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ABSTRACT

Many littoral caprellid species have a very ample distribution, some having been reported from all over the world. The
cosmopolitan distribution of many littoral caprellid species might be facilitated by the fact that they are often associated
with fouling communities on floating objects, which have a high potential of far-range dispersal. This dispersal potential
may also have implications for the distribution of caprellids on local and regional scales. Herein we examined the
distribution of littoral caprellid species on two spatial scales, local (tens of kilometers) and regional (hundreds of
kilometers) along the Pacific coast of continental Chile. On the local scale, we studied the caprellid fauna in different
habitats (intertidal boulders, subtidal algal and seagrass beds, fouling community on buoys and ropes); on the regional
scale we focused only on caprellids associated with the fouling community on buoys and ropes. We found a total of six
caprellid species, some of which were very abundant both on the local as well as on the regional scale. On the local scals
we found a difference between the three studied habitat types with respect to the assemblage of caprellid species, som
of which were found in more than one habitat. The highest species richness and abundance of caprellids was found ir
the fouling community associated with anchored buoys and ropes. On the regional scale we found very high numbers
of caprellids in the fouling community of the northern region (n 6f8)) and decreasing abundances and species
richness in the central region (3023%). No caprellids were found in the southern region of the study area {3)-42

This pattern coincides with the global distribution of littoral caprellid species, which are most abundant and diverse at
low latitudes but occur in low abundances and low diversity at high latitudes. Detached buoys that were found a few km
off the coast harbored similar caprellid assemblages (including ovigerous females) as anchored buoys, suggesting tha
buoys and other floating substrata (litter, macroalgae) may facilitate dispersal of caprellids (and other epibiota) along
the Pacific coast of Chile. Since artificial and natural floating substrata are also abundant at high latitudes it is inferred
that the low diversity of littoral caprellids at high latitudes is not due to lack of dispersal vectors, but rather of other
factors.

Key words: Crustacea, Amphipoda, Caprellidea, Chile, biogeography.

RESUMEN

Muchas especies de caprélidos del litoral presentan una amplia distribucidn, algunas han sido citadas a lo largo de tod
el mundo. La distribucién cosmopolita de muchas especies de caprélidos podria deberse al hecho de que se asocic
frecuentemente a las comunidades “fouling” en objetos flotantes, que presentan una capacidad importante de dispersio
alargas distancias. Esta capacidad de dispersién puede tener implicaciones en la distribucion de caprélidos a escala loc
y regional. En este estudio, nosotros examinamos la distribucién de las especies de caprélidos litorales en dos escalz
espaciales, local (decenas de kildmetros) y regional (cientos de kildbmetros), a lo largo de la costa Pacifico de Chile
continental. A escalalocal se estudid lafauna de caprélidos en distintos habitats (bolones intermareales, praderas de alg:
y faner6gamas marinas, comunidades “fouling” de boyas y cuerdas); a escala regional el estudio se centré solament
enlos caprélidos asociados aboyasy cuerdas. Se encontraron un total de seis especies de caprélidos, algunos de los cu:
fueron muy abundantes a escala local y regional. A escala local, existié una diferencia entre los tres tipos de habitat cor
respecto a la fauna de caprélidos, algunos de los cuales estuvieron presentes en mas de un habitat. Los valores mas al
de riqueza especifica y abundancia se encontraron en la comunidad “fouling” asociada a boyas y cuerdas ancladas.
escala regional, los caprélidos fueron mas abundantes y diversos en las comunidades “fouling” de la regién norte (n de
30° S), mientras que la abundanciay riqueza de especies disminuyeron en la regién central (30-37° S). No se encontrarc
caprélidos en la region sur del area de estudio (37-42° S). Este patrdn coincide con la distribucion global de especies d
caprélidos litorales, mostrando los valores mas altos de abundancia y riqueza de especies en las bajas latitudes y Ic
valores més bajos en las altas latitudes. Boyas desprendidas desde sus amarras y encontradas a varios km de la co
albergaron asociaciones de caprélidos (incluyendo hembras ovigeras) similares a las de las boyas fijadas, sugiriendo gt
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las boyas y otros sustratos flotantes pueden facilitar la dispersion de caprélidos (y otra epifauna) a lo largo de la costa

Pacifico de Chile. Teniendo en cuenta que los sustratos flotantes naturales y artificiales son también abundantes en altas
latitudes se infiere que la baja diversidad de caprélidos litorales en altas latitudes no se debe a la falta de vectores

dispersantes sino a otros factores.

Palabras clave:Crustacea, Amphipoda, Caprellidea, Chile, biogeografia.

