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ABSTRACT

Life history of the amphipodOnisimus caricus(Hansen, 1887) was examined in
Adventfjorden, Svalbard from samples collected viagited traps. Sampling was carried out
in shallow water over the course of 10 months betw®&eptember 2006 and August 2007. The
life cycle of the species was estimated from geisgecific size-frequency distributions with
the help of kernel density estimates and mixturstrihution analysis. Reproductive
parameters of the population were estimated andpaced to those of other amphipod
species. The life cycle of the species was sugdestd the growth rates were modeled based
on the life cycle. The modeled growth was compaoeithe growth of otheDnisimusspecies.
The potential sampling biases, such as the atractiO. caricusto the bait, were discussed.
The life span of the species was suggested to lb@engsas 5 years, which is longer than the
previous estimate of 3 years. The mating time efdpecies was found to occur in the mid-
winter and the hatching of juveniles from late Jomemid-August. The hatching time of the
juveniles coincides with the peak in zooplanktorrtaldy. Even though the life cycle estimate
in this study is based on strong evidence andge lsample (6832 specimens from 10 months
throughout a year), there is room for criticismh@tpossible life cycles were discussed. In
any case, it is probable that the life historyha species is semelparous (one brood during life
time) and perennial (life span more than two yeamsdh a possibility of iteroparism (two
broods during life time). A hypothesis that sexomdturity is dependent on a certain number
of molts rather than body size would explain thghhvariation in the size of egg-bearing
females observed. This would support a semelpa@necaricus population, where the
reproductive success of females would be determinyethe growth rate. Remarkably large
egg size, long life span, slow growth and poterg@ahelparity suggest th@ caricuscan be
classified as an A-selected species, which is ddfas a selection for predictably unfavorable
habitats
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TIVISTELMA

Onisimus caricugHansen, 1887) katkan elinkiertoa Huippuvuortervérdvuonosta tutkittiin
mertandytteenotoilla. Naytteenotto suoritettiin ymypuotisesti kymmenend kuukautena
syyskuusta 2006 elokuuhun 2007 suhteellisen matlasdessa. Lajin elinkierto arvioitiin
perustuen sukupuolispesifiseen pituus-frekvendsaaymaan, jota tarkasteltiin sekajakauma-
analyysilla seka kernel-tiheysestimaateilla. LiggEmsparametrit arvioitiin ja niita verrattiin
muihin katkalajeihin. Kasvu arvioitiin ja mallinrigt sijoittamalla sekajakauma-analyysin
antamat kohorttien keskiarvot ajallisesti arvioiuelinkiertoon. Saatua kasvukayraa verrattiin
toisiin Onisimus suvun Kkatkoihin. Lajin elinkierto hahmotettiin kak@isuudessaan ja
elinkierron kannalta tarkeimpien vaiheiden ajoitista lyhyeen, mutta tuottoisaan arktiseen
kes&dan pohdittiinO. caricuskatkan elinkaareksi saatiin viisi vuotta, mika diayavan pitka
aika verrattuna aiemman tutkimuksen perusteellaioidman kolmeen vuoteen. Lajin
paritteluaika sijoittui keskitalveen. Naaraat kavéb munia keskikesaan, jonka jalkeen munat
kuoriutuivat heind-elokuussa. Kuoriutumisaika djoitsamaan ajankohtaan kuin oletettu
huippu eldinplanktonin kuolleisuudessa. Vaikka @itui elinkierto perustuu vahvoihin
todisteisiin ja suureen naytekokoon, tuloksiirtyitepavarmuutta. Kritiikin lahteita pohdittiin
ja vaihtoehtoisia ratkaisuja elinkierroksi punmitti Vaikka muita vaihtoehtoja elinkierroksi
saattaa olla, on todennakoistd, etta laji on etir&piirteiltddn semelparinen (yksi poikue
elinaikana) ja monivuotinen. Mahdollisuutta iterdpan (kaksi poikuetta elinaikana) ei voitu
sulkea pois. Tallgin naaraat tuottaisivat yhdenkpeen neljantenda kevaanaan ja toisen
viidentena. Kirjallisuudessa esitetty hypoteesita esukukypsyys saavutettaisiin tietyn
kuorenvaihtomaaran jalkeen, tukisi havaittua miaiatavien naaraiden suurta kokovaihtelua.
Huomattavan suuri munien koko, pitk& elinkaari,asikasvu ja mahdollinen semelparisuus
kaikki tukevat lajin luokittelemista elinkiertopigiltdan A-kategoriaan, joka on
perinteisemman K-kategorian vastine aarimmaisiaswohteisiin.
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1. INTRODUCTION AND BACKGROUND

1.1. Order Amphipoda

The Amphipoda is an order of crustaceans that dediapproximately 9 300 described
species (Vader 2005, updated by Vader pers. conitrig.one of the most diverse orders
among crustaceans. Vader (2005) conjectured teabthl number of amphipod species in the
world may be as high as 30 000 to 40 000. As welb@ng a diverse order, Amphipoda is
also a widespread group. The vast majority of apguhispecies live in the oceans in all
latitudes from the polar oceans to the equatorrspgrall possible depth zones. There are also
some terrestrial amphipods, which only live in m@igces, for example on beaches or under
leaf litter in forests (Schram 1986). In additi@mphipods are found in fresh water bodies.
For example, 366 amphipod species, little more @6 of the total number of the fresh
water amphipod species found from the world, hanlmescribed from Lake Baikal, Southern
Siberia (Vader 2005).

