 47. 1788
1795.

Jackson. D.A. & K.M. Somers. 1991. The spectre of "spurious’
correlations. Oecologia 86: 147-151.

Johansson. J.O.R.. K.A. Steidenger & D.C. Carpenter. 1985. Pri-
mary production in Tampa Bay: a review. pp. 279-298. /n: S.F.
Treat. J.L. Simon. R.R. Lewis & R.L. Whitman. Jr. (eds) Tam-
pa basis. Bay Area Sciemitic Information Symposium. Bell-
wether Press. Edina.

Jongman. R.H.G..CJ.F.ter Braak & O.F.R. van Tongerenieds).
1987. Data analysis in community and landscape ecology. Pu-
doc. Wageningen. 298 pp.

Karr. J.R. & F.C. James. 1975. Ecomorphological contigurations
and convergent evolution in species and communities. pp.
258-291. fn: M.L. Cody & J.M. Diamond (eds) Ecology and
Evolution of Communities. Belknap Press. Cambridge.

Keast. A. & D. Webb. 1966. Mouth and body form relative to
feeding ecology in the tish fauna of asmall lake. Lake Opinion.
Ontario. Journ. Fish. Res. Board Can. 23: 1845-1874.

Kotrschal. K. 1989. Trophic ecomorphology in eastern Pacific
blennioid fishes: character transformation of oral jaws and as-
sociated change of their biological role. Env. Biol. Fish. 24:
199-218.

Lagler. K.F..J.E. Bardach & R.R. Miller. 1962. Ichthyology. John
Wilev and Sons. New York. 497 pp.

Lauder.G.V. & K.F. Liem. 1983. The evolution and interrelation-
ships of the Actmopterygian fishes. Bull. Mus. Comp. Zool.
150: 95-197.

Leisler. B. 1980. Morphological aspects of ecological specializa-
tion in bird genera. Okol. Vogel. 2: 199-220.

Leisler. B. & H. Winkler. 1985. Ecomorphology. pp. 153-186. In:
R.F. Johnston (ed.) Current Ornithology. Plenum Press. New
York.

Liem. K.F. 1980. Adaptive significance of intra and interspecific
differences in the feeding repertoires of cichlid fishes. Amer.
Zool. 20: 295-314.

Livingston. R.J. 1976. Diurnal and seasonal fluctuations of orga-
nisms in a north Florida estuarv. Estuarine and Ccastal Ma-
rine Science 4: 373—400.

Livingston. R.J. 1982. Trophic organization of fishes in a coastal
seagrass system, Mar. Ecol. Prog. Ser. 7: 1-12.

Livingston, R.J. 1984. Trophic response of fishes to habitat varia-
bility in coastal seagrass systems. Ecology 65: 1258-1275.

Losos. J.B. 1990a. Ecomorphology. performance capability. and
scaling of West Indian Anolis lizards: an evolutionary analysis.
Ecol. Monogr. 60: 369-388.



Losos. J.B. 1990b. The evolution of form and function: morphol-
ogy and locomotor performance in West Indian Anolis lizards.
Evolution 44: 1189-1203.

Lucas. J.R. 1982. Feeding ecology of the gulf silverside. Menidia
perunsulae, near Crystal River. Florida. with notes on its life
history. Estuaries 5: 138-144.

Ludwig. J.A. & J.F. Reynolds. 1988. Statisticai ecology. John Wi-
ley and Sons. New York. 337 pp.

Miles. B.M.. R.E. Ricklefs & J. Travis. 1987. Concordance of eco-
morphological relationships in three assemblages of passerine
birds. Amer. Nat. 129: 347-364.

Miles. D.B. & R.E. Ricklefs. 1984. The correlation between ecol-
ogy and morphology in deciduous forest passerine birds. Ecol-
ogy 65: 1629-1640.

Motta. PJ. 1984. Mechanics and functions of jaw protrusion in
teleost fishes: a review. Copeia 1984: 1-18.

