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Abundance, distribution and feeding patterns of a temperate reef fish in
subtidal environments of the Chilean coast: the importance of
understory algal turf
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ABSTRACT

Cheilodactylus variegatus an abundant carnivorous demersal reef fish that lives in the shallow subtidal of the north-
central Chilean coast. Characteristically, these environments are dominated by kelp fdresseof trabeculata

This species preys on a great variety of benthic invertebrates, and shows particularly high consumption rates on
amphipod crustaceans. In our study, two widely separated populatiGnsafiegatusvere considered (central and
northern Chile). Individuals that form part of these populations show considerable differences in their distribution,
abundance and trophic behavior. In the northern zone, the species is abundant and both juveniles and adults are
distributed along the whole bathymetric gradient. This contrasts with populations found in central Chile, which are more
sparse and lack juveniles. The distribution and abundance patterns appear to be influenced mainly by the great
abundance of diverse understory macroalgae in the northern subtidal, which harbors a large number of invertebrates,
especially amphipods. In contrast, the understory algal abundance of the central zone is much lower, and does not show
a direct relationship with the lesser abundance of amphipods. In g&heratiegatusnaintains a high consumption

rate on amphipods throughout its ontogeny but it includes several other prey items in later ontogenetic stages. The
different understory algal assemblages, and their associated fauna, are likely to be the main factors influencing the
patterns of abundance and distribution observed between these two geographically distinct fish populations.

Key words: Cheilodactylidae, shallow subtidal, understory macroalgae, carnivorous fish, amphipods, distribution,
abundance, Chile.

RESUMEN

Cheilodactylus variegatuss un pez demersal abundante que habita el submareal somero de la costa norte y central de
Chile. Es caracteristico de estos ambientes el estar dominados por praderas dssalga trabeculatdEsta especie

incorpora en su dieta una variada gama de invertebrados benténicos, mostrando una tasa particularmente alta de
consumo de crustaceos anfipodos. En nuestro estudio, se considerd dos poblaciones ampliamente s€paradas de
variegatus (centro y norte de Chile). Los individuos que integran estas poblaciones exhiben claras diferencias en su
distribucion, abundancia y comportamiento tréfico. En la zona norte, la especie es abundante y tanto juveniles como
adultos se distribuyen a lo largo de todo el gradiente batimétrico. Esto contrasta con las poblaciones de la zona central
de Chile, las que estan mas dispersas y desprovistas de juveniles. El patrén de distribucion y abundancia parece estar
principalmente influenciado por la gran abundancia de diversas especies de macroalgas que conforman el subdosel en
el submareal del norte, el que es habitado por un gran nimero de invertebrados, especialmente anfipodos. En contraste,
la abundancia de algas del subdosel de la zona central es mucho menor y no muestra una relacion directa con la menor
abundancia de anfipodos observada. La tasa de consur@o vargegatusejerce sobre anfipodos es en general alta
durante toda su ontogenia, incorporando a otros items presa en estadios ontogenéticos posteriores. Es posible que los
diferentes ensambles de diversas algas de subdosel, junto con su fauna asociada, sean el principal factor que afecta los
patrones de abundancia y distribucion observado entre estas dos poblaciones de peces geograficamente distintas.

Palabras clave:Cheilodactylidae, submareal somero, algas de la capa del subdosel, pez carnivoro, anfipodos,
distribucién, abundancia, Chile.
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INTRODUCTION The aims of the present study were: (1) to
determine the patterns of abundance and distribu-

Several factors have been documented that etien of Cheilodactylus variegatyg2) to provide
plain the patterns of distribution and abundanca detailed description of its natural diet through-
of littoral marine fish (Choat 1982, Choat & Aylingout its ontogeny, and (3) to assess the importance
1987). Among others, substratum heterogeneinf kelp and understory beds in affecting the spa-
has been indicated frequently as playing an intial distribution and trophic behavior of this spe-
portant role affecting both diversity and abuncies.
dance of reef fish assemblages (Luckhurst & This study was conducted on a broad geographi-
Luckhurst 1978a, 1978b, Sedberry & Van Dolaltal scale, which included two study sites within
1984, Richards 1986, Choat & Bellwood 1991two zones that strongly differ in diversity and
Ebeling & Hixon 1991). In rocky subtidal habi-abundance of benthic macroalgae (Camus & Ojeda
tats, the presence of macroalgal beds markedl92, Caceres et al. 1994).
increases substratum complexity, adding a three-
dimensional component to the environment (Stoner
& Livingston 1980, Larson & De Martini 1984). MATERIAL AND METHODS