According to traditional amphipod classificationir{toln 1979, Barnard & Karaman
1991) order Amphipoda is divided into four subosdgfl) Gammaridea are primarily benthic
amphipods, with perhaps 20 % pelagic species. B#iegmost abundant suborder in the
Arctic regions, Gammaridea encompass approximadélg5 % of all described species
globally; (2) Hyperiidea are found only in pelagicvironment and belong to the Arctic fauna;
(3) Caprellidea consists of skeleton shrimps, wlaich typically associated with kelp forests,
but there are also some ectoparasites of marimeamts belonging to the group; and finally
(4) Ingolfeillidia. However, this conventional ampbd classification has been widely debated
(cf e.g. Barnard & Karaman 1991, Berge et al. 2@iglisch 2001, Myers & Lowry 2003,
Vader 2005). This study focuses on Gammaridean grogs, more exactly the amphipod
Onisimus caricus which belongs to the superfamily Lysianassoid&he superfamily
dominates the necrophagous fauna in shallow coastak and fjords of the Arctic (Thurston
1979, Oliver & Slattery 1985, Presler 1986, Saiiie 1986a, Slattery & Oliver 1986,
Kaufmann 1992, Sainte-Marie 1991, Legeska et al. 2000, Leggnska 2001).

Gammarideans are flattened from side to side, mreraccurately, they are defined by
the presence of three pairs of uropods (tail-limdrs) usually by having the first two pairs of
legs, called gnathopods, modified to help in gnagpood (Figure 1). Amphipods, like tanaids
and isopods, lack a carapace covering the thorak,they have seven thoracic and six
abdominal plated segments, which support and pecsiiétlter for the gills and other soft parts
of the animal. The arrangement of the gills andeoytiates in the thorax, called coxae,
provide shelter for the eggs, which are carriecmdlly by the female. The head carries two
pairs of antennae, the stalkless eyes, and thehpaus (Schram 1986, Barnard & Karaman
1991). The name “amphipod” comes, from having sevans of walking legs of which the
first four reach backwards and the fifth to severgach forwards (Berge pers. comm.). The
abdomen is divided into two parts: three segmeiits bvush-like limbs, called pleopods, and
three with short immobile rod-like uropods.
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Figure 1. General external structure of a gammaridemphipod (Barnard & Karaman 1991).

Despite of their relatively clumsy appearance,aeramphipods are surprisingly good
swimmers. For swimming at steady speed, amphipedsmainly pleopods. In addition, they
can use their tail for fast sudden movement in otdeescape predators. Most benthic
amphipods use their five last thoracic legs forkivej along the substrate (Schram 1986,
Barnard & Karaman 1991). The size of amphipodsegagmongst and within the species.
Typical body length for an adult amphipod is fronfeav millimeters to a few centimeters,
depending on the species, but amphipods as lor& asn have been recorded (Barnard &
Ingram 1986, Barnard & Karaman 1991).

The life cycle of gammaridean amphipods typicalpnsists of five different periods
(Figure 2). Since the sexes of amphipods are sepaggs develop in the brood pouch of the
females. Moreover, the number of eggs in a clutaties highly among species (Steele &
Steele 1975a, Barnard & Karaman 1991). The lengtie hatching period depends on the
water temperature and the egg size, and variesaat from two days to half a year (Sainte-
Marie 1991). Unlike most crustaceans, the amphigadk a free-living larval stage and
juveniles look very much like the adults. Furtherejot is common amongst most of the
gammaridean species that females provide sheltehéir offspring in the brood pouch for a
couple of weeks after hatching. Once the juverakesbig enough to start living on their own,
they are released.

The growth of amphipods is connected to the charfigbe rigid exoskeleton. After a
varying time period and a certain number of mol&xton 1924), juveniles achieve
characteristics typical to their sex. The males draracterized by the presence of genital
papillae (penis) and often by enlarged eyes andhgpads (Skadsheim 1982, Barnard &
Karaman 1991). The males of Lysiannasidae havellysloamger second antennae than
females, because of their habit to swarm and dgtiwed females by smell (Conlan 2004).
The females in turn are characterized by the poesehoostegites (brood plates) (Barnard &
Karaman 1991). Development of sexual charactesisgquires time and probably a certain
number of molts, before specimens mature and adyréeo mate (Hammersmith & Coyle
1991).
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Figure 2. General life cycle of a gammaridean apmthi(modified from Birmingham et al. 2005)

