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ABSTRACT: Therelationship between two amphipod species of the genus | schyrocer -
us and the alien species, the red king crab, and the population structure of these
amphipods were studied in the Barents Sea. In 2004, 58.4% and 21.5% of crabs were
colonized by I. commensalis and |. anguipes respectively. For both species of amphi-
pods proportion of crabs with amphipods increased with the increase of the host size.
All crabswith carapace width (CW) more than 140 mm were infested by |. commensa-
lis. For I. anguipes prevalence never exceeded 50 %. Small crabswith CW less than 56
mm were never infested. The amphipods |. commensalis were located on the mouth
appendages, gills, pereiopods between basiopodite and ischiopodite aswell as between
meropodite and carpopodite. Less frequently they were located on the abdomen,
carapace, and eggs of crab females. Specimens of |. anguipeswere located on the same
sitesbut they wererarely found onthe mouth appendages, gillsand femal e eggs masses.
The two species co-occurred on 47 crabs out of 132, other crabs were hosts of 1.
commensalisonly. In smaller crabs with 60-120 mm CW, the ratio between amphipod
species was 50:50. In larger crabs with CW > 120 mm, more than 80% of symbiotic
amphipods were |. commensalis. In populations of both species, females were more
abundant and larger than males. In both amphipod species, the proportion of females
at later stages of maturity increased as crab size increased. There were marked
differencesin the diameter of the embryo at thefirst maturity stage and mean individual
fecundity between the two amphipod species. These values were 0.40+0.05 mm and
23.0 eggson averagein I. commensalis, and 0.28+0.06 mm and 7.0 eggs on averagein
I. anguipes. Our results demonstrated that I. commensalis is more closely associated
with the host than |. anguipes. The relationships of both amphipods with the red king
crab are discussed.
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PE3IOME: UccrenoBanbsl 0COOCHHOCTH B3aMMOOTHOIICHUH IBYX BUAOB aM(UIION poaa
Ischyrocerus ¢ BUIIOM-BCEJICHIIEM KaMYaTCKUM KpaOOM M OIYJISILIUOHHAS CTPYKTYPa 3THX
amduron B bapennieBom mope. [TokazaHo, 4T0 SKCTEHCHBHOCTH 3aceIeHuUs KpaOboB OOKOTI-
naBamu . commensalis coctaBisma 58,4%, a I anguipes — 21,5%. YV 00oux BHIOB
HKCTEHCHBHOCTb 3aCEJICHHs BO3pacTaja ¢ yBEIMUCHUEM pa3MepoB KpaboB. Bece kpals ¢
mmpuHoi kapamakca (LK) Gompme 140 MM Obutm 3acenensl I commensalis. dis I
anguipes 3TOT ToKa3arenb He npeBbiman 50%. Ha menknx kpadax ¢ LK menee 56 MM
CUMOHMOHTBI 0TCyTCTBOBANIN. OOBIYHO aMuIo b I. commensalis ObUTN JIOKaTM30BaHbI HA
POTOBBIX ITPUAATKAX KPaOOB, B xKaOpaxX, B MECTaX COWICHEHHsI XOAMIbHBIX KOHEYHOCTEH
Mexay 0a3HOMOANTOM M WIINOIIOJUTOM, & TAKKE€ MEPOIIOANTOM M KapIIOIIOIUTOM, PexXe
Ha abjoMeHe, Kapalakce M KJIJKe MKPbl caMOK Hoj abpoMeHoM kpada. Jlokammzarms
oco0eii . anguipes ObUIA CXOAHON, OTHAKO 3TH aM(HIIOI6I OYE€Hb PEJIKO BCTPEUAIIIChH Ha
POTOBBIX IPUAATKAX, )kKa0bpax H SHIEeBHIX KiIaakax kpadoB. Ha 47 kpabax 3 132 oba Buna
aM(UIIO]] BCTPEUYANCh COBMECTHO, Ha OCTAJbHBIX OTMEUCHBI TOJIBKO OCOOM BHIa 1.
commensalis. Ha Menkux kpabax ¢ IIIK 60—120 MM cooTHOIIeHHE aM(pUIIO COCTABIIIO
50:50. Ha 6o:ee kpynHbIX Kpadax 6oxee 80% ampunon coctaBuim ocodu 1. commensalis.
B nocenenusx 1. commnesalis caMox HEeMHOTO O0ITbIIIe, YeM caMIIoB (54,9% oT YrcIeHHO-
CTH ITOJIOBO3PEITBIX 0CO0EH ), caMKH KpyITHee caMIloB: 7,2+1,8 u 6,9+1,7 MM COOTBETCTBEH-
Ho. B mocenenusix 1. anguipes caMOK CyIIeCTBEHHO OoJbIe, yeM camioB (72,2%), caMKkn
kpynHee camion: 4,2+1,2 u 3,6+0,7 MM COOTBETCTBEHHO. Y 00OMX BHJ/IOB C POCTOM
MIPOHMCXOIUT yBEIUICHUE OTHOCUTEIEHON YUCICHHOCTH CaMOK Ha O0JIee IMO3/ITHUX CTaInsIX
3penoctu. Y I commensalis nuameTp SMOpHOHOB Ha mepBoi crammu 3pernoctu 0,40+0,05
MM, CpEIIHsISA MHAUBUAYaIbHAas INIOA0BUTOCTD cocTaBisieT 23,0 3k3. Y I. anguipes nuametp
SMOPHOHOB Ha MepBOii ctaanu 3penoctu coctaBisieT 0,28+0,06 MM, cpemHss MHIUBUTY-
anpHast wiogoBuTocTh 7,0 9k3. Ilokazano, uro I commensalis Gonee TeCHO cBs3aH ¢
Kpabom, yeM /. anguipes. OOCyKmaeTcst XapakTep B3aMMOOTHOIICHUH aM(HUITON C XO35TH-
HOM.