INTRODUCTION is still poorly known, Laubitz (1970) pointed out
that surface water temperature is an important

Caprellid amphipods are common members dhctor determining the distribution of littoral
many littoral habitats, and they are particularlaprellids along the American coast of the North
abundant in epibiotic fouling communities. TheyPacific. Similar as for other taxa (e.g., corals —
are very common and diverse on erect bryozoamsaser & Currie 1996; molluscans — Roy et al.
and hydrozoans and on plant substrata such 4898, 2000), species richness of caprellids de-
macroalgae and seagrasses (McCain 1968). Thereases gradually towards northern latitudes
feed on suspended materials, prey on other orgaft-aubitz 1970). Water temperature may affect the
isms, or graze on epibiotic fauna and flora (Caineistribution of caprellids along the American coast
1974). Locally, caprellids are important prey forof the South Pacific in a similar way as in the
many coastal fish species (Caine 1987, 198®&lorth Pacific since the oceanic regime and in
1991), and they may be important members gfarticular the latitudinal variation in water tem-
littoral communities. peratures show similarities between these two

Many caprellid species have a wide distributiomegions. It can therefore be expected that diver-
and there are many examples of species that aigy of littoral caprellids along the Pacific coast
considered to be cosmopolitans (Takeuchi &f Chile also decreases towards high latitudes.
Sawamoto 1998). With their general morpholNevertheless, on a more local scale, and in par-
ogy, caprellids are well adapted to cling to subticular in bay systems, water circulation leads to
strata such as algae and hydroids (Takeuchi i&tense local mixing (Sobarzo 2002), and the
Hirano 1995). Using their last pereiopods theyistribution pattern of caprellid amphipods there-
can firmly hold onto branches of algae, bryozoanfere can be expected to be relatively uniform
and hydrozoans. The pleopods, which are usedthin local bay systems.
for swimming in other amphipod crustaceans, are In the present study, we examined the composi-
reduced in caprellids. Therefore, althoughtion of the caprellid fauna both on a local and
caprellids can swim (Caine 1979), they probablyegional scale. The local distribution was exam-
are not very efficient swimmers. This, as well agned within a system of bays, i.e., over a scale of
the lack of a planktonic larval stage, suggests th&gns of km, while the regional distribution of
cosmopolitan caprellid species may be distribeaprellids was examined along a latitudinal gra-
uted passively by clinging to floating materialsdient at sites separated by hundreds of km. The
rather than by active swimming. Floating materiprincipal objective of this study was to reveal the
als such as macroalgae are easily distributed bepecies richness of littoral caprellids and their
tween distant locations (Ingélfsson 1995, Hobdaglistribution pattern along the Pacific coast of
2000a) and caprellids and other amphipods apmntinental Chile. We incorporate data on the
commonly found on this type of substrata (Hobdagaprellid assemblage from detached buoys found
2000b). Many caprellid species are also verg few km offshore since this information contrib-
unselective with respect to their substratum andgtes to a better understanding of both the local
they colonize a wide variety of different sub-and regional distribution of caprellids.
strata. For example the speci@s equilibrahas
been found on algae, seagrasses, bryozoans,
bivalves, sponges and other substrata (Krapp- MATERIAL AND METHODS
Schickel 1993). This low selectivity for a wide
variety of substrata that have high floating potenthe local distribution pattern of littoral caprellids
tial suggests that these species might have a wideas examined in the bay system of Coquimbo,
distribution, particularly in regions where oceamorthern-central Chile (Fig. 1). In November/
currents transport suspended or floating materbecember 2000, semi-quantitative samples were
als (algae, bryozoans, wood or buoys and othé&asken in three different habitats, intertidal boul-
anthropogenic material) over large distances. ders, subtidal algal and seagrass beds and fouling

Although the abundance and species richnesemmunities from buoys and ropes. Preliminary
of caprellids in many areas of the world’s oceansurveys had revealed that caprellid amphipods
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Fig. 1: Bay system investigated in the present study. Samples were taken from buoys, seagrass and algal
beds, and boulders on exposed rocky shores along stations A-G; the three different substrata were not
present at all sampling stations. Dots along the Pacific coast of continental Chile indicate sampling sites
for regional study.

Sistema de bahias investigado en el presente estudio. Las muestras fueron recolectadas en boyas, praderas y bolones a lo
largo de las estaciones A-G. Los tres substratos considerados no siempre estuvieron presentes en todos los puntos de
muestreo. Los circulos a lo largo de la costa Pacifico de Chile continental indican los sitios de muestreo del estudio
regional.

were more common in these than in other littorasp.). Plants were taken from the bottom by a semi-
habitats (Guerra-Garcia & Thiel 2001). At eaclautonomous diver and placed in a sampling jar
of the seven sampling sites we attempted to sampletil completing a volume of approximately 1,000
all three habitats keeping the minimum distancenL. From buoys and ropes associated with aquac-
between different habitats < 1,500 m; at somelture or harbor structures, we collected the most
sites not all habitats were represented. Sessimmmon epibiota (metazoans such Bgura
fauna together with any adhering amphipods washilensis Bugula neritinaand B. flabellatg
scraped from boulders located in the low interTubularia crocea cirripeds from the family
tidal zone. We focused on areas that were col®alanidae; and macroalgae suchldga lactuca
nized by hydrozoan®belia dichotomawhichwe Polysiphonia paniculataand P. mollis,
scraped from the underside of several boulderGhondracanthus chamissdiessoniatrabeculata
until completing a volume of 10-20 mL. In theoften covered with bryozoans of the genus
subtidal beds ofGracilaria chilensis and Membranipord together with the adhering am-
Heterozostera tasmanioae collected the princi- phipods. Samples were either taken by a semi-
pal plant species together with other occasionalutonomous diver who separated the fouling or-
algae Callophyllis variegata Chondracanthus ganisms from the buoys and ropes and placed
chamissoj Sarcodiotheca gaudichaudii theminasamplingjar at the water surface. Alter-
Sphaerococcus coronopifoliuand Halopteris natively, buoys and ropes were pulled into a boat