In the Arctic regions amphipods are commonly théy aignificant crustaceans in
biomass from shallow water and tidal flats, whesens of the bird species, such as waders
(Westawski et al. 2000) and arctic tei®térna paradiséa(Kovacs 2006), are feeding. This is
one reason why amphipods are considered as a lkagest in the Arctic food webs
(Westawski et al. 2000). In addition to birds, amphip@re an important food source for other
invertebrates and vertebrates including polar d@aréogadus saida(Arndt et al.in prep),
young white whale@elphinapterus leucgqHeide-Jgrgensen & Teilmann 1994) and ringed
seal pups Rusa hispida (Hobson & Welch 1992, Kovacs 2006). Most of tlysidnassid
species are necrophagous or detrivorous. In additialetritus, amphipods recycle pollutants
deposited in the seafloor causing the accumulatigrollutants in the food chain (Svendsen et
al. 2007). Some sympagic (sea ice-associated) guoghlspecies play an important role in the
ice communities by feeding on algae during thealcml bloom, even though they are not as
important as Calanoids (Copepoda) in linking thempry producers to the higher trophic
levels (Arndt & Swadling 2006, Arndt et @&h press.

1.2. Life histories of gammaridean amphipods

Knowledge of life history characteristics of singleecies is important for understanding
both the population biology of the species andat@ogy of communities. Furthermore, life
history features, which are affected by environrakobnditions, may result in very different
life cycles, size and age class structures anchskacy productivity between populations of the
same or related species over their distributioanes (Hammersmith & Coyle 1991). When
enough research has been conducted on the ecdlagymmmunities, the knowledge can be
used to deduce interactions between communitiethénecosystem. Such knowledge of
ecosystems can lead to a better understandingefsdi life in the oceans. Understanding this
diversity could potentially lead to an increasednn awareness towards life in the oceans,
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which in turn could raise awareness of the impagaonf conserving the unique ocean
ecosystems world wide.

There are a relatively large number of high-qualityplications dealing with life history
features of the Arctic and the deep-sea gammaridegrhipods (e.g. Wildish 1982, Sainte-
Marie 1991, Hammersmith & Coyle 1991 ¢#¥awski et al. 2000, \&stawski & Legeynska
2002, Arndt & Beuchel 2005). Generally shallow cwldter gammaridean, especially
lysianassid, the amphipod assemblages remind thote deep-sea, but while the deep-sea
communities have some extremely large members, ipoglassemblages in the shallow cold-
water seem to lack those large species (SainteeM&91).

According to the traditional idea of two types df lhistory selection operating in
contrasting environments unpredictable habitatslavtavor species with short life cycle, high
fecundity and good colonizing abilities (MacArth&irWilson 1967). Species with these life
history traits are commonly referred as r-selecladcontrast, species associated with K-
selection, having longer life cycle, lower fecundiand in general, being better competitors
for resources, would be more competitive in crowdamdictable favorable habitats.
Greenslade (1983) updated this habitat templet prigldlictably unfavorable habitats, such as
those in the Polar regions. He suggested advessiction, abbreviated as A-selection, for
these habitats. Before this suggestion, it was ladied that K breeding strategy appeared to
be universal in both Arctic and Antarctic benthiastaceans and fishes (Thorson 1950, Clarke
1980). Predicted life history traits for A-selecti@re great longevity, slow growth, late
maturity and low fecundity. After Greenslade (1988)has been considered that arctic
crustacean fall rather to A-selection category masgeneral high-latitude (cold water)
gammaridean amphipods are characterized by onellpeoyear (univoltinism), large body
size, delayed maturity, long life cycle, large eyads and few broods in life time (Sainte-
Marie 1991, Wstawski & Legeynska 2002).

In order to succeed in breeding, it is importansyachronize the release of the brood
with optimal conditions especially in the Polar icets (e.g.Thorson 1950). Most of the
publications on the biology of sub-polar and polaarine invertebrates report strong
seasonally correlated breeding as a general pafunbar 1957, Kuznetsov 1964 after
Westawski & Legeynska 2002, Steele 1967, Steele 1972, Steele & S8, Thurston
1972, Steele & Steele 1975, Clarke 1979). Furts&udies have shown that the polar
amphipods tend to have only one distinctive repctide period per year and thus the cohorts
in the length—frequency distribution are often ¢desed as age-classes in life history studies
of the Arctic amphipods (e.g. Steele & Steele 1B&ydrias & Carey 1988, Sainte-Marie
1991, Poltermann 2000, dtawski et al. 2000, Beuchel & Lgnne 2002gc3fdwski &
Legerynska 2002, Arndt & Beuchel 2005).