KJIFOUEBBIE CJIOBA: xamuarckuii kpa®, cHMOMOHTBI, aM(UIOABI, MOMYIISIHOHHAS
6uosnorus, bapeHneso mope.
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Introduction

Thered king crab, Paralithodes camtschat-
icus (Tilesius, 1815) has been introduced into
the Barents Sea from the Far East seas in the
1960s to improve the economy of the coastal
fishery and increase the living standards of the
local population (Kuzmin, Gudimova, 2002).
At the moment, the species has successfully
formed a self-sustaining population at the Mur-
man coast (Kuzmin, 2000; Kuzmin, Gudimova,
2002). Peculiarities of its distribution, repro-
ductive biology and feeding are being actively
studied (Bakanev, 2003; Pereladov, 2003; Pav-
lova, 2007). At the same time, the problem of
forming an assemblage of the red king crab
symbionts in a new locality remains insuffi-
ciently explored. In the North Pacific, such a
complexincludesvariousfoulingand symbiotic
species. hydroids Obelia longissima Pallas,
1776), polychaetes Protoleodora uschakovi
Knight-Jones, 1984 (cited as Spirorbis validus
in Klitin, 2003) and Pionosyllis magnifica
Moore, 1906 (Lopez et al., 2001), fish leeches
Crangonobdella fabricii Malm, 1863 and No-
tostomum cyclostomum Johansson, 1898, bar-
nacles Balanus hesperius Pilsbry, 1916, B. bal-
anoides (L., 1767), and amphipods I schyrocer-
uscommensalis(Chevreux, 1900) (Klitin, 2003).
In the Barents Sea, the symbiont fauna is also
diverse and includes fish leeches Johanssonia
arctica (Johansson, 1898) and C. fabricii, bi-
valve mollusks Mytilus edulis (L., 1758) and
Anomia squamula (L., 1758), cirriped crusta-
ceans of the family Balanidae, amphipods I.
commensalis (Kuzmin, 2000) and I. anguipes
(Krayer, 1838) (Dvoretsky et a., 2004).

Crustaceans of the genus Ischyrocerus (or-
der Amphipoda): I. commensalis and |. an-
guipes are the most common symbionts of the
red king crab in the coastal Barents Sea. Both
speciesliveintheNorth Pacific, aswell asinthe
Barents Sea. The amphipod |. commensalisisa
widely distributed Boreal-Arctic species most-
ly occurring at high latitudes and recorded from
Newfoundland, Labrador, and southeastern
Greenland. It has been reported from the Bar-
ents, White, Kara and Chukchi seas, and in the

Bering and Okhotsk seas, at the depths down to
40-100 m (Jashnov, 1948; Gurjanova, 1951;
Dunbar, 1954). |. anguipes has asimilar distri-
bution, though it is absent from the Kara to
Chukchi seas; in the Atlantic its range reaches
Denmark and the western Baltic Sea in the
south, and in the Pacific it spreads southward to
the Japan Sea (Gurjanova, 1951) In summer, it
forms aggregations in the water column at the
lower border of intertidal zone along open and
semi-open areasof theshore(Kuznetsov, 1964).