300 THIEL ET AL.

where fouling organisms were separated and inshuffles were plotted in a frequency histogram,
mediately placed in the jar. Fouling organismsstablishing the significance, i.e., at a 0.05 or
were gathered from different buoys and ropef.10a-level, at the 98 or 90" percentile, respec-
until completing a volume of 500 mL. tively. The similarity value to which the 95
The main objective of this survey was to deterpercentile corresponded was considered the criti-
mine the species richness of littoral caprellids ircal value. Thus, for any cluster, a similarity value
different habitats. In order to obtain representaabove this critical value was considered higher
tive estimates of species, we selected differernthan expected at random, and it was considered
sample volumes in each habitat (20 mL undesignificant at theax = 0.05 level.
boulders, 500 mL in buoys and ropes and 1,000 For the study of the regional distribution of
mL in algal beds) thereby taking structural differ-caprellids we focused on the species associated
ences among habitats into account. Preliminarywith the fouling community from buoys and ropes,
sampling had indicated that under bouldersince previous studies had revealed that this is a
caprellids cling to small hydroids or to the sub-ery important habitat for littoral caprellid spe-
stratum directly, while on algae they roam overcies (Bynum 1978, Caine 1987). At 12 different
large areas of algal surface. A survey by Guerrasites between 18°4nd 41.9 S, spanning ~ 3,000
Garcia & Thiel (2001) in the bay system ofkm along the Pacific coast of continental Chile
Coquimbo indicated that the selected samplingFig. 1), samples were taken from buoys and
volumes are sufficient to obtain representativeopes associated with aquaculture or harbor struc-
estimates of species richness in the habitats stutltres. For Coquimbo we considered the results
ied herein. Since this preliminary survey hadrom Bahia La Herradura (site C in Fig. 1). Sam-
revealed large differences in caprellid abundanceling was done during austral summer 2001 in the
herein we used a semi-quantitative method in oisame way as described above. Fouling organisms
der to estimate caprellid abundances in the diffewere separated from different buoys and ropes
ent habitats: present (1-10 individuals saniple and placed into the sampling jar until completing
common (11-100 individuals sampie abundant a volume of 500 mL. In this way we obtained one
(101-1,000 individuals samphe and superabun- cumulative sample for each of the 12 different
dant (> 1,000 individuals sample We expressed sites. All samples were fixed with 5 % formalin
the abundance of caprellids as individuals peand later washed over a mesh of 2&@ before
sample and not as individuals per sample volumegorting them in the laboratory. The Bray-Curtis
thereby taking into account the different habitatlistance index (Bray & Curtis 1957) and the
structure. The usefulness of a semi-quantitativel PGMA (unweighed pair-group average method)
scale in multivariate analysis has been demoraggregation algorithm (Sneath & Sokal 1973)
strated in ecological studies dealing with marinevere used. The analysis was conducted using the
invertebrates (Maldonado & Uriz 1995, Carballosemi-quantitative data, i.e., with an order of mag-
et al. 1996, Naranjo et al. 1996, Guerra-Garciaitude corresponding to a logarithmic transfor-
2001). Nevertheless, according to Clarke &mation, which is typically used for this sort of
Warwick (1994), when sampling artifacts rendemanalysis in order to standardize interspecific vari-
quantitative comparisons unfeasible, a reductioability (Clarke & Warwick 1994). Before conduct-
to simple presence or absence of each speciesimg the analysis we added the value of 1 ¥ 10
recommended. Following these suggestions, simeach element in the original matrix, which al-
larities of caprellid occurrence among differenfowed to incorporate the localities with no
habitats on the local scale were examined bgaprellids (zero values) into the analysis — this
means of a classification analysis based on preprocedure produced no changes in the general
ence/absence data instead of the semi-quantitassociation pattern. The significance of the clus-
tive data. The Jaccard similarity index (Jaccarders resulting from this analysis was established
1908) and the UPGMA (unweighed pair-groupfollowing the same procedure as on the local
average method) aggregation algorithm (Sneatbcale but based on the species*site semi-quantita-
& Sokal 1973) were used. The significance of théive data matrix.
resulting clusters was established following the During a two-day oceanographic cruise con-
bootstrap methodology as in Lancellotti & Truccoducted during the austral fall 2002 in coastal
(1993) (after Jaksic & Medel 1987). From thewaters off the Bay system of Coquimbo we col-
initial species*habitat matrix with presence/abdected six detached buoys together with their foul-
sence data, 1,000 stochastic reassignments wemng community. Additionally, during several
made, computing on each occasion similaritypceanographic cruises along the Chilean coast,
pseudo-values for each possible combination ofhich were conducted during austral summer 2002
habitats. All pseudo-values generated after 1,00(ine cruises between Arica, 18, and Isla Madre
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de Dios, 50 S, each cruise 10-30 Nm off thesampled habitats, but some speci€ajrella
coast), we collected two detached buoys off thequilibraSay, 1818C. scauralTempleton, 1836,
coast at approximately 275. On most occasions Deutella venenos®ayer, 1890) occurred in two
we sampled the entire buoy and after washing wf the three studied habitats, while others
over a mesh of 25@m we scraped the fouling (Caprellina longicollis(Nicolet, 1849)Caprella
community from the buoys. Due to logistic rea-verrucosa Boeck, 1871,Paracaprella pusilla
sons different volumes were sampled of the foulMayer, 1890) were only found in one of these
ing community from these detached buoys. In alhabitats (Table 1). The speci€sscaurawas one
cases the semi-quantitative estimates represeoftthe most widespread species, being common in
minimum estimates of the total caprellid abun-almost all samples from buoys and present in all
dance on each buoy. Following preservation isamples from algal and seagrass beds. Although
the field, these samples were processed in thbe presence o€. scaurain algal and seagrass
laboratory in the same way as described aboveeds was constant along the bay system studied,
Detailed information about the detached buoyfts abundance was comparatively low, never ex-