Typically the Arctic amphipods breed only onceidgrtheir life time (Dunbar 1957,
Kuznetsov 1964 after ¥étawski & Legeynska 2002, Steele & Steele 1975, Tzvetkova 1977,
Kosztneyn et al. 1995), but two or even more broads not rare in some superfamilies
(Hammersmith & Coyle 1991). In a study of life ogslof some Arctic amphipod species
Westawski & Legeynska (2002) found that almost all species incubatggs during the polar
night and released their offspring in early ApHlowever, there were also exceptions, since
some species were reported to incubate during uhamer. It has been noticed, that even
though breeding is highly synchronous within a papon of particular amphipod species,
time of the breeding may vary among species andilpbpns (Sainte-Marie et al. 1990,



9

Sainte-Marie 1991, \dstawski & Legeynska 2002). Breeding of most of the species studied
by Westawski & Legeynska (2002) was synchronized with development o&lalgoom,
which in turn is controlled by solar cycle (Wiktd099). A summary of life cycles of a few
amphipod species occurring on Svalbard is showRigure 3 (Wstawski & Legeynska
2002). The summary shows high variation in longewit the life cycles with small species
having one year life span, typical to temperatas&ainte-Marie 1991), and the largest with
over four years life expectancy @afawski & Legeynska 2002).
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Figure 3. Life history diagram of a few amphipodesips occurring on Svalbard @dlawski &
Legezynska 2002).

Amphipod species on Svalbard show great variatomumber (4-500) and size (&:
0.23-1.6 mm) of eggs laid per female, even thodbbf@he benthic species investigated from
Svalbard seem to be K, or rather, A strategistgsfgwski & Legeynska 2002). The size of
egg affects the incubation time. Steele & Steef¥/%h) estimated that a gammaridean egg,
with a diameter of 1 mm, needs 120 days for indohanh a cold temperate sea. The mean
incubation time estimated by &tawski and Legeynska (2002) for amphipods occurring on
Svalbard, was approximately 150 days. Females @hgmods observed in the Svalbard area
belonged to the largest specimens known in theicieg (Wstawski & Legeynska 2002).

1.3. The study specienisimus caricus

The amphipods belonging to genOsisimushave been reported to be opportunistic
scavengers and predators (Murdoch 1885, Dahl 1#@dosh et al. 1982, Vader &
Romppainen 1985, Sainte-Marie 1986a). Some spsuisaO. litoralis (Krgyer, 1845) and
0. glacialis(GO Sars, 1900(gre generally deposit-feeders or herbivores, wQilearicusis a
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well-know scavenger and an opportunistic predavadér et al. 2005, Leggnska 2008),
even though opportunistic scavenging behavior leas lbecorded as well from species which
have thought to be herbivores. The type materiahef species was collected “from dead
dogs” during theDymphnaexpedition to the Kara Sea (Hansen 1887). Laterstfecies has
been commonly caught by baited traps (lzggeka et al. 2000).

Onisimusis a widely distributed genus, which dominatesllshawater scavenging
fauna in the Arctic together with another lysiaméggenusAnonyx Onisimusspecies have
been recorded mainly from shelf seas of the Arttie,boreal North Atlantic and the Pacific,
but also from the Caspian Sea (Lowry & Stoddart3)98 few Onisimusspecies have been
adapted to use the sea-ice as an “upside-downibdrathitat” (Mohr & Tibbs 1963) and their
distribution follows mainly the extent of the sea-i(Vader et al. 2005PDnisimus caricuhas
a circum-arctic distribution. It has been recorétedh around Svalbard and Franz Joseph Land
in the Barents Sea region and Ellesmere IslanchénGanadian Arctic (Leggnska et al.
2000, Vader et al. 2005). There are also recomts the Siberian Arctic: the species is found
from the Kara Sea (Hansen 1887), the Laptev Segd@ya 1985, Golikov 1990, both after
Vader et al. 2005) and the East Siberian Sea (Gavg@ 1985, after Vader et al. 2005). Some
single records have been made from the Beauforh8eth of Alaska and as far south as from
the Norwegian Sea (Gurjanova 1985, after Vaden.e2@05). The species has been found
mainly from shallow waters of the glacial bays, ltiutas also been collected from the depths
down to 200 meters (¥gtawski 1991, Zajczkowski & Legeynska 2001).

The wide distribution of the genu@nisimusamphipodsand their dominance in the
scavenging fauna in shallow waters of the Arctis baen thought to be partly because of their
diet plasticity and brackish water tolerance (Aratal. 2001). The diet @&. caricushas been
conjectured to vary during a year (Zegkowski & Legeynska 2001). Zagczkowski &
Legezynska (2001) narrated that during the main meltirgserO. caricuswas very likely
the most important species making use of the sinead zooplankton. Gut content analysis
in Legezynska (2008) confirmed this observation. Pelagicteiwesan occupied 78 % of the gut
content of 50 examined specimens. Marine zooplang&pecies are sensitive to brackish water
and have been reported to have high local mortaditfacial bays during the melting season,
when the surface layer has low salinity ¢8awski & Legeynska 1998, Zajczkowski &
Legezynska 2001, Eiane & Daase 2002). atakowski & Legeynska (2001) conjectured that
before and after the melting season large and yiglokile O. caricusprobably feeds on more
dispersed carrions.