In the North Pacific, amphipods of the genus
I schyrocerusareknown asfacultative symbionts
of thered king crab (Otto et al ., 1990; Shields et
al., 1990; Kuriset al., 1991, Klitin, 2003). Inthe
North Atlantic before the increasing of the crab
abundance, |. commensalis has been known also
asafree-living species(Jashnov, 1948). After the
red king crab introduction it has been found in
association with the spider crab Hyas araneus
(L., 1758) in Norway waters (Johnsen, Vader,
1998). It aso infested the snow crab, Chiono-
ecetesopilio (Krayer, 1838) (Stecleet a ., 1986),
wheress |. anguipes was known only as a free-
living species (Kuznetsov, 1964).

After the establishment of the P. camtschat-
icus population in a new place of habitat, |.
commensalis has been recorded as its faculta-
tive symbiont off the Northern Norway (Johns-
en, Wader, 1998) and in the Barents Sea
(Kuzmin, Gudimova, 2002). |. anguipes has
also recently been recorded asasymbiont of the
red king crab in the Barents Sea (Dvoretsky et
al., 2004). Both species, especidly |. commen-
salis, can form dense aggregations on P.
camtschaticus and so may probably affect their
host (Klitin, 2003). However, the biology of
associated amphipods is virtually unstudied
(Dvoretsky et a., 2007). There are no data on
their population ecology and reproduction ex-
cept for free-living I. anguipes (Kuznetsov,
1964). The problem of their relationships with
theredking crabisstill open. Sinceboth species
livein the Barents Seaand in the Far East sess,
it is unclear whether the symbiotic populations
wereintroduced together with the crab from the
Far East or the local populations passed to
symbiotic relations with the crab.
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Theaim of the present work wasto study the
peculiarities of interrelations between symbiot-
ic amphipods of the genus Ischyrocerus and
their host — the red king crab, together with
investigations of population ecology of both
amphipod species. More specifically we stud-
ied prevalence and intensity of crab infestation
by amphipods, |ocation of the symbionts on the
host, and the size- and sex structure of 1. com+
mensalisand |. anguipes popul ations on thered
king crab in the Barents Sea.

Material and methods

The work was based on collections of am-
phipods living on exoskeleton, gills, mouth ap-
pendages and egg masses under abdomen of
femaleof thered king crab. Crabsweresampled
during coastal field trips in the Dalnezel enets-
kaya Bay of the Barents Sea, during July —
August 2003 and 2004. The number of crabs
studied was 38 and 219 specimensrespectively.
Crabs were collected by scuba diving in depth
ranged from 5to 40 mand visually examinedin
the seasonal laboratory of MMBI (Dalniye Ze-
lentsy settlement). All found amphipods were
collected and fixed in 4% formaldehyde. For
more accurate collection of small juveniles,
they were scraped off from the crab surfacewith
ascalpel. Samples of crab gillswith amphipods
and their tubes were also fixed.

Thefollowing parameterswererecorded for
each crab: (1) sex, (2) carapace width (CW) and
(3) molting stage according to a fourth-level
scale: 1 — new shell, carapace soft and clean;
2 — soft shell, carapace clean and firm but
retaining elasticity; 3 — old shell, carapace
darkerthanintwoformer cases, firm, ameropodit
breaks at compression; 4 — very old shell,
carapace dark, covered with fouling organisms
(Manual ..., 1979).

L aboratory processing of amphipodsinclud-
ed measurements from the tip of rostrum to the
end of telson, weighting with accuracy to 0.001
0, and sex identification. Females were divided
into 5 categories (Kjennerud, 1950): 0 — with-
out marsupia plates and eggs, 1 — with grow-
ing marsupial plates, 2 — with eggsin a brood

pouch, 3— withjuvenilesinabrood pouch, 4 —
with empty brood pouch (juveniles released).
The stages of embryo development were de-

fined according a three-stage scale: | — new
eggs without segmentation; Il — segmented
eggs with a well developed eye; 111 — eggs

containing fully formed juveniles.