can be found in Appendix 1.

RESULTS

ceeding 10 individuals per sample. The species
D. venenosavas very abundant on buoys and did
also occur under intertidal boulder€aprella

verrucosaalso was very abundant on buoys but
did not occur in any of the other two habitats.

Local distribution of caprellids from different Caprella equilibrawas present on some buoys,

littoral habitats

but also occurred under boulders together Wlith
venenosaboth species being associated with the

A total of six caprellid species were collected inhydroid Obelia dichotoma The presence of
different littoral habitats along the bay system oParacaprella pusillawas restricted to the boul-
Coquimbo. None of these species was found in atlers from sampling site @aprellina longicollis

TABLE 1

Abundance of caprellid species in the different habitats (1 - buoys, 2 - algal and seagrass
beds, 3 - boulders) and the sampling sites (A-G) in the bay system of Coquimbo; (*) indicates

the seagrass bed; sample volume for buoys is 500 mL, for algal and seagrass beds is 1,000 mL
and for boulders approximately 20 mL. For further details see text

Abundancia de las especies de caprélidos en los distintos hébitats (1 — boyas, 2 — praderas, 3 - bolones) y estaciones

muestreadas (A-G) a lo largo del sistema de bahias de Coquimbo; (*) indica la pradera de faner6gama. El volumen

de muestreo para boyas fue 500 mL, para praderas 1.000 mL y para bolones aproximadamente 20 mL. Ver texto para
més detalles

Boulders
G2* A3 C3 D3 E3 FR3

Buoys Algal and seagrass beds
Al BL CI EI Fl GI A2 B2 C2 D2 E2 PR

Caprellina longicollis [ ] e O

Caprella equilibra ° o o e @ o

Caprella scaura @ O O ¢ O O ¢ ¢ o o o o o

Caprella verrucosa @ o ‘ . . ‘

Deutella venenosa @ o ‘ ° ‘ ‘ . o O

Paracaprella pusilla

A) Bahia de Coquimbo, north
B) Bahia de Coquimbo, south
C) Bahia de La Herradura

D) Bahia de Totoralillo

E) Bahia de Guanaqueros

F) Bahia de Tongoy, north

G) Bahia de Tongoy, south
*) Seagrass becHgterozostera tasmanica)

(
(
(
(
(
(
(
(

Abundance per sample:

Pr - present (1-10 individuals)

Co - common (11-100 individuals)
Ab - abundant (101-1,000 individuals

.
[ )
) @
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was, together withC. scaura the only species Regional distribution of caprellids associated with
recorded from the algal and seagrass beds. anchored buoys
The epifouling community from buoys and ropes
was the habitat with the highest species richnegour caprellid species were found on the an-
and abundance of littoral caprellids. The caprellidhored buoys along the Chilean coast (Fig. 3).
fauna differed among the studied habitats, but o8imilar as in the bay system of Coquimbo,
a local scale (tens of km) little variation wasCaprella verrucosaandC. scaurawere the most
found within habitats, with the exception of boul-abundant species on buoys, being widely distrib-
ders (Fig. 2). The samples from buoys and algalited in the northern region of the Chilean coast.
seagrass beds were grouped in two separa@aprella equilibrawas only present in a few
groups, both connecting two subgroups. Whildocalities and the speci&eutella venenosanly
the group connecting caprellid fauna from buoy®ccurred in Coquimbo. Both, abundance and spe-
was significant (P < 0.05), those from the algalties richness of caprellids on the buoys and ropes
seagrass beds formed distinct subgroups at 0.10decreased from north to south, and no caprellids
P > 0.05. In contrast, samples from bouldersvere found in the southern region (at 39&hd
formed no distinct group suggesting a compara41.9® S) (Fig. 3). The classification analysis
tively heterogeneous habitat, possibly exposed tshowed three distinct clusters, one in the northern
frequent extinction/colonization events. region characterized by relatively high species
richness and abundances, where two subgroups
are connected with P < 0.10, one in the central
Al : region with higher heterogeneity, where species
H : richness and abundance decreased, and one in the
: south where no littoral caprellids were found in
the fouling community associated with buoys (Fig.
4).
Some intraspecific morphological variation has

| H .: been found foCaprella scauraandC. verrucosa
Fx =
—

U OYS atD BlirErs

at some sites. The striking head spine, typical of
C. scaurareported throughout the world, was
very reduced in the specimens collected from Isla
Sta. Maria (23.4 S). Nevertheless, examination

of antennae, gnathopods, mouthparts and abdo-
= : men of these specimens confirmed that they be-
= longed toC. scauraln the specimens @aprella