It has frequently been shown that the presence
of macroalgae, particularly kelp beds, affects th8tudy sites
distribution and abundance of littoral marine fish
(Moreno et al. 1979, Choat 1982, Bodkin 1988This study was conducted in the rocky subtidal
Anderson 1994). Macroalgae may serve as refugene at four sites on the Chilean coast: Caleta
from predators (Werner et al. 1983, Larson & D&rrazuriz (2329’ S, 70 38" W) and Isla Santa
Martini 1984, Carr 1989, De Martini & RobertsMaria (2327’ S, 70 38’ W) in the north of Chile
1990, Gotceitas 1990a, 1990b) or as grazing hab the vicinity of Antofagasta (Tropic of Capri-
tats (Holbrook & Schmitt 1984, 1989, Moreno &corn), and Punta de Tralca 335’ S, 72 42’ W
Jara 1984, De Martini & Roberts 1990, Gotceitay and Quintay (3311' S, 72 43' W) in central
1990a, 1990b, Hay et al. 1990). Most of thes€hile near Valparaiso (Fig. 1). The substratum of
studies, however, have focussed on assessing the
ecological importance of large brown algae (i.e.,
kelp), paying little attention to the potential role
that understory algae might have on the structu
and abundance of temperate reef fish assemblac
(Angel & Ojeda 2001). At such scale, understor
algae provide multiple opportunities for micro-
habitat utilization by fishes (e.g., refugia anc =u:
habitat for preys).