The relationship between the number of in-
fested hosts and the total number of hosts was
definedas* prevalence”, whereas" intensity” was
thenumber of symbiontspresent in eachinfested
host, and “ meanintensity” wasthe mean number
of individuals of a particular symbiotic species
per infested host in a sample (Martin, Britayev,
1998). In order to study relationships between
crab size and indices of infestation, crabs were
divided into 4 size classes. 1-50 mm, 51-100
mm, 101-150 mm and >150 mm CW. Differ-
encesinamphipod prevalencesamongsizeclass-
es were examined using contingency tables,
while differences in mean intensities were ex-
amined using a non-parametric Kruskal-Wallis
test. Because no crabs with CW 1-50 mm were
infested by amphipods we excluded this size
class from the statistical analyzes.

Results

Host infestation characters

The minimum size of crabs with symbionts
was 56 mm CW. Number of crabsinfested by I.
commensalis increased as crab size increased
(Fig.1). Itwasvery lowinjuvenilesand sharply
increased in mature crabs with CW > 100 mm
(df =3, x> =168.18, p < 0.001). This could be
connected with both decreased frequency of
molting of thegiven crab sizegroup and withan
increase of the total body surface of the hosts.
All thecrabswith CW > 140 mmwereinhabited
with the symbionts. The prevalence of I. an-
guipesalsoincreased with thehost size (Fig. 1),
being significantly higherinlarger crabs(df =3,
%? = 168.18, p < 0.001).

Similarly with the prevalence of infestation,
mean intensity of |. commensalisincreased sig-
nificantly on the crabs with larger carapaces
(Kruskal-Wallis test: df = 2, H = 19.28, p <
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Fig. 1. Prevalence of Ischyrocerus commensalis and Ischyrocerus anguipes on different-sized red king crabs
in Dalnezelenetskaya Bay of the Barents Sea in summer 2004.
Sample size for each size group is indicated in brackets. The same letters indicates no significant difference

between size groups (p > 0.05).

Puc. 1. DKCTEHCHBHOCTB 3aCeNIeHUsI KAMUATCKHX KpaOOB pa3HbIX pa3MepHbIX rpymn ambunonamu Ischyrocerus
commensalis n Ischyrocerus anguipes B ryoe [lanbHe3enenenkas bapeniesa mops aerom 2004 r.

B ckobkax yka3aHbel 00beMbl BBIOOPOK A7 KaKI0H pa3sMepHoi rpymnibl. Of1nHAKOBbIE OYKBBI YKa3bIBAIOT
OTCYTCTBHE JJOCTOBEPHBIX OTIMYMNA MEXIYy pa3MepHbIMU kiaccamu (p > 0,05).

0.001) (Fig. 2). In contrast, mean intensity of |.
anguipes was similar in different-sized crabs
(Kruskal-Wallistest: df =2,H=1.58, p=0.452)
(Fig. 2).

In our studies, more than 97% of al crabs
were at the second stage of molting. In such

crabsthe mean intensity of |. commensaliswas
50.9+4.9 per one crab; in crabs at the third
molting stagethisindex increased to 94.6+58.1.
For |. anguipes mean intensity was 4.4+0.9 and
22.6+7.6, respectively. However, it is prema-
ture to discuss the dependence of crab infesta-
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Fig. 2. Mean intensity of Ischyrocerus commensalis and Ischyrocerus anguipes on different-sized red king
crabs in Dalnezelenetskaya Bay of the Barents Sea in summer 2004.
Sample size for each size group is indicated in brackets. The same letters indicates no significant difference between size

groups (p > 0.05). n — number of colonized crabs.

Puc. 2. CpenHsis HHTEHCUBHOCTH 3aCEICHUS KAMYATCKUX KpPaOOB pa3HBIX pa3MEpHBIX IPyHI aMpHUIo-
namu Ischyrocerus commensalis n Ischyrocerus anguipes B ryoe JlanbHe3eneHenkas bapeHuesa Mops

nerom 2004 r.