O. caricusis amongst the largest species within the genwsvify & Stoddart 1993,
Vader et al. 2005). \&stawski & Legeynska (2002) suggested a three years maximum life
span for the specieblowever, the proposed life span is slightly dubidoecause it was based
only on 84 specimens from July. The researchers falsnd thatO. caricusfemales have a
low number of large eggs, supporting A-selectiantifie species.

1.4. Baited traps as sampling method

Quantitative methods should be used, when studpiogulation dynamics and life
cycles, (Gotelli 1998). There is almost an unlimiteariety of sampling methods developed
for marine benthos, but some methods are bettardtieers for a particular study (Eleftheriou
& Mclntyre 2005). When choosing the method, thesaohthe study and resources should be
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considered. However, qualitative methods developad highly motile hyper-benthic
organisms in shallow water are few.

Baited traps are cylindrical plastic tubes closeth & net on one end and with a funnel,
which functions as an entrance, on the other. A isaplaced inside of the trap to attract
animals. The traps are frequently used to studyesming fauna (Busdosh et al. 1982, Sainte-
Marie 1986, Legeynska et al. 2000, Arndt 2004, Arndt & Beuchel 20@&rtly because they
are cheap and easy to use, and partly becausath&ffective for motile scavenging species
(Legezynska et al 2000, Eleftheriou & Moore 2005). Maybedese baited traps are not a
quantitative sampling method, they have not beexl urs life history studies before, as far as
known. The fact that the traps have not been usesich studies does not necessarily mean
that using them is not feasible, if potential bgasennected to the sampling method are taken
into account.

1.5. Definition of life history terms used in the tudy

Terms used in amphipod life history studies inlttexature are quite confusing and the
meaning of a term may vary from a publication fmualication. In this study terms are tried to
use consistently, but in order to avoid confusiefirdtion is needed for some terms. In this
studylife historymeans attributes of the population, which leadefwraduction; for example
life cycle, life sparand different reproduction parameters, such asageenumber of eggs,
mating, spawning time etc. are understood as pdifednistory. The wordife cycleis used to
mean a theoretical life connected to reproductimh sexual stages of an average animal from
the population starting from an egg continuing lutiath. Wordife spanis a synonym for a
term maximum life spar longevitymeaning theoretical maximum for an average animal i
the population including time after reproductiospEcially the meaning of life span differs in
the literature. Some literature counts life spanmfran egg to mating. In this study life span
was understood as maximum age of an animal. Thissdgaalf year longer values than some
literature (for example \@stawski & Legeynska 2002).

1.6. Aims and hypothesis of the study

Even thought relatively much is known about thedfieg behavior and diet @. caricus
(Legezynska et al. 2000, Legenska 2001, Zaczkowski & Legeynska 2001, Legsmska
2008), life history traits of the species is comgabsnly of a few words and is based on one
sample consisting of 86 individuals ¢8lawski & Legeynska 2002). Since life cycle is
known and it might vary depending on locality (Haeremith & Coyle 2001)Q. caricusis
an excellent easily caught species to introduce asyects, such as baited traps and different
statistical methods, to a life history study. Maoreq the observed life history characteristics
can be compared with those of the well-kno@nisimusspecies, such ad. litoralis, O.
nanseniandO. glacialis

The main aim of this study was to shed light on maining obscurities in the life
history traits ofO. caricus to describe them in more detail, and to investiglasuch a study is
feasible to carry out using baited traps as a sSagpinethod. On the basis of the
environmental characters and the previous knowl€gestawski and Legenska 2002) on
the life history traits ofOnisimus caricusand related species, a perennial (more than two
years) semelparous life history with A-reproductisgrategy for Onisimus caricuswas
hypothesized. The secondary aim of this projecttwdsst this hypothesis.
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2. MATERIALS AND METHODS

2.1. Description of the study area

Samples were collected in Adventfijorden, Svalbard®15’ N, 15 35 E from 29
September 2006 to 15 August 2007 (Figure 4). Teatk of the region is strongly affected
by the warm West Spitsbergen Current, which makesmographic conditions in the open
flords on the west coast of Spitsbergen rather asube considering the high latitude
(Meincke et al 1997, Pfirman et al 1994, Hop ek@D2, Lydersen et al. 2004). Isfjorden is an
open fjord, which enables the entrance of warm salohe Atlantic Water masses from the
continental slope to the fjord system. Atlantiduehce can be seen in the water properties of
open side fjord as far in Isfjorden as Adventfjord8erge et al. 2005, UNIS course reports
1996-2007) On land, the warmest month in the reg®ruly, with monthly mean air
temperatures varying from 5 ta’6 and the lowest temperatures are recorded fromadgmo
March (monthly mean air temperature °§ (Hisdal 1985).

3 &
&a“‘ Franz Joreph
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Nordaustlandet
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Figure 4. Overview map of the study location (MBlprwegian Polar Institute 2000).