Cheilodactylus variegatu®/alenciennes 1833)
isacommon carnivorous reef fish inhabiting rock
subtidal habitats along the northern and centr:
coast of Chile (Miranda 1967, Moreno et al. 197¢  —
Soto 1985). It ranges from Paita (064'S, 81 =
05’'W), Peru to Metri bay (4136'S, 72 43'W), [
Chile (Chirichigno 1974, Vargas & Pequefio 2001)
Despite being reported as one of the most abu
dant nearshore fishes along this range (Miranc
1967), little quantitative information has beer s+
gathered on basic aspects of its biology and ecc
ogy. Nielsen (1963) reported post-larval stages ¢
this species in open waters off the coast of Pe
and northern Chile. More recently, Soto (1985
and Nufiez & Vasquez (1987) documented the
adult populations ofC. variegatusare closely
associated with the brown kelpessonia
trabeculatag preying upon a large suite of inverte-Fig 1: Location of the study sites of the northern
brates. Other basic natural history aspects of thignd central coast of Chile.
organism, particularly those related to juvenileubicacién de los sitios de estudio en la costa norte y centro
stages, remain unknown. de Chile.
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the subtidal zone in all these sites is similar anthetric composition, and FO = frequency of oc-
consists of a sloping bedrock with large ledgesurrence as percentage.
and boulders in the shallower portions, (0-6 m The abundance patterns 6f variegatuswere
depth), and with increasing proportions of sand imetermined by using a catch-per-unit-effort
the deeper portions (6-18 m depth). Large plant&CPUE) measurement (Ojeda & Dearborn 1990)
of the brown kelpLessonia trabeculataform an and compared by means of one factor ANOVA.
extensive bed extending from 3 to 12 m below To estimate prey availability, we analyzed the
MLWL, although less abundant, individual plantsdistribution and abundance of benthic macroalgae
grow at depths of 16-18 m. There are markednd invertebrates from replicate 0.25 guad-
differences however, in the understory algal asrants, which were randomly sampled by SCUBA
semblages between the northern sites and tl{Eringle 1984) at four different depths (3, 5, 7,
central ones. The understory in Caleta Errazuriand 9 m). Fifty-six quadrats were sampled in the
and Isla Santa Maria (hereafter referred as NortiNZ and 50 quadrants were sampled in the CZ. All
ern Zone = NZ) consists of a suite of speciemacroinvertebrates and algae found within the
dominated byUlva spp., Halopteris hordacea quadrats were removed from the substratum with
Asparagopsisspp,Chondriaspp. andChondrus the aid of scraping knives. Organisms were either
spp. (Céaceres et al. 1993). In contrast, the undemanually collected and deposited in sampling
story algal community in Punta de Tralca andags of 1 mm mesh size or vacuumed with an
Quintay (hereafter referred as Central Zone = CZAjirlift device (Palma et al. 1998). All sampled
is conspicuously poor both in abundance andrganisms were placed in labeled plastic bags,
species diversity, with small isolated patches ofixed in 5 to 10 % of seawater formalin solution
Glossophora kunthiandGelidiumspp. and transported to the laboratory for analysis.
Although C. variegatusis a benthic feeder,
personal field observations show that it preferen-
Samplings tially harvests invertebrate prey from certain
benthic algae,Halopteris hordaceaand
Identical seasonal samplings were performed foAsparagopsisspp. in the NZ andslossophora
fish and for the benthic flora and fauna at the foukunthiiin the CZ. Prey on these algal species were
sites. In NZ, samplings were conducted in Maysampled by placing a plastic bag over each plant
August and November 1989, and in January, Junenderwater. The samples were preserved in 10 %
September and November 1990. In CZ, they wergeawater formalin solution. Invertebrates were re-
carried out in May, September and Novembemoved from the algal samples in the laboratory by
1989 and in January, June and August 1990. vigorous washing, then counted and identified.
Fish were sampled for 3 days and 3 nights usingssociation between amphipods and the algae were
three 3 x 50 m experimental gillnets consisting o&nalyzed in terms of number and dry biomass of
five panels (graded in mesh size from 10 to 5@mphipods per dry algal biomass.
mm) that were randomly set along the bottom, To determine the spatial distribution and abun-
perpendicular to the coastline at depths betweendance of fish as well as substratum type along the
and 18 m. The gillnets were set within the firstbathymetric gradient, visual underwater censuses
hour after sunrise and retrieved one hour befor@ere conducted during the day time using SCUBA.
sunset. All captured specimens were measureiltotal of 32 and 49 transects extending across the
(standard length = SL, and maxillary length =kelp bed were made from 0 to 10 m below MLWL
ML) to the nearest millimeter, and weighed to then the NZ and the CZ, respectively. Each transect
nearest 1.0 g. Their stomachs, intestines, angdas 4 m wide. Transects were surveyed in seg-
gonads were removed and fixed in a 5 to 10 %nents covering 2 m depth intervals. The total
solution of buffered formalin in seawater, placedurface covered by every 2 m depth interval was
in labeled plastic bags, and transported to tha function of the slope of the bottom which was
laboratory for further analysis. calculated by placing a line perpendicular to the
The diet ofC. variegatuswas estimated from coast line going from the shallowest to the deep-
gut contents and identified to the finest taxoest part of the area surveyed. Two divers indepen-
nomic resolution, counted, measured to the neadently searched each of these areas exhaustively,
est millimeter, and wet-weighed to the nearestecording the number of adults and juvenile speci-
milligram. The importance of each prey speciesmens ofC. variegatus Based on gonad differen-
was evaluated by calculating an index of relativéiation, fish less than 176 15 mm SL (80t 5 g)
importance IRI (Pinkas et al. 1971), as followswere designated as juveniles. A G-test analysis of
IRl = (N + W) FO, where N = percentage of2 x 2 contingency tables was used to determine
numerical composition, W = percentage of graviwhether the spatial distribution &f. variegatus
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was significantly associated with. trabeculata two sites within each zone (one factor ANOVA,
forests. NZ: F = 0.234, P = 0.630, CZ: F = 0.180, P =
The bathymetric distribution of. variegatus 0.673).
inthe C. Z was analyzed by a one factor ANOVA The presence of numerous juvenilesinthe popu-
and by a two factor ANOVA in the NZ. In either lations of the NZ (56 individuals), resulted in a
case, data of abundance by depth were analyzedhaller mean size for the NZ population (mean
using the F-max test of variance homogeneitpody weightt 1SD, NZ =233 559, CZ =752
(Sokal & Rohlf 1981). The results of this testl01 g, one-way ANOVA, F=147.84, P <0.0001).
showed lack of homogeneity in the bathymetricThe mean body weight for individuals with devel-
gradient, therefore a logarithmic transformatioroped gonads (adults) also differed significantly
was used (In [1 + X]; Sokal & Rohlf 1981). A onebetween zones (NZ = 28361 g ¢ 1 SD), CZ =
factor ANOVA was also used to study the patter62+ 88 g ¢ 1 SD), one-way ANOVA, F=72.73,
of algal abundance along the bathymetric gradiP < 0.01). Accordingly, the data from the north-
ent. ern zone and the central zone were treated inde-
The association between algal biomass angendently for further analyses.
amphipods by depth and the seasonal variation of The bathymetric distribution o€. variegatus
prey (invertebrates) availability and diet werein both zones was closely associated with the
analyzed using non-parametric statistics. In thpattern of spatial distribution ofessonia
first case, the Kendall rank-order correlation testrabeculata (G-test, G = 131.85, d.f. = 1, P <
was used to determine measurements of associ@001). At both zonesZ. variegatuswas mainly
tion; in the second case the Kolmogorov-Smirnowistributed between 0 and 10 m depth (Fig. 2A,
two sample test was applied for goodness of fi2B). Cheilodactylus variegatusvas rarely seen
(Siegel & Castellan 1988). below 10 m depth (personal observation). This
Pearre’s “C” selectivity coefficient (Pearre coincides with the maximum depth reached by the
1982) was used to estimate preferences in diet beds ofL. trabeculatain both zones, and indi-
the eight most abundant prey (by biomass). Seleegiduals were rarely seen swimming outside the
tivity was compared for each prey in relation tokelp beds.
the remaining taxa available in the environment When comparing the bathymetric distribution
that were also presentin the dietfvariegatus of this species within the NZ, a significant in-
Relationships between the largest prey found inrease in the number of individuals was detected
each gut, expressed in mg, and the importance with depth for juveniles (SL <170 mm) and adults
biomass of amphipods in the diet during ontog{two-way ANOVA, F = 6.547, P = 0.0002, see
eny, standardized by the size of each fish, werkig. 2A). This trend was also present but not
compared by simple regression analyses. In bosignificant in the populations of the CZ where the
cases a transformation (In [1 + x]) to the size oEomplete absence of juveniles in the subtidal was
the largest prey (mg) and to the ratio betweenonspicuous (Fig. 2B). Moreover, a homogeneous
amphipod biomass (mg) and fish size (g) waslistribution pattern was evident in the NZ among
performed to make those factors linear in relatiojuveniles and adults at the different depths, as
to the fish size in grams. Both independent varithere was no significant interaction between age
ables were log-normally distributed, and thereelass and depth (two-way ANOVA, F = 0.489, P
fore a logarithmic transformation was appropri= 0.487, Fig. 2A).
ate to normalize the data. The diversity of the diet
in each zone was estimated by applying the Shan-
non diversity index (H) (Zar 1999). SignificanceCharacteristics of the habitat
level was set att = 0.05 in all parametric statis-
tical analyses. Lessonia trabeculatas common on rocky bot-
toms throughout its range, but morphological
differences exist between plants of these two