OnuHaKoBbIe OYKBBI YKa3bIBAIOT OTCYTCTBHE JOCTOBEPHBIX OTIIMYMH MEXIy pasMepHbIMH Kiaccamu (p > 0,05). n —

KOJIMYECTBO 3aCCIICHHBIX Kpa6013.

tion with symbionts on the molting stage of the
crabs, because crabs at the first and fourth
molting stages were rare in our samples.

We found no relationships between both
prevalence and mean intensity of amphipods
and depths where the crabs were collected (p >

0.05inal cases) (Table 1). On the other hand,
the prevalenceof |. commensaliswascorrelated
with the size of crabs (r? = 0.955, p = 0.004).
Thesefindingsindicatethat variability ininfes-
tationindicesisconnected withvariationincrab
size rather than depth, that could be explained
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Table 1. Amphipods of the genus Ischyrocerus and the red king crab. Indices of infestation and sizes of
crabs collected at different depths in Dalnezel enetskaya Bay, July—August, 2004. N — number of crabs;

CW — carapace width; SE — standard error.

Tabnuua 1. Amdunoast pona Ischyrocerus n xaM4aTckuii kpad. MHAEKCHI 3aCEICHHOCTH U pa3Mephbl
KpaOoB Ha HCCIICIOBAHHOM JHaIa3oHe TiyOouH B ryoe [lanpHesenenenkas B urose—asrycre 2004 r. N —
konmaecTBo kpabo; CW — carapace width; SE — standard error.

Ischyrocerus commensalis Ischyrocerus anguipes
Depth, m Mean intensity Mean intensity
FJ'Iy6I/I’Ha N | CW. mm Prevalence, % +SE, spec. Prevalence, % +SE, spec.
M ’ ’ DKCTEHCUBHOCTb, Cpenusist DKCTEHCUBHOCTb, Cpenusist
% HWHTEHCUBHOCTb, % HWHTEHCHBHOCTb,
9K3. 9K3.
5-12 32 | 71.348.1 344 21.5+4.8 15.6 2.4+0.7
13-20 68 | 111.745.3 63.2 74.1+8.9 14.7 7.2+2.6
21-28 48 | 101.2+5.9 62.5 32.7+6.3 29.2 3.4+1.0
20-36 37 | 119.6+7.9 75.7 39.5+6.4 324 4.8+1.7
>36 34 | 91.2+11.2 47.1 80.3+32.9 17.6 17.7£7.6

both by wide bathymetric distribution of I. com-
mensalis and migrations of crabs within the
studied depth range.

Location

In large crabs, mass aggregations of sym-
bionts were found near mouth appendages. The
majority of adult individuals were recorded at
this site. Symbionts were often found on dorsal
surface of pereiopods in places of articulation
between basiopodite and ischiopodite aswell as
between meropodite and carpopodite, i.e. in
places of accumulation of sand particles allow-
ing amphipods to attach themselvesto the crab
body. Less frequently the symbionts were re-
corded on abdomen, carapace, and on eggslaid
under abdomen of crab females. In some crabs,
amphipods were found on “scars’ or mechani-
cally damaged places of exoskeleton.

A number of |. commensalis were recorded
incrabgillswherethey build specifictubes(Fig.
3). Inthegillsthey canform denseaggregations.
For example, in amale with 200 mm CW, gills
contained 219 amphipods with body length up
to 11 mm. Out of 132 crabs with symbionts, 68
(51.5%) had amphipods|. commensalisingills,
and another 28 had empty tubes. Amphipods
occur in gills of crabs with CW no less than

120.7 mm. The mean CW of crabs with amphi-
pods in the gills was 144.6+1.6 mm (120.7—
200.0 mm), whereas CW of crabs without am-
phipodsin gillswas only 76.0+4.0 (9.1-173.0)
mm. Statistical analysis indicated a significant
difference between these level s (Kruskal-Wall-
istest: df = 1, H = 93.32, p < 0.001). Gillsare
mostly inhabited by juveniles comprising 80%
of the total number of amphipods. Therefore,
themeanlengthof individualsfoundingillswas

Fig. 3. A fragment of the red king crab gill tissue with
tubes of Ischyrocerus commensalism.

Puc. 3. ®parmeHT xabepHOW TKaHM KaMYaTCKOTO
Kkpaba ¢ JomMHuKamu Ischyrocerus commensalism.
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Table 2. Morphometric parameters of amphipods I schyrocerus commensalis and |. anguipes collected
from red king crabs in Dalnezelenetskaya Bay, summer 2003—2004.