Longyearbyen, the largest settlement on Svalbasd,located on the shore of
Adventfjorden. The fjord is one of the southern suof Isfjorden, the largest fjord system of
west Spitsbergen. Adventfjorden is 8 km long ardkdn wide, and without a threshold at the
opening. Bottom depth close to the mouth of thedfijexceeds 100 meters. The depth
gradually declines towards the innermost part efffard with an inclination varying from°1
to 3. The central part of the fjord has a depth cleséd meters and banks leading down are
relatively steep (Zagpzkowski & Wiodarska-Kowalczuk 2007). The shorestlué fjord are
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exposed, and the bottom type is gravely mud, cimgnigi finer sediments towards the middle
parts of the fjord or the deltas of the two rivergering the fjord.

The innermost part of Adventfjorden is a tidal flahere the relatively small glacier-fed
rivers Adventelva and Longyearelva run. Steep emvirental gradients in the water masses
caused by freshwater input from glaciers duringtnselason, are reported to cause high
zooplankton mortality (\Wstawski & Legeynska 1998, Zajczkowski & Legeynska 2001,
Hop et al. 2002, Eiane & Daase 2002)¢sfdwski et al. (1999) estimated that during the 4
month-long melt season, the river Adventelva transpwater with an average rate of 3.&m
! and the mean concentration of suspended soli89®t 177 mg't. Even though the river
Longyearelva flows at a lower rate on average (ht4'), the mean concentration of
suspended solids during summer is usually highet @221 mgT). During the winter, the
rivers are frozen and the supply of terrigenousenmtinto the fjord ceases, but the sewer of
Longyearbyen runs to Adventfjorden, without nuttipnocessing, and causes a constant flux
of nutrients to the fjord, even during the coldestiod (Velvin et al. 2006). In addition, the
condensation system of the Longyearbyen coal pstaion causes artificial warm water
input into the fjord (Velvin et al. 2006).

Tidal flat and particle flux properties of Advemtfflen are described in Zagkowski &
Wiodarska-Kowalczuk (2007). The tidal flat is 0.8 kvide during low tide, and the bottom
inclination does not exceed 0.IThe prodelta slope reaches an inclination of 95dnd
terminates at a depth of 30 m. A surface currergppiroximately 1.5 m thick brackish water
layer extends in summer at least 0.8 km from thernmouths. The highest concentration and
flux of suspended solids is reported to exist at edge of the tidal flat and over the upper
slope of the delta. Both the concentration andsthiel particle flux decrease with increasing
distance from the river mouths. Suspended matesiasées murky surface layer, which blocks
visibility to the water masses below (Zezkowski & Wiodarska-Kowalczuk 2007).
Sedimentation is tidally controlled. Sediments deposited during floods and resuspended
and redeposited during ebbs. The prodelta slopeded by occasional events such as intense
storms or ice scouring (Zajzkowski & Wtodarska-Kowalczuk 2007).

During the sampling winter 2006-2007 Adventfjordemained open. At it's coldest (-
1.2 C) water was in April and warmest (7.3)Gn August. Salinity was highest in March
(35.5 psu) and lowest in August when surface ggliwas 10.3 psu (Figure 5). Both, salinity
and temperature changed fast between in the titaeval from 22 of May to 26 of July.
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Temperature °C

Salinity (psu)

Figure 5. Temporal bathymetric variation of saliniind temperature at the CTD station (marked as
CTD in Figure 8) during the study period. Lettemsxgaxis are months from 8.11.2006 to 15.8.2007.

2.2. Sampling

The amphipod sampling was carried out by baitegstravhich are cylindrical plastic
tubes closed with a net on one end, and with adirfianctioning as an entrance, on the other
(Figure 6) €.g.Busdosh et al. 1982, Sainte-Marie 1986, Slattei@I&er 1986, Sainte-Marie
et al. 1989). Five baited traps were attached tope at varying distances from 15 to 50
meters to form a transect (Figure 7). At each saigmccasion this set of traps was deployed
on the bottom for approximately 24 hours at fewessin Adventfjorden (Figure 8, Table 1). A
piece of chicken with average weight of approxiya8® grams was used as bait in each trap.

The three main sampling transects were locatec ¢tlmshe innermost part of the fjord few
hundred meters from the tidal flat. Transect 1 Wasted near the estuary of the river
Longyearelva and had slightly finer bottom sediméian the other localities. One end of the
transect was placed to a depth of 1-3 meters andttier end was typically at a depth close to
30 meters. Transect 2 was placed in a slightly nexgosed locality. The bottom type was
muddy gravel and depth, where the transect wag,Ilymaried from two to 34 meters. The
deeper end of Transect 3 was located close toullet®f the sewer of Longyearbyen. The
bottom type was fine mud mixed with gravel. Thellsiweer end was located at 1 meter depth.
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Mesh size ~0,6 mig

100 mm

Figure 6. General sketch of baited traps useddrsthdy.

Figure 7. Transect design for the trap-sampling.