RESULTS regions. In the NZ these kelp beds are formed by
highly branched, short plants, contrasting with
Abundance and spatial distribution the less branched and taller plants found in the CZ

(Camus & Ojeda 1992). Although both systems
A total of 240 specimens ranging in size from 93&re dominated by. trabeculata 30 other algal
to 350 mm in SL were captured in the NZ and 55pecies were found in the NZ and only 15 species
individuals ranging from 170 to 390 mm in thein the CZ along the bathymetric gradient. Biom-
CZ. No significant differences in abundance patass of algae was constant over the depth range
terns ofC. variegatuswere detected between theexamined within each zone and one order of mag-
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Fig. 2: Abundance ofCheilodactylus variegatuim each of five depth zones of: (A) the northern (NZ) and
(B) central (CZ) zones. Fish abundance is the number of individudlsSD) at each depth interval. Data
were (In [1 + x]) transformed for ANOVA. Interrupted lines represent significant differences at P < 0.05.
Abundancia de&Cheilodactylus variegatusn cada una de cinco zonas de profundidad en la zona: (A) norte (NZ) y (B)

centro (CZ). La abundancia de peces se expresa como el nimero de indi¥idudEg) en cada intervalo de profundidad.
Los datos fueron transformados (In [1 + x]) para el ANOVA. Lineas interrumpidas significan diferencias a P < 0,05.
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nitude higher in the NZ (one-way ANOVA, NZ: F highest for amphipods in both zones (12,706 ind
=0.191,P=0.902,CZ: F=0.268, P =0.848, Fign NZ and 8,202 ind in CZ). The remaining prey
3). showed similar levels of importance in both zones
Of the remaining algal species (other thlan (Table 2).

trabeculatg the following represent over 80 % of
the algal biomass in each zone; Ndlva spp.,
Asparagopsisspp., Halopteris hordaceaand s L B g
Chondrus spp., CZ:Glossophorakunthii. and

Gelidiumspp.

KN |-

Trophic behavior and variation of the diet in
relation to body size

Gut contents were analyzed in 120 out of 24
individuals captured in the NZ and only 10 (8.
%) were found empty. In the CZ 3 (5.5 %) of ths i
gut contents of the 55 individuals captured wer
empty.

Cheilodactylus variegatusppeared to be a gen- 0
eralist carnivore preying on a variety of benthi 3 1 1 a
invertebrates. When considering together the g Diepih (ary
contents of both zones, 80 prey items were idefgig, 3: Abundance of the total different algae
tified. Of these, Only 28 accounted for greatE(exdudingLessonia present at each of four
than 1 % of consumed biomass. Together thesgepths at the northern and central zones. Algal
taxa accounted for 89 % in weight of the total guhbundance is the mean biomassl(SE) at each
contents analyzed (Table 1). The greatest impogepth.
tance in weight was due to several amph'pogbundancia del total de distintas algas (excluyendo a
crustaceans (47 %) and decapod crustaceans (déssonia presentes a cada una de cuatro profundidades en
%). The former were numerically most importantias zonas norte y central. La abundancia de algas es la
(72 %). When grouped in higher taxa the IRI wa®iomasa promediatl EE) a cada profundidad.