Tabnuna 2. Mopdpomerpuueckue mokasatenn ambunon Ischyrocerus commensalis v 1. anguipes,
cOOpaHHBIX ¢ KaMYaTCKUX KpaboB B rybe JlanpHe3eneHenkas B neTHuit neprox 2003-2004 rr.

Sex Mean body length (min-max) = SD Mean weight (min-max) + SD Cpennsist
ot JinHa tena cpenusis (MUH.-MakKc.) £ Macca Tena (MHH.-MaKc.) + CTaHIapTHOE
CTaHIAPTHOE OTKJIOHEHHE OTKJIOHCHHUE
Ischyrocerus commensalis
Females 7.2 (4.0-12.1) £1.81 8.2 (1.0-44.0) +6.11
Camku
Males 6.9 (4.1-12.0) £1.70 6.8 (0.5-26.0) £5.07
CamM1isl
Juveniles
Moroxs 2.4 (0.7-5.0) £1.04 0.6 (0.2-2.0) £0.26
Ischyrocerus anguipes
Females
Cax 4.2 (2.3-8.0)£1.21 1.7 (0.5-12.0)+ 1.77
Males
Camist 3.6 (2.3-6.0)£0.71 1.1 (0.5-2.5)+0.55
Juveniles
Mooz 2.2 (1.0-3.8) £0.52 0.5 (0.3-1.0)x 0.15

only 3.5 mm. The mean size of males, females,
and juvenilesof amphipodsingillswaslessthan
inthewhole population. Large adult amphipods
were only recorded in gills of crabswith CW >
170 mm that correspondingly have larger gill
filaments.

Co-occurrence of amphipods on the
red king crab

Analysis of the data obtained in summer
2003-2004 has shown that both amphipod
species co-occurred on 47 crabs out of 132,
other crabswere hosts of I. commensalisonly.
Themean CW of the crabswith both amphipod
species was 140.4 mm (66.3-200 mm). In
smaller crabs with CW 60-120 mm (n = 3) the
ratio between amphipods was 50:50. In larger
crabs with CW > 120 mm (n = 44), more than
80% of symbiotic amphipodswereindividuals
of 1. commensalis. Animals of both species do

not form separate aggregations on the crab
body except for crab gills where only 1. com-
mensalis were found.

Size and sex structure of amphipod
populations and sexual dimorphism

A total of 5241 specimens of symbiotic
amphipods of the genus I schyrocerus were an-
alyzed. Vast majority (5019 specimens) be-
longed to Ischyrocerus commensalis. The pop-
ulation of this speciesmostly consisted of juve-
niles. The number of juveniles was more than
two times higher than that of adults (3499 and
1520 specimens, respectively) and they com-
prised 77% of al individualsin the population.
Among adult amphipods, femaleswere dlightly
more abundant than mal es. their percentagewas
54.9% (835 females and 685 males). The mean
body length was 3.9 (3.6-12.2) mm, and the
mean body weight was 2.3 (1-44) mg. Mean
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Fig. 4. Male (A) and female (B) of Ischyrocerus commensalis. Arrows indicate second gnathopods, scale bar —

4 mm.

Puc. 4. Camen (A) u camxa (B) Ischyrocerus commensalis. CTpenkamu MoKa3aHbl BTOPbIE THATOMO/BL.

Macmitab 4 mm.

body length of females was larger than that of
males (Kruskal-Wallistest: df =1,H=7.35,p=
0.007) (Table 2).

Among adults, sexual dimorphism expressed
itself not only in size but also in the structure of
second gnathopods: they arelarger inmalesand
theinner margin of the claw bears pinnate setae.
Second gnathopods in females are characteris-
tically ascidiform, the inner margin of the claw
has no pinnate setae (Fig. 4).

Relation between weight and length of am-
phipods can be described by an exponential
equation, namely: W = 0.0114L 3% for males,
and W = 0.0101L32" for females, where W is
weight in mg and L is body length in mm. The
form of equation for males and females differs
insignificantly (Fig. 5).