Sampling was done monthly from September in 200@\ugust in 2007, excluding
January and July (Table 1). Bottom depth of eadh, sghere a trap was dropped in the water,
was recorded. The three main transects were usgdreanth, except in September, when
sampling places were tested with a trial sampling.

CTD (conductivity-temperature-depth measuring unsient) cast from a permanent
station, marked with a buoy, was taken during esampling after 7.11.2006. The used
instrument was STD/CTD model SD 204 produced byASAIS equipped with a chlorophyll
fluorometer and a turbidity sensor both produced&bgpoint Sensors Inc. Suspended organic
matter and chlorophyll concentration data usedénstudy were got from measurements done
from sediment traps by Zgjzkowski (unpubl). Suspension was extracted wig®jam filter.
Turbidity, measured with the CTD, was recorded\aage of the highest sensible values at
the surface. Light intensity data were measurelighsintensity in air from Ny-Alesund (79
N) (Berge et al. unpubl).
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Figure 8. The sampllng S|tes of the study The nsampling S|tes are marked with red and those
marked with blue were sampled only once. Full name exact location of the sites are presented in
Table 1. Detailed map: Statens kartverk (1959).r@ee map: Google Maps (2007).

Table 1. Details of the trap-sampling. In Octobad &November a double set of traps was used.
Abbreviations refer to Figure 8.

Adventfjorden Abbreviations

Date n of traps Depth range (m) Sites Name Coordinates

29.9.06 25 H.5.M.1.2 H Hotellnaset T8°14. 832 M 15°32 47T E
19.10.06 30 2-18 1.2.3 S Small boat harbour 78°14.362' N 15°32.283' E
7.11.06 30 2-24 1.2.3 M Mykaia 78°13.505" M 15°37 307 E
7.12.06 15 2-31 1.2.3 1 Close to the Sailing club  78°13.688" M 15°38.820° E
8.2.07 15 1-34 1.2.3 2 Close to the Polish hut ~ 78%13.621" N 15°39.22T' E
21.3.07 15 123 3 Close to the sewer outlet 78%13 574 N 15°39. 711 E
19.4.07 15 2-33 1.2.3

23507 15 1-28 1.2.3

20.6.07 15 1-33 1.2.3

15.8.07 15 1.2.3
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2.3. Laboratory procedures

Samples were washed in sea water and preservéd%methanol, or 4 % borax buffered
formaldehyde-in-sea-water solution in cases whabework was known to be delayed, and
were studied in the lab from a week to a year a@enpling. The fixation of amphipods may
have different shrink-effect between different $iolns (ethanol and formaldehyde), but the
effect on hard and robust lysianassid amphipodseaexpected to be insignificant compared
to other biases (Vader, personal communicationpt@ad amphipods were determined to
species with help of dissecting microscope (Leic&5Vand Leica MZ16). Identification of
Onisimusspecies followed Vader et al. (2005) and Johnsapufl.). For final confirmation
of the species, detailed drawings in Vader et2005) ofOnisimus caricugype specimens
were studied and compared to specimens presem iseimples.

After sorting to species, subsamples of approxityat®0 O. caricuswere randomly
picked out from each sample by mixing the samplfdéand using a spoon to grab a random
amount of amphipods. Since no abundance estimétée population were done the method
was considered to be sufficient randomization.dfyocone trap was full and others almost
empty, no subsamples were taken, in order to gaigimindividuals for the length-frequency
analyses. From these subsamples, each individuslassigned into one of five different
categories according to the maturity and sex: neafeimale, mature male, immature female,
immature male and juvenile. Sex determination wasell on the method described in
Boudrias & Carey (1988). Sex of an amphipod waggeized mainly by the presence of
genital papillae in males and of oostegites (brptdes) in females. When neither of these
characters was observable, individuals could nosdéed and were classified as juveniles.
Maturity of females was determined from the shapd kength of oostegites, where long
oostegites with long setae in the tip confirmed urigt. Oostegites were observed on the
detached fourth pereopod, on which they are e&silyd, if present (personal observation).

Maturity of Onisimus caricusnales was not possible to define certainly fromléngth
of second antennae, because elongation is not dsusbas with some other lysianassid
species. Nevertheless, males with significantlygansecond antennae were designated as
“mature” (or Mm) to make grouping of the males pblesin the later analyses. Individuals
with shorter second antennae were classified asatare” (or Mim).

During the end of the study period, a small subdarmapfemales was randomly picked
out from the samples and the length of oostegits examined to give additional data for the
life cycle and growth estimation. Females with eliént development of oostegites were
grouped into six categories: 1) Mature, long oadgtsgwith long setae on the tip (Fm); 2)
almost mature, long fully developed oostegites vatiort setae on the tip (Ffll); 3) long
oostegites, almost as long as in adult and witketde (FIng); 4) intermediate sized oostegites
without setae (Fint); 5) short, but notable oose=gwithout setae (Fsm) and 6) tiny newly
developed oostegites, small node, difficult to c®{iFtny).