Akgal Mormess (RTL258 )
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The density of amphipods in benthic algae wasopods and polyplacophora were positively se-
determined for three species (Table 3). Only iected and gastropods were negatively selected.
the NZ was there a close association betweenWhen considering only amphipods there was no
amphipod and algal biomass at all depths consighattern in their consumption with fish size in the
ered (Kendall partial rank-order correlation coefNZ (NZ: r>= 0.019, F = 2.124, P = 0.148) (Fig.
ficient, NZ: T =0.283, P <0.01, CZ: T = 0.135,4A), but in the CZ small fish consumed propor-
P =0.21). tionally more amphipods than larger fish (CZ& r

Selectivity of prey was minimal in both locali- 0.142, F = 4.128, P = 0.05) (Fig. 4B).
ties (Table 4). In the NZ the only selectivity was LargerC. variegatusconsumed larger prey in
negative for gastropods. In the CZ amphipodsthe NZ (= 0.34, F =54.4, P < 0.0001) (Fig. 5A),

TABLE 1

The 28 most important prey items (> 1 % in biomass of gut contents) from 80 that were found
in 147 stomach analyzed. This represents the combined gut contents of the NZ and CZ.
Proportion in biomass (PB) and number (PN) is givenz(less than 0.01

Veinte y ocho de las presas mas importantes (> 1 % de la biomasa del contenido gastricos) de las 80 que fueron
encontradas en los 147 estémagos analizados. Se presentan los resultados combinados de los contenidos de NZ y CZ.
Proporcién de la biomasa (PB) y del numero (PN) total de pregas;nenor que 0,01

Prey item PB PN
Polychaeta
Sabellariidae
Phragmatopomap. 0.02 *
Nereididae 0.01 *
Lumbrineridae 0.01 *
Mollusca
Polyplacophora
Chiton cumingsiiFrembley 0.01 *
Chaetopleurasp. 0.01 *
Toniciasp. 0.06 *
Gastropoda
Eatoninasp. 0.03 0.07
Eatoniellasp. 0.01 0.04
Fisurella maximaSowerby 0.01 *
Fisurella cumingsReeve 0.01 *
Fisurella costata_esson 0.01 *
Bivalvia
Entodesmasp. 0.07 0.01
Crustacea
Branchiopoda 0.01 0.06
Decapoda
Cancer setosublolina 0.01 *
Pilumnoides perlatu§Poeppig) 0.04 0.01
Allopetrolisthes angulosu@uerin) 0.01 *
Pisoides edwardgiBell) 0.03 *
Acanthonyx petiveriH.Milne Edwards) 0.01 *
Synalpheus spinifron@.Milne Edwards) 0.02 *
Pagurus comptu$vhite 0.01 *
Isopoda
Exosphaeroma giga@.each) 0.01 0.02
Amphipoda
Gamaridea 0.46 0.69
Caprellidea 0.01 0.03
Echinodermata
Echinoidea
Tetrapygus nigefMolina) 0.01 *

Total 251 (9) 30,988 (ind)
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but not in the CZ @ 0.09, F = 2.49, P = 0.128)
(Fig. 5B). This is not surprising since there is a
positive correlation between body size (g) and’he geographic range of this study provided the
mouth size (maxillary length) for this species (mpossibility of studying populations of
=0.90, P <0.001). Cheilodactylus variegatusinder different envi-

DISCUSSION

TABLE 2

The importance of different species or OTU (other taxonomic units) ordered in higher taxa
that conform the diet o€heilodactylus variegatusThe index of relative importance (IRI)
proposed by Pinkas et al. (1971) consider biomass (%), number (%) and frequency of
occurrence (%) of each prey item

Importancia de diferentes especies o OUT (otras unidades taxonémicas) ordenadas en taxa mayores que conforman

la dieta deC. variegatus El indice de importancia relativa (IRI) propuesto por Pinkas et al. (1971) considera la
biomasa (%), el nimero (%) y la frecuencia de ocurrencia (%) de cada item de presa