ANITLDERS < &)

MISaSi - 4 & verrucosafrom Caleta Tumbes (3626S), the
southernmost station where caprellids were found,
the tubercles on the dorsal pereonites were ab-
Pl sent. Taking in consideration the features of an-
il L kL tennae, these specimens were assignedto
ST verrucosa These observations, however, confirm
the great need for future taxonomic studies in the
complex of species similar t6. verrucosa(see
Fig. 2: Cluster analysis showing the relationships a|so Guerra-Garcia & Thiel 2001). Regardless of
among samples on the local scale. Similarities  the morphological variations in some of the speci-
based on presence/absence of caprellid species Qfens found herein, a strong decrease in abun-
different substrata (buoys: 1, algal/seagrass bedsgance and species richness of littoral caprellid

2; boulders: 3) and sampling stations (A-G). towards higher latitudes was found (Fig. 3).
Dashed lines indicate significant levels: Groups of

habitats 1 (buoys) and 2 (algal/seagrass beds)

significant at 0.10 > P > 0.05. Caprellids associated with detached (= pelagic)
Analisis de conglomerados mostrando las relaciones entrepyoys
substratos en una escala local. Las similitudes estan

basadas sobre la presencia/ausencia de caprélidos en los .
diferentes substratos (boyas: 1, praderas: 2; bolones: 3) yOn the six detached buoys that were collected

estaciones de muestreo (A-G). Las lineas sombreadas  While floating in coastal waters off the Bay sys-
indican niveles de significancia: los grupos de habitats 1 tem of Coquimbo, a total of four different caprellid
(boyas) y 2 (praderas) fueron significativos a una probabilispecies was found (Table 2). The most common
dad 0,10 > P > 0,05. caprellid species wer€aprella scauraand C.

[R5

il

Macesri (%)
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Fig. 3: Abundance and distribution of the caprellid species associated with the fouling community of
buoys and ropes along the Pacific coast of continental Chile. At each site, epifaunal organisms from
different buoys and ropes were gathered until completing a volume of 500 mL.

Abundancia y distribucién de los caprélidos asociados a la comunidad epifita de boyas y cuerdas a lo largo de la costa
Pacifico de Chile continental. En cada localidad, se recolectaron organismos epifitos de diferentes boyas y cuerdas hasta
completar un volumen de 500 mL.

equilibra, which were each found on four of theon the rope still attached to one of these two
six buoys. The other two caprellid specié€s, buoys. Of all three caprellid species and on each
verrucosaandDeutella venenosavere each found of the two buoys, ovigerous females were found.
on two buoys. Abundances of individual caprellid

species frequently exceeded 100s of individuals

per buoy (Table 2). On all buoys, we also found DISCUSSION

ovigerous females.

During the nine research cruises between Aric@ihe results of the present study demonstrated that
and Isla Madre de Dios we found two detachethe caprellid fauna along the Pacific coast of
buoys floating in coastal waters off Caldera. Eaclkontinental Chile is comparatively poor. Despite
of these two buoys harbored three caprellid spe relatively large sampling effort on the local and
cies C. equilibra C. scauraandC. verrucosd regional scale only six species of littoral caprellids
(Table 2). Abundances &. equilibrawas high- were found. Regardless of the low species num-
eston the buoys itself, while. scauradominated ber, distinct geographic patterns were found. In
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Fig. 4:Cluster analysis showing the relationships among sampling sites along the Pacific coast of
continental Chile (regional scale). Distance was based on semi-quantitative values of caprellid
abundance. Dashed lines indicate significant levels: group of sampling sites from the northern region
significant at 0.10 > P > 0.05.

Analisis de conglomerados mostrando las relaciones entre las localidades de muestreo a lo largo de la costa del Pacifico de
Chile continental (escala regional). Las distancias estan basadas en los valores semi-cuantitativos de la abundancia de

caprélidos. Las lineas sombreadas indican niveles de significancia: el grupo de estaciones de muestreo de la region norte
fue significativo a una probabilidad 0,10 > P > 0,05.

the following we will compare the distribution Local distribution of caprellid species in the bay

patterns of littoral caprellids on different geo-system of Coquimbo

graphic scales, and we discuss the factors influ-

encing these patterns. Within the bay system examined herein, most
caprellid species were found in two types of habi-
tat. Those habitats were very different (e.g., foul-
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TABLE 2

Abundance of caprellid species on detached buoys off the Pacific coast of Chile: present (1-10
individuals); common (11-100 individuals); abundant (101-1,000 individuals); superabundant
(>1,000 individuals). All abundance estimates represent minimum values; (Cq) Coquimbo;