Motta. PJ. 1985, Functional morphology of the head of Hawaiian
and Mid-Pacific buttertlyfishes (Perciformes. Chaetodonti-
Jae). Env. Biol. Fish. 13: 253-276.

Motta. P.J. 1988. Functional morphology of the feeding appara-
tus of ten species of Pacific butterflyfishes ( Perciformes. Chae-
todontidae): and ecomorphological approach. Env. Biol. Fish.
22:39-67.

Motta. PJ. & K.M. Kotrschal. 1992. Correlative. experimental.
and comparative evolutionary approaches in ecomorphology.
Neth. J. Zool. 42: 400-415.

Motta. PJ..K.B. Clifton. P. Hernandez. B.T. Eggold. S.D. Giorda-
no & R. Wilcox. 1995. Feeding relationships among nine spe-
cies of seagrass fishes of Tampa Bav. Florida. Bull. Mar. Sci. 56:
185-200.

Moyle. PB. & F.R. Senanayake. 1984. Resource partitioning
among the fishes of rainforest streams n $Sn Lanka. J. Zool.
Lond. 202: 195-223.

Norton. 5.F. 1991. Capture success and diet of cottid fishes: the
role of predator morphology and attack kinematics. Ecology
=2: 1807-1819. -

Pinkas. L.. M.S. Oliphant & L.L.K. Iverson. 1971. Food habits of
albacore. bluefin tuna and bonito in Califorma Waters. Calif.
Fish Game. 152: 1-105.

Pounds. J.A. 1988. Ecomorphology. locomotion. and microhab-
nat structure: patterns in a tropical mainland Anolts commu-
nity. Ecol. Monog. 58: 299-320.

Reist. J.D. 1985. An empirical evaluation of several univariate
methods that adjust for size variation in morphometric data.
Can. J. Zool. 63: 1429-1439.

Ricklefs. R.E. & G.W. Cox. 1977. Morphological similarity and
ecological overlap among passerine birds on St. Kitts. British
West Indies. Oikos 29: 60-66.

Rickiefs. R.E. & J. Travis. 1980. A morphological approach to
the study of avian community organization. The Auk 97: 321-
338.

Ross. S.T. 1986. Resource partitioning in fish assemblages: a re-
view of field studies. Copeia 1986: 352-388.

Sanderson. S.L. & J.J. Cech. Jr. 1992. Energetic cost of suspen-
sion feeding versus particulate feeding by juvenile Sacramen-
to blackfish. Trans. Amer. Fish. Soc. 121: 149-157.

39

Schaeffer. B. & D.E. Rosen. 1961. Major adaptive levels in the
evolution of the actinoptervgian feeding mechanism. Amer.
Zool. 1: 187-204.

Springer. V.G. & K.D. Woodburn. 1960. An ecological study ot
the fishes ot Tampa Bay area. Fla. St. Board Conser. Prof. Pap.
1: 1-104.

Stoner. A.W. 1980. Feeding ecology of Lagodon rhomboides
(Pisces. Sparidae): variation and functional response. L'S
Fish. Bull. 78: 337-352.

Stoner. A.W. 1983. Distribution of fishes in seagrass meadows:
role of macrophyte biomass and species composition. LS.
Fish. Bull. 31: 837-846.

Stoner. A.W. & RJ. Livingston. 1984. Ontogenetic patterns n
diet and feeding morphology in sympatric sparid fishes from
seagrass meadows. Copeia 1984: I74-187.

Strauss. R.E. 1987. The importance of phviogenetic constrains
1n comparisons ol morphological structure among fish assem-
blages. pp. 136-143. /n: W.J. Mathews & D.C. Heins teds) Eve-
lutionary Ecology of North American Stream Fishes. Univer-
sitv of Oklahoma Press. Norman.