Prey taxa

Species or OTU n (%) FO (%) W (9) (%) IRI
(A) Northern zone
Polychaeta ) 11 (0.14) 10 (19.61) 5.37 (12.84) 255
Mollusca
Polyplacophora 1) 1 (0.01) 1 (1.90) 0.02 (0.05) 0
Gastropoda (6) 1,278 (16.40) 29 (56.90) 5.20 (12.40) 1,636
Bivalvia (2) 42 (0.54) 3 (5.88) 0.20 (0.48) 6
Arthropoda
Crustacea
Amphipoda (6) 5,968 (76.47) 46 (90.20) 26.93 (64.40) 12,706
Isopoda ) 51 (0.65) 14 (27.45) 0.26 (0.62) 35
Cumacea 1) 30 (0.38) 2 (3.92) 0.02 (0.05) 2
Decapoda (5) 45 (0.58) 25 (49.02) 2.42 (5.79) 312
Zoea Larvae 1) 32 (0.41) 3 (5.88) 0.03 (0.07) 3
Megalopa Larvae 1) 11 (0.14) 1 (1.96) 0.08 (0.19) 1
Branchiopoda (1) 323 (4.14) 13 (25.49) 0.68 (1.63) 141
Echinodermata
Echinoidea Q) 4 (0.05) 5 (9.80) 0.17 (0.41) 5
(B) Central zone
Nemertea 1) 13 (0.28) 3 (7.89) 0.47 (0.50) 4
Polychaeta (10) (2.49) 22 (57.89) 5.37 (5.69) 473 116
Mollusca
Polyplacophora (4) 51 (1.09) 15 (39.47) 11.64 (12.34) 530
Gastropoda (14) 136 (2.92) 22 (57.89) 8.88 (9.41) 713
Bivalvia ) 248 (5.32) 20 (52.63) 16.21  (17.18) 1,184
Arthropoda
Inscta 1) 19 (0.41) 10 (26.32) 0.16 (0.17) 15
Chelicerata
Pycnogonida 1) 1 (0.02) 1 (2.63) 0.10 (0.11) 0
Crustacea
Amphipoda (6) 3,509 (75.32) 29 (76.32) 30.33 (32.15) 8,202
Isopoda (5) 94 (2.02) 17 (44.74) 0.94 (1.00) 135
Cumacea (1) 6 (0.13) 3 (7.89) 0.03 (0.03) 1
Cirripedia (2) 24 (0.52) 4 (10.53) 0.22 (0.23) 7
Decapoda (13) 428 (9.19) 28 (73.68) 19.44  (20.60) 2,194
Echinodermata
Echinoidea (2) 14 (0.30) 6 (15.79) 0.56 (0.59) 14
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TABLE 3

Relationship between amphipod dry biomass (mg) and the number of amphipods per 1 g dry
algal biomass. Numbers are the average and standard deviation, respectively. Sample size is
12 plants in each case; Northern Zone (NZ) and Central Zone (CZ)

Relacion entre la biomasa seca de anfipodos (mg) y el nimero de anfipodos por gramo seco de biomasa algal.
Numeros corresponden al promedio y la desviacion estandar, respectivamente. El tamafio muestral fue de 12 plantas
en cada caso; Zona Norte (NZ) y Zona Central (C2)

Algal species Amphipod biomass Amphipod number

Halopterissp. 15.7£ 9.1 46.2+ 20.8 NZ
Asparagopsisp. 20.1+ 8.7 75.6+ 18.0 NZ
Glossophorasp. 25.6+12.3 59.0+ 25.1 Ccz

ronmental conditions. One species distribute: (A

along a wide geographical range is likely to be d - ] »
exposed to different conditions that can be abi I_I.I-‘ﬂ?wﬁﬁ;? "
otic (e.g., temperature, salinity) or biotic (e.g., .

different community composition). The analysis ¥

of these results shows both similarities and dif
ferences for certain life history aspects such a - =
population density, size frequency distribution
and feeding habits.

Patterns of distribution, abundance and dietar
(trophic) habits of this species were closely assc
ciated with its habitat (i.e., rocky bottoms domi-
nated by extensive kelp beds). The negative ¢
positive effect that kelp-dominated systems exel
upon the abundance of different fish species i
shallow subtidal environments has been widel
documented for systems in the northern hemi
sphere (Dayton 1985a, 1985b, De Martini & Rob-
erts 1990, Holbrook et al. 1990). In contrast, little
information is available for southern hemisphere
temperate coasts where the subtidal is dominate
byLessoniatrabeculatéNufiez & Vasquez 1987,
Camus & Ojeda 1992). Although in this study we
did not analyze in detail the type of mechanisn = .
that relate<C. variegatuswith the kelp beds, the
close association observed shows a positive e
fect. It is quite rare to fin€. variegatusnhabit-
ing bottoms not covered by kelp (Nifiez & Vasque:
1987, and personal observations). Kelp also cre

L=

2H) RLL L] BRI

= | (07 < T el
f=0.031 P=0.05

Biomass in gat ¢ fish size ratio (g)

ates high productivity and structural complexity il 40 Al 12040 1 K0
which could influence the observed patterns o Fish size (g)

algae-fish association (Moreno et al. 1979, An- _. . ) )

gel & Ojeda 2001). Fig. 4: The relationship betweedheilodactylus

The diversity of foliose algae under the canopy Y&/€gatussize (g) and the ratio between

of L. trabeculatais a conspicuous difference be- amphipod biomass in t_he gut and fish size (In
tween these two zones. The greater diversity 01{_mg] +.1 tlrgnsforr'ned) in (A) NZ and (B) CZ; NS
species and the greater biomass in the NZ subtidal no significant differences.
(Fig. 3) is important since, in association with La relacién entre el tamafio @heilodactylus variegatus