(Ca) Caldera. For details about buoys see Appendix 1

Abundancia de las especies de caprélidos en boyas desprendidas y encontradas frente a la costa Pacifico de Chile:
presente (1-10 individuos); comun (11-100 individuos); abundante (101-1.000 individuos); superabundante (>1.000
individuos). Todas las estimaciones de abundancia representan valores minimos; (Cq) Coquimbo; (Ca) Caldera. Para

mas detalles ver Anexo 1

Coquimbo Caldera

Cql Cq2-h Cq2-r Cq3 Ca4 Cgb Cab Cal Ca2-b Ca2-r
Sample type Buoy Buoy Rope Buoy Buoy Buoy Buoy Buoy Buoy Rope
Latitude 2949'23"  29047'06" 29058'38"  30°03'56" 30°13'00" 29937'59" 27001'23" 27005'45"
Longitude 7026'39" T71027'44" 71024'59"  71040°55" 71042'35" 71031'33" 70056'55" 71000'15"
Distance from shore (km) 12.5 11.8 1.9 19.7 7.7 20 6.8 6.5
Caprellina longicollis
Caprella equilibra Y Y ° ° o o
Caprella scaura o ) o ‘ o ° ° ‘
Caprella verrucosa [ ) ‘ [ ) Y Y
Deutella venenosa o Y

Paracaprella pusilla

Abundance per sample:

Pr - present (1-10 individuals) °
Co - common (11-100 individuals) Y
Ab - abundant (101-1,000 individuals) @

Su - superabundant (> 1,000 individuals)‘

ing community on buoys and ropes versus algahan substratum characteristics (Takeuchi et al.
and seagrass beds) suggesting that the caprelli®87, 1990, Guerra-Garcia & Garcia-Gomez 2001).
species found in the bay system of Coquimbo arBecently, Guerra-Garcia & Garcia-Gémez (2001)
relatively unselective with respect to their substrafound that the species composition of the
tum, which appears to be generally true for littoraCaprellidea from one particular substratum (the
caprellid species. For exampl€aprella scaura seaweedystoseira usneoidgslong the coast of
has been reported from bryozoans, sponge€euta (North Africa) changed considerably ac-
seaweeds and seagrasses (Lim & Alexander 1986ording to environmental factors such as local
Takeuchi & Hino 1997, Serejo 1998¢aprella hydrodynamics. This suggests that environmental
equilibrahas been collected from seaweeds, bryczonditions are usually more important in deter-
zoans, sponges and ascidians (Krapp-Schickelining the distribution of littoral caprellids than
1993). Aoki & Kikuchi (1990) foundC. verrucosa substratum characteristics. The importance of hy-
on very different substrata, an@aprellina drodynamic conditions for the distribution of lit-
longicollis has been collected from algae, bryozotoral caprellids is not surprising since many spe-
ans and ascidians along the coast of New Zealancigs feed directly on organisms or materials cap-
where it is the most abundant species (McCaitured from the water column (Takeuchi & Hirano
1969). Mayer (1890) reported th&t verrucosa 1995).