In total, 222 specimens of |. anguipes col-
lected from the red king crabs were analyzed.
Females prevailed in abundance — 60.8% of
the total number of population. The number of
juveniles was much lower — 15.8%. The sex
ratio was biased toward to females accounting
72.2% of mature amphipods (135 females and
52 males). This speciesis smaller than |. com-
mensalis. The mean body length was 2.9 (1.0—

8.0) mm, the mean weight was 0.8 (0.3-12.0)
mg. The data on size and weight in males,
females, and juveniles are given in Table 2.
Females were larger than males (Kruskal-Wal-
listest: df =1, H=5.29, p = 0.021). Similarly
with I. commensalis, the form and structure of
second gnathopods differ between adult male
and female specimens.

Peculiarities of reproduction

Material collected from the red king crab
alows us to describe the reproductive biology
of both species. The data are more detailed for
I. commensalis.

An analysis of relationship between body
length and maturity stagesof femaleshasshown
that the relative number of females at later
stages of maturity increases as their size in-
creased (Fig. 6A).

Femalesat stage0 (without marsupial plates)
occur withinanarrow sizerangefrom4.0t0 6.3
mm and comprise 100% among the smallest
individuals (4.0-4.8 mm). Females at stage 1
(marsupial plateswithout embryos) occurredin
the size range 4.8-7.9 mm and numerically
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Fig. 5. Relationship of wet weight to body length for

male (A) and female (B) of Ischyrocerus commensalis.
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dominated among amphipodswith 4.8-7.1 mm
body length. Females at stage 2 (with embryos
inmarsupium) prevailed bothinsizerangefrom
7.2t011.2 mmandinthewholepopulation. The
portion of femalesat stages3and 4 (withembry-
os and having already released juveniles) in-
creases with body size. The size of females at
these stages varies from 7 to 12 mm. Their
number waslow, andthey prevailed only among
amphipods with body length > 11.2 mm.

The number of eggs in female marsupial
pouch (individual fecundity) was 23.0 on aver-

age. The mean individual fecundity was higher
in larger females (Fig. 7).

The embryo diameter variesfrom 0.3t0 0.6
mm. It increases as the embryos devel op, being
0.40£0.055 mm at the first maturity stage,
0.47+0.083 mm — at the second stage, and
0.50+0.016 — at the third stage. The length of
fully formed juvenileswere 0.7 to 1.2 mm.

Reproductive characteristics of 1. anguipes
aresimilar tothosein|. commensalis(Fig. 6 B).
Females with eggs (maturity stage 2) also pre-
vailed in the population. An increase in the
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Fig. 6. Size-frequency distributions of Ischyrocerus commensalis (A) and Ischyrocerus anguipes (B)
females with different developmental stages in Dalnezelenetskaya Bay, summer July— August, 2003—2004.
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portion of femalesat |ater maturity stages(stage
2 and older) also connected with their growth.
However, inl. anguipes, femalesat stages 1 and
2 are found even among the smallest individu-
als. Thisindicates that maturation of the sum-
mer generation of 1. anguipesismorerapid than
in 1. commensalis.

Mean individual fecundity of females (7.0
embryos) is considerably lower thanin I. com-
mensalis, and the embryos are smaller. The
diameter of embryosincreaseswith their devel-
opment: itis0.28+0.064 mmat thefirst maturity
stage, 0.31+0.062 mm at the second stage, and
0.34+0.022 mm at the third.

Our datasuggest that intensive reproductive
processes in |. commensalis and |. anguipes

occur of in July—August when the final matura-
tion of females and their eggs and a release of
juvenileswere observed in both amphipod spe-
cies.

Discussion

It is known that symbionts can control the
population density of crustacean hosts by de-
creasingtheir fecundity (Kuris, 1993; Williams,
McDermott, 2004). For example, during sharp
increases in abundance of symbiotic nemerte-
ans Carcinonemertesepialti Coe, 1902, mortal -
ity of embryos of their hosts, the crabs P.
camtschaticus and Hemigrapsus oregonensis
(Dana, 1851), can reach 40-100% (Wickham et
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al., 1985, Shield, Kuris, 1988). According to
dataof several authors(Ottoetal., 1990, Shields
et a., 1990; Kuris et a., 1991), species of the
genus Ischyrocerus can feed on embryos from
egg clutches of the red king crab in Alaskan
waters. A similar conclusion was drawn by
Klitin (2003), who found |. commensalis near
Sakhalinonly inegg clutchesof femalered king
crabs. Both species of Ischyrocerus, especially
I. commensalis, rapidly colonize red king crabs
inthe Barents Seaaswell. Therefore, it cannot
be excluded that in the new habitat they also
canfeed on crab embryosand negatively affect
the crab fecundity. However, special experi-
mental studies are required to confirm this
hypothesis.