. . (g9) y la razén entre la biomasa de anfipodos en los
these algae (particularlyialopteris sp. and estémagos y el tamafio del pez (In [mg] + 1 transformado)

Asparagopsispp.) exists a great variety and abun- ¢, (a) Nz y (B) CZ; NS = no existen diferencias
dance of invertebrates, mainly amphipods (Table sjgnificativas.
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TABLE 4
Feeding preferences @heilodactylus variegatus NZ and CZ Only the prey taxa
contributing more than 2 % by number or weight to the diet were included. Chi-square
analysis (Pearre 1982) was used to evaluate the significance of taxon selection or avoidance;
(+) = selection, {) = avoidance

Preferencias alimentarias @ variegatusen NZ y CZ Solo se incluy6 aquellos taxa presa que contribuyeron con
mas del 2 % en nimero y peso a la dieta. Se utilizé un analisis de chi-cuadrado (Pearre 1982) para evaluar la
significancia de la seleccién o rechazo de cada taxén; (+) = seleccién, (-) = rechazo

Prey resource Availability Diet Electivity %value Significance

(biomass (biomass (Pearre

proportion) proportion) index “C")

Nz Cz NZ Cz Nz Ccz NZ Cz Nz Ccz

Amphipoda 0.683 0.017 0.533 0.399 +0.073 +0.455 5.035 183.853 NS P <0.001
Isopoda 0.001 0 0.026 0.027 +0.093 +0.089 5.380 7.054 NS P =0.05
Branchiopoda 0 - 0.025 - +0.098 - 6.017 - NS -
Gastropoda 0.546 0.576 0.109 0.057 -0.270 -0.241 45.378 51.744 P <0.001 P<0.001
Polychaeta 0.055 0.108 0.097 0.138 +0.045 +0.015 1.230 0.209 NS NS
Bivalvia 0.026 0.066 0.008 0.037 +0.021 +0.019 0.286 0.318 NS NS
Polyplacophora 0.001 0.101 0 0.225 +0.001 +0.087 0.001 6.718 NS P =0.05
Decapoda 0.201 0.100 0.162 0.119 +0.025 +0.001 0.397 0 NS NS
3). This kind of association is very common among {AD
other invertebrates and algae (Edgar 1983a, Hay Er ¥ =2 1221 + A0
et al. 1990), although the number of animals 1 e S "
found may vary depending on the habitat archi- [ . 2
tecture created by the algae (Hacker & Steneck b .

1990). Algae such &dalopterisandAsparagopsis
show the kind of heterogeneous spatial complex-
ity that provides a suitable habitat for amphipods.
Their morphology corresponds to the highly het-
erogeneous type of algae described in the litera-
ture (Hacker & Steneck 1990). Abundance in
phytal animals has shown strong correlation be-
tween algal density and the physical characteris-
tics of their algal habitat (Mckenzie & Moore

yow R+ EEbSe-du

Lip=t ey inesi o gl |In Congle-1 |

1981, Edgar 1983a, 1983b). It has been proposed T (L= HE

that foliose understory algae are important refu- :

gia for fishes against predation (Stepien 1986). In & L .
our case, the biomass and especially the number ; x .

of amphipods inhabitingHalopteris and [ R ==
Asparagopsisn the NZ (Table. 3) supports the | AT . i

idea that a large population of all sizes ©f T = .

variegatusconsume amphipods as its main prey |
(Fig. 4A). In contrast, the algal species that sup-
ports important amounts of amphipods in the CZ
is Glossophora kunthiiThe biomass and number o um e 123 1506
of amphipods in relation to this algae’s biomass Fih iee (@

was of the same order of magnitude as those from. . . . .
the northern sites (see Table 3), however, thrglg' 5: The relationship betweeBheilodactylus

.variegatussize (g) and the size (In [mg] + 1

abunda}nce of thls. algae along the ba.thyr.net”(fransformed) of the largest prey item in it's gut in
range is comparatively smaller, resulting in an(A) NZ and (B) CZ: NS = no significant

average lower abundance of amphipods (Fig. 3differences
Table 3). )

A second obvious difference between both zonek? relacién entre el tamafio @heilodactylus variegatus
. . . . g) y el tamafio (In [mg] + 1 transformado) del mayor item
is the lack of juveniles along the bathymetric rang