Subrahmanyam. C.B. & S.H. Drake. 1975. Studies on the animai
communities 1n two north Florida salt marshes. Part 11I. Sea-
sonal fluctuations of fish and macroinvertebrates. Bull. Mar.
Sci. 25: 445465,

Suvehiro. Y. 1942, A study on the digestive system and feeding
habits of fish. Japan. J. Zool. 10: 1-301.

ter Braak. C.J.F. 1986. Canonical correspondence analysis: anew
eigenvector technique for muitivanate direct gradient anan-
sis. Ecology 07: 1167-1179.

ter Braak. C.J.F. 1987. The analyvsis of vegetation-environmen:
relationships 0y canonical correspondence analysis. Vegetal.s
A9: 69-"".

ter Braak. C...F. 1988. CANOCO- a FORTRAN program for c:-
nonical communiuy ordination by correspondence analvsis
principai ccmponents analysis and redundancy analysis (ver-
ston 3.12). Report LWA-83-02. Agniculturai Mathemaniss
Group. Wageningen. 95 pp.

Thaver. G.W . D.R. Colby & W.F. Hettler. Jr. 1987. Unilization ¢:
the red mangrove prop root habitat by fishes in south Florida.
Mar. Ecol. Prog. Ser. 35: 25-38.

Wainwright. P.C. 1987. Biochemical limits to ecological perform-
ance: moilusc-crushing by the Canbbean hogfish. Lachnola:-
mus maxonus (Labridae). J. Zool. Lond. 213: 283-297.

Wainwnight, PC. 1988. Morphology and ecology: functional bas:s
of feeding constraints in Caribbean labrid fishes. Ecology o%
635645,

Wainwright. PC. 1991. Ecomorphology: experimental functiona,
anatomy ior ecological problems. Amer. Zool. 31: 680-693.
Watson. D.J. & E.K. Balon. 1984. Ecomorphological analysis ot
fish taxocenes in rainforest streams of northern Borneo. J.

Fish Biol. 23: 371-384.

Webb, P.W. 1984. Body form. locomotion and foraging in aquatic
vertebrates. Amer. Zool. 24: 107-120.

Wesneat. M.W. 1995. Phvlogenetic svstematics and biomechan-
ics in ecomorphology. Env. Biol. Fish. (in press).



60

Wiens. J.A. 1991a. Ecological similarity of shrub-desert avifau-
nas of Australia and North America. Ecology 72: 479495,
Wiens. J.A. 1991b. Ecomorphological comparisons of the shrub-
desert avifaunas of Australia and North America. Oikos 60:

55-63.

Wiens.J.A. & J.T. Rotenberry. 1980. Patterns of morphology and
ecology in grassland and shrubsteppe bird populations. Ecol.
Monogr. 50: 287-308.

Wikramanavake. E.D. 1990. Ecomorphology and biogeography
of a tropical stream fish assemblage: evolution of assemblage
structure. Ecology 71: 1756-1764.

Winemiller. K.O. 1991. Ecomorphological diversification in low-
land freshwater fish assemblages from five biotic regions.
Ecol. Monogr. 61: 343-365.

Winemiller. K.O..L.C. Kelso-Winemiller & A.L. Brenkert. 1995.
Ecomorphological diversification and convergence in fluvial
cichlid fishes. Env. Biol. Fish. 44: 235-261.

Yamaoka. K. 1983. Feeding behaviour and dental morphology ot
algae scraping cichlids {Pisces: Teleoste1} in Lake Tanganyika.
African Study Monographs 4: 77-89. )

Yamaoka. K.. M. Hori & S. Kuratani. 1986. Ecomorphology ot
feeding in "goby-like’ cichlid fish in Lake Tanganyika. Physiol.
Ecol. Japan. 23: 17-29.

Young. D.K. & M.W. Young. 1978. Regulation of species densi-
ties of seagrass-associated macrobenthos: evidence from field
experiments in the Indian River estuary. Fla. J. Mar. Res. 36:
569-593.