and D. venenosawere often found on various Hydrodynamic conditions may also have impli-
substrata belonging to the fouling community alongations for caprellid dispersal within bay sys-
the coast of Coquimbo. In general, at the localems. Most bays along the continental coast of
scale, the environmental habitat conditions (sucBhile are characterized by strong circulation and
as hydrodynamics, sedimentation rate, turbidityefficient mixing of surface waters (Sobarzo 2002).
substratum stability) seem to be more important iifhis contributes to efficient exchange and a rela-
determining the distribution of littoral caprellids tively uniform distribution pattern of benthic spe-
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cies within such bays or bay systems (Castilla efcale is very low when compared with other areas
al. 2002). Apparently buoys, anchored in the bayat similar latitudes. In Japan, Takeuchi et al.
along the Chilean coast, are frequently detachgd 987) found 16 caprellid species in a bed of
together with their caprellid fauna and subseSargassunspp. that had a maximal extension of
quently moved by predominant currents withinonly 200 m x 80 m. Aoki & Kikuchi (1990), also
bay systems. This process may contribute to frén Japan, found nine caprellid species in just one
quent dispersal and thereby to the relatively unibed of Sargassum pater400 m long and 100 m
form distribution pattern of littoral caprellid spe-wide. Takeuchi & Hino (1997) cite 10 caprellid
cies within the bay system of Coquimbo. species associated with seagrass beds in the Bay
of Otsuchi in Japan, and in Brazil, Serejo (1998)
found five caprellid species associated with only
Regional distribution of caprellids along the Pa-one species of spongBysidea fragilis In Bahia
cific coast of continental Chile de Algeciras, southern Spain, Sanchez-Moyano
& Garcia-Gomez (1998) cite nine caprellid spe-
Theregional sampling revealed a latitudinal gradieies associated with a single algal species,
ent with littoral caprellids being abundant in theHalopteris scoparia Guerra-Garcia & Takeuchi
northern region of Chile, but virtually absent from(2002) found 19 caprellid species in the littoral
buoys and ropes at the southern sites (38 zone of Ceuta (a 10 km long stretch of coastline)
41.9 S) examined herein. The latitudinal changeén northern Africa. Most of these reports are from
in the distribution of littoral caprellids takes placeareas with temperate water conditions. In con-
in the central region of the continental coast ofrast to the relatively high values of species rich-
Chile, where important faunal changes have beemess reported from other areas, in a seagrass bed
identified for a variety of taxa and functional groupsf Heterozostera tasmanida Bahia de Tongoy,
(e.g., Lancellotti & Vasquez 2000, Ojeda et alChile, Gonzéalez (1990) found only two caprellid
2000, Camus 2001, Rivadeneira et al. 2002, Thielpecies, and in a study by Alcayaga (1990) on the
2002). Most of these authors agree that northeflauna associated with a bivalve culture in the
species disappear between°3nhd 37 S, being same bay, only one caprellid species was re-
gradually displaced by southern species, some pbrted. Presently, the reasons for the low species
which may reach as far north as°Zs This overlap richness of littoral caprellids along the Pacific
of southern and northern species in the centraloast of continental Chile are not well known.
region of Chile in some groups results in highes€Caprellid amphipods have also been reported from
regional species richness in this region (e.gfurther south than 37S, for example from the
Rivadeneira et al. 2002). This trend may be reMagellan Strait (Schellenberg 1935), but little is
enforced by the presence of other species that onkypown about their abundance in this region with
occur in the central region (Thiel 2002). Along thepredominantly cold waters. Thus, caprellid am-
continental coast of Chile, in some taxa the overaphipods can be found all along the Pacific coast of
species richness decreases towards higher la@hile, but abundance and species richness of lit-
tudes (e.g., in littoral fishes - Ojeda et al. 2000)toral species associated with the fouling commu-
while it increases in others (e.g., bryozoans sity on buoys is highest in the northern region.
Moyano 1991). Herein we observed the total dis- Although the biogeographical distribution of
appearance of littoral caprellids from anchoreaaprellid species on a global scale is not well
buoys south of 37 S, without replacement by known so far, Laubitz (1970) studied the caprellids
southern species. Similar observations have aldoom intertidal and shallow waters along the North
been made for some taxa in other regions of thRacific from the zoogeographical point of view.
world (corals - Fraser & Currie 1996; prosobranctghe found that the major limiting factor in the
gastropods, bivalves - Roy et al. 1998, 2000). Idistribution of the caprellid species was water
these studies the observed decrease in species rithmperature; most of the species occurred almost
ness or diversity towards higher latitudes was bestxclusively in the 10-15C temperature range
correlated with decreasing sea surface temperéffom Alexander Archipelago to the Strait of
ture, but the ultimate factors (productivity, preda-Georgia) and only a few species were found in the
tion, competition, disturbance) are not well knownsubantarctic range 5-P€. This patternis similar
to that revealed for the Southeast Pacific in the
present study. The abundance and species rich-
Global distribution of littoral caprellid species ness of littoral caprellids decreases towards high
latitudes with cold surface waters. Along the
In general, the number of caprellid species foun@€hilean coast we found the highest abundances at
along the coast of Chile on the local and regional8° S, i.e., closer to the Equator than in the North
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Pacific. In the eastern North Pacific, caprellidPacific appears to underscore the importance of
abundance starts declining only at %0, while oceanographic currents and water temperature.
in our study of littoral caprellids from the east-Tasmania is situated approximately at the same
ern South Pacific already at 3% no caprellids latitude as Southern Chile, but the number of
were found. For example, Laubitz (1970) redittoral species is relatively high (approximately

ported thatCaprella equilibraandC. verrucosa 20 species - Guiler 1954, J. Guerra-Garcia & |I.
had not been recorded north of the Queen Chafakeuchi unpublished results), comparable with
lotte Islands (~ 49 N), but on the continental other areas of Australia (J. Guerra-Garcia, un-
coast of the eastern South Pacific these specigsiblished results). This high species richness in
did not occur further south than 33. The differ- Tasmania and the deviation from the general pat-
ences between the eastern North Pacific and thern (see Fig. 5) probably is affected by the warm
South Pacific could be due to the strong effect oEast Australian Current, moving southwards along
the cold Humboldt Current moving northwardsthe coast of Eastern Australia extending its influ-

along the Chilean coast.

ence up to Tasmania. For New Zealand, which at

Similar as in the eastern Pacific, the distribuieast at its southern island is very similar to the
tion of littoral caprellids in the south-westerncoast of Southern Chile with respectto the oceano-

Littoral (0-20 m water depth) caprellid species per region
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Fig. 5: World map with isolines of sea surface temperature (°C) and approximate number of littoral
caprellid species reported from different regions. Data are taken from Schellenberg (1935), McCain
(1968, 1969), McCain & Steinberg (1970), Laubitz (1970, 1972), McCain & Gray (1971), Griffiths
(1976), Sivaprakasam (1977), Marques & Bellan-Santini (1985), Swaldon (1990), Wakabara et al.
(1991), Watling (1996), Larsen (1998), Serejo (1998), Takeuchi (1999), Guerra-Garcia & Takeuchi

(2002, unpublished results).