- - %resa encontrado en su estobmago en (A) NZy (B) CZ; NS
of the CZ. This pattern could partly be explained= no existen diferencias significativas.
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by considering the influence of the kind and amoun€heilodactylus spectabilisn northern New
of food available. All of our dietary analysesZealand, where this species also feeds upon a large
showed that juvenile individuals were limited tosuite of invertebrates associated with benthic turf
food sources of reduced variety and size (95 % &fnd foliose algae (McCormick 1998). Moreover
the diet, expressed as biomass corresponds to aand similar to our findings, juveniles of.
phipods of small size, see Fig. 5). Moreover, juvespectabilis mainly consumed gammarid amphi-
niles with proportionally smaller mouth apparatugpods while adults prey on larger items such as
exploit this resource while using a sucking (pick-ophiuroids (McCormick 1998).
ing) technique. This strategy is observed in other If the overall average diversity of the diet is
species under comparable conditions where bodyonsidered for both zones (NZ: H = 0.23.02,
size of the predator is related with changes i€Z: H=0.33t 0.04), the result of greater diversity
quality and also prey size (Laur & Ebelin 1983,in the CZ agrees with what can be predicted by our
Schmitt & Holbrook 1984a, 1984b). The presenceesults. This suggests that, given a lower abun-
of understory algae, and the amphipods associatédénce of amphipods in any environmei@,
with them, along the bathymetric gradient of thevariegatuswill show an alternate behavior toward
NZ would allow the distribution of juvenil€. prey of lesser energetic content (Murdoch 1969).
variegatusalong the whole subtidal range consid-This pattern appears to be in contrast with what
ered (Fig. 3). In the CZ, in contrast, the subtidalvas observed in the NZ where the very high abun-
environment does not offer those conditions imdance of amphipods in the environment would
such a clear way, however, intertidal pools whersupport the presence of a large population of fish
the diversity and abundance of foliose and turélistributed over the whole bathymetric gradient.
forming algae are high, the associated inverte- The present work reveals some previously un-
brates are abundant and provide a significant trophkown features about the natural history and the
resource. These intertidal pools were the only erecological role played b§. variegatusn shallow
vironments within the central littoral of Chile wheresubtidal environments of the Chilean temperate
juveniles of C.variegatushave been found and (CZ) and subtropical (NZ) littoral. Some ecologi-
where the diet corresponds to small crustaceamsl aspects were compared between two widely
(Varas & Ojeda 1990). Similarly, the distributionseparated populations &. variegatusand the
and abundance of reef fishes along the South Atesults showed that both trophic behavior and use
lantic Bight have also been showed to be influef space (bathymetric distribution) were factors
enced by variations in algal structure of smallesusceptible to change depending upon local condi-
seaweeds such &argassum filipenduléLevin & tions. The patterns described agree to a great ex-
Hay 1996). These authors found that both th&ent with those observed for other species with
presence and higher density of this alga increasedmparable trophic behavior inhabiting similar
the density and diversity of small-sized fish. environments (Werner & Hall 1976, Leum & Choat
Although the trophic spectrum @&. variegatus 1980, Werner & Mittelbach 1981, Werner et al.
is wide (80 prey items), few of the groups werel983, Schmitt & Holbrook 1984a, 1984b,
preferentially selected and then only in the CaMcCormick 1998). Although an empirical ap-
(Table 4). The availability of amphipods (a majorproach, especially in relation to prey selectivity at
prey item) in the NZ was very high. Therefore, thigdifferent ontogenetic stages would be interesting,
trophic resource is probably not limiting and therehe regional comparison presented here shows how
was no evidence of significant selection (Table 4)different environmental conditions produce im-
The pattern of significantly higher amounts ofportant changes in trophic behavior, distribution,
amphipods forming the bulk of the diet was espeabundance and also phenotype (average smaller
cially important for small fish in the CZ but of body size in the NZ) of. variegatusin particular
equal importance along the whole ontogeny in thehe differences shown in algal species composition
NZ (Fig. 4). This differential pattern of food sizeand density, hence associated invertebrates,
during ontogeny suggests thatvariegatuselec- strongly suggest how distribution and abundance
tively seeks prey of smaller average size if they aref trophic resources may affect the distribution
available (Schmitt & Holbrook 1984a, 1984b).and abundance of predators.
According to Griffith’'s (1980) classificationC.
variegatudn the NZ would be a searcher that seeks
comparatively smaller prey and is also able to ACKNOWLEDGMENTS
consume larger prey as it grows (Fig. 5A). For the
CZ however, the average size of the prey wer@&/e thank G. Benavides, J.M. Farina, W. Caceres,
larger along the ontogeny (Fig. 5B). A similarL. Fuentes, P. Camus, E. Varas and P. Zavala for
trophic behavior has also been documented famportant assistance in the field. Eduardo Varas,
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