It should be specially noted that amphipods
|. commensalisare abundant in crab gillswhere
they build tubes attached to gill filaments. The
size of gill filaments of juvenile crabs and their
frequent molting do not allow amphipods to
build tubes. This is just the reason why small
juvenile amphipods prevail in gills of juvenile
crabs. Asthe crab size increases, the number of
amphipods on crab gills also increases, and on
large crabs they can form dense aggregations,
up to 219 specimens per host. Such a large
amount of foreign matter, both amphipods and

their empty tubes, inthe crab gillscould lead to
two negative consequencesfor the host. Firstly,
itmay impair host respiration ashasbeen shown
for other crustacean symbionts(Gannon, Wheat-
ly, 1992; Astall et al., 1996). Secondly, thiscan
lead to the increasing of energetic costs due to
the increasing activity of the 5th pair of rudi-
mentary walking legs for cleaning the gills of
debris and amphipods.

Ontheother hand, weobservedlargeamphi-
pod aggregations on limb “scars’ and in the
places of mechanically damaged carapace. The
amphipods colonizing these sites may feed on
dead tissues, pathogenic bacteriaand fungi. If it
isthe case, such arel ationship should beconsid-
ered as a cleaning symbiosis. Therefore, it is
still difficult to estimate the balance of sym-
bionts-host relationships in this association.
Evidently, there is a complex of interactions,
quite different from simple commensalism. It
may be hypothesized that in a period of very
high abundance of amphipods they can nega-
tively affect the reproductive potential of the
crab population and affect respiration rates in
singlecrabs. Therefore, asurvey of peculiarities
of the crab colonization with associated organ-
isms should be included in aroutine biological
analysis of the crab population.
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Indicesof infestation of amphipodson crabs
increasewith size (age) of thecrabs. Thiscanbe
connected with both increased surface of the
crabs (increased area available for coloniza-
tion) and decreased frequency of crab molting.
A similar tendency was also found in the red
king crabs off the Western Sakhalin (Klitin,
2003).

I. commensalis is probably more closely
associated with the red king crab than I. an-
guipes. High prevalence, intensity of infesta-
tion, abundance of juveniles, and the presence
of all maturity stagesof I. commensalisfemales
on the crabs prove close relationship between
this symbiont and its host. Additionaly, it was
never found in free living state in the area
studied. Location of amphipodsalso provesthis
hypothesis: |. commensalis were found more
frequently onthe host gillsand mouthpartsthan
|. anguipes. In contrast, |. anguipes had lower
prevalence, intensity and number of juveniles
on the crab than that of I. commensalis. More-
over, the proportion of |. anguipes females
without marsupia plates and eggs (maturity
stage 0) was very low even among the smallest
females, suggests the recruitment of these am-
phipods from other substrates.

Some significant differences can be men-
tioned also in life cycle strategies of these spe-
cies. . commensalis has larger size, reaches
maturity later, and produces more and larger
eggs than |. anguipes. Even though we have no
dataon seasonal dynamics of reproductive pro-
cessesin |. commensalisand |. anguipesin the
Barents Sea, our results show active reproduc-
tion of these species on crabsin August, which
correspond with dataon reproductiveactivity of
free-living populations of the same speciesboth
inthe North America(Dunbar, 1954) and (for I.
anguipes) intheBarentsSea(Kuznetsov, 1964).
Co-occurrence of amphipods on the red king
crabs may be an evidence of either weak inter-
specific competition between these species, or
an absence of such competition.

Inconclusion, theroleof theredking crabin
expansion of the range of amphipods of the
genuslschyrocerusintheBarents Seashould be
mentioned. Thisexpansion canlead to achange

in abundance of some parasitic speciesthat use
amphipods as intermediate hosts. For example,
it is known that metacercariae of trematodes
Podocotyle atomon (Rudolphi, 1902), whose
final hosts are marine fishes, actively infected
different small crustaceans, including I. an-
guipes (Uspenskaya, 1963).
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