Mapamundi de las isolineas de temperatura superficial del agua (°C) y nimero aproximado de especies de caprélidos
litorales citados en diferentes regiones. Los datos estan tomados de Schellenberg (1935), McCain (1968, 1969), McCain &
Steinberg (1970), Laubitz (1970, 1972), McCain & Gray (1971), Griffiths (1976), Sivaprakasam (1977), Marques &
Bellan-Santini (1985), Swaldon (1990), Wakabara et al. (1991), Watling (1996), Larsen (1998), Serejo (1998), Takeuchi

(1999), Guerra-Garcia & Takeuchi (2002, resultados no-publicados).
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graphic conditions, only three species of littorabppears to be the case@dprella andreagwhich
caprellids have been reported (McCain 1969). adapted to ecologically isolated habitats such as
The decrease of caprellid abundance and divedrifting objects, possibly evolving from a benthic
sity towards colder waters as observed in thepecies, related t@. acutifrons(Aoki & Kikuchi
eastern Pacific Ocean can also be observed I®95). In a study of the planktonic distribution of
other regions of the world (Fig. 5). Even thoughcaprellid amphipods in the western North Pacific,
Laubitz (1972) and Larsen (1998) reported thd@akeuchi & Sawamoto (1998) found th&.
presence of more than 25 species in cold wateexjuilibra was the dominant species in the plank-
around the Arctic Atlantic, most of them inhabitton samples, suggesting that this species has a
the deep sea and only a few species are littoragreater tolerance for longer periods of planktonic
Similarly for Antarctica, where the period of iso-dispersal than other caprellids; it is not known,
lation of the fauna has favored the process ahough, whether the specimens collected in these
speciation (Clarke & Crame 1993), the number oplankton samples were associated with floating
littoral species is also low, even though 20 spesubstrata, such as macroalg@aprella equilibra
cies have been reported from the Antarctic deeps well asC. scaura is often associated with
sea (McCain & Gray 1971). In summary, theartificial constructions such as aquaculture nets
latitudinal pattern observed along the Pacifiand floating docks (Takeuchi & Sawamoto 1998,
coasts appears to reflect global trends with dehis study), both substrata with a high rafting
creasing speciesrichness towards higher latitudegotential. Rafting substrata also occur abundantly
at high latitudes (Barnes 2002, Smith 2002), and
thus the geographic distribution pattern of littoral
Dispersal of caprellid crustaceans and biogeo-caprellid species does not appear to be limited by
graphical implications lack of dispersal substrata, although oceano-
graphic currents mightimpose restrictions on dis-
Passive dispersal via rafting and floating are suppersal frequency and direction of littoral
posed to be the main migration mechanisms fozaprellids. However, the occurrence of some in-
small crustaceans with direct developmentividuals (but not the large numbers found in the
(Highsmith 1985, Locke & Corey 1989). Thenorthern region) o€. scauraand ofC. verrucosa
occurrence of most caprellids encountered in thiat 33.2 and at 36.6 S suggests that dispersal (if
study on substrata with high dispersal potentiaimportant) might not be the only factor limiting
(macroalgae, fouling community associated withthe geographic distribution of littoral caprellids
buoys and other floating materials) may also exalong the coast of Chile. Rather other factors
plain their relatively uniform distribution on the (productivity, predation, competition, distur-
local scale. At most sites from the northern regioance) that are mediated by sea surface tempera-
of the study area, the three most common caprellidire may be responsible for the observed disap-
species occurred frequently on anchored buoygearance of littoral caprellids towards higher lati-
Upon being detached, these substrata may hedes, such as has been proposed for other taxa
easily distributed over distances on the local (ten@raser & Currie 1996, Roy et al. 1998, 2000,
of km) and regional (hundreds of km) scale. JarRivadeneira et al. 2002).
& Jaramillo (1979), reporting on a detached buoy
captured a few km off the coast near Maiquillahue,
Chile (39.4 S), discuss the possibility that such ACKNOWLEDGEMENTS
objects may be transported over large distances
within the West Wind Drift. Floating objects may This study was supported by FONDECYT
during their journey carry with them many asso3980002 & 1010356 to MT and through a fellow-
ciated species, such as for example caprellidship of the Ministerio de Educacién y Cultura de
(Ingdlfsson 1995, Hobday 2000a, 2000b). Thi€spafia (AP98-28617065) to IMGG. We are most
idea is supported by the finding of all four caprellidgrateful to A. Zander for her cheerful assistance
species, which usually inhabit the fouling com-during the sampling of caprellids and to numer-
munity on anchored buoys, rafting on detachedus fishermen who always were willing to lend us
buoys several km offshore. Rafting has also beesmhand and boat. Helpful comments by A. Baeza,
suggested by Aoki & Asakura (1995), who dis-R. Callaway and very constructive suggestions by
cussed that the caprellid fauna on the Ogasawatao anonymous reviewers substantially improved
Islands may have colonized this oceanic islanthe manuscript.
from source populations of the Japanese Islands
or the Asian mainland. Some caprellid species
seem to be specially prone to passive rafting as
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