After sex determination, the length of the firstgmnal segment (Ls), which was used as
a proxy for length of an amphipod, was measure@ Miethod was adopted from literature
(Skadsheim 1982, Beuchel 2000, Beuchel & Lgnne 2802dt & Beuchel 2005) (Figure 9),
where Ls is considered to be a more reliable astefanethod to estimate the length of an
amphipod than total length (Lt), measured fromofipphe rostrum to the tip of telson, because
the curvature of the body affects the result. Skanis (1982) estimated that measuring an
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amphipod in a curved shape can result up to a 3¥érestimation of the length compared to
a stretched shape. Since calibrated magnificatfothhe microscopes used in the study had
magnification of 17X, the length of the first penab segment was measured to the nearest
0.06 mm.

Ls
. \
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ol “* * ' Y
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Figure 9. Studied speci€nisimuscaricus. Dark lines illustrate the measured lergftfirst pereonal
segment (Ls) and total body length (Lt).

In order to compare results with previous studigsich refer to Lt rather than Ls, high
resolution photographs of 100 individuals @fhisimus caricusvere taken from the October
2006 sample, and used to create an equation teedolny to Lt. The procedure was repeated
with 27 individuals from the April 2007 sample tonfirm the validity of the equation.

The shortest and longest diameter of every eggladtai was measured with 32X
magnification to the nearest 0.03 mm. The developiretage of each egg was classified to 6
categories: A) All or most of the eggs look like @amphipod with visible pereopods and tail,
some Yyolk is still covering juveniles; B) outer mamane is lacking, yolk has the shape of an
amphipod and some of the eggs have a visible tappeveopods; C) outer membrane is
lacking, yolk has the shape of an amphipod, bup&®@opods or tail is visible; D) eggs are
round, but outer membrane is broken; E) eggs@ied, but outer membrane is distinct; F)
eggs are round and shiny, outer membrane is abotbetyolk.

2.4. Data handling

Microsoft Excel 2003 was used as a tool to inpud amrange the data. R-statistics
environment (Venables et al. 2002) was used to |lkaalll statistics in the thesis. Image
manipulation was done with the GNU Image ManipolatProgram, GIMP 2.2 (Kimball et al.
2007), and the image analysis program ImageJ 1(R8gband 2007). The thesis was written
with Microsoft Word 2003. Salinity, temperature andbidity plots were created with MatLab
7.0 contour -function by Malin Daase.

Ls and Lt were measured following Arndt and Beu@@d5 (Figure 9), from the high
resolution photographs d@nisimus caricusTo standardize the curvature of the body, the
amphipod was pushed to the maximum curvature bdfeireg photographed, the allometric
relationship between Ls and Lt was plotted (Figh@g and a linear least square regression
analysis was run with R-statistics (Venables e2@02). The resulting linear regression model
(ANOVA: F=3226, df=127, p<0.0001 ) was:

Lt = 17.3348 * Ls — 0.5443 (Equation 1)
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The coefficient of determination for the regresswas 96.2 % and residuals followed
the normal distribution. A single Lt value could peedicted within £1.29 mm with the
regression in 95 % certainty. Much of the uncetiastems from measurement error. Since
the precision of the Ls measurement was 0.06 mmalsttheoretically possible to estimate at
the accuracy of 1 mm (x 0.5 mm) (i.e. 17.3348 *60-00.5443). Precision of Lt measurement
was not estimated.

The modeled length for the largest mature femade glightly greater (4 mm or 18 %)
than for the largest total length reported in titerdture (Wstawski & Legeynska 2002,
Vader et al. 2004), but the sample size in thidystuas much larger than in the other studies.
The difference may be caused by a difference insonm@ggy technique, since the curvature of
the body is known to affect the total length measent.
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Total length (mm)
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Lenght of first pereonal segment (mm)

Figure 10. The relationship between length of fisteonal segment (Ls) and total lengtiOoisimus
caricus Black dots represent observations from measurerbemlue triangles observations from
measurement 2, solid black line is the regressioa (Lt=17.3348*Ls-0.5443, £0.96, ANOVA:
F=3226, d.f. 127, p<0.0001), and red lines are %o#idence limits of the prediction.

Measurements from October 2006 and April 2007 sasghve different slopes and
intercepts for the regression, and the residualseomeasurements compared to the regression
model presented in Figure 10 differed significarfigm each other (1-ANOVA: F=18.8,
df=155, p<0.001). Since it was not known which nueesient was more reliable, the
measurements were combined and the difference ssasred to be caused by problems in
standardizing the curvature of the body when takpmgptographs. Lengths dDnisimus
caricus are given in form [Ls]/[Lt] mm in the later texiyhere [Ls] gives length of first
pereonal segment and [Lt] total length of an anicaddulated with the Equation 1.
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Measured individuals were grouped into size classeks-values with intervals of 0.1
mm and plotted as histograms to visualize lengtqtiency distribution of each sampling
occasion (month). Kernel density estimate (densftynction in R statistics) was used as a
reference for trustworthy length-frequency disttibn of observations, in deriving gender-
specific size cohorts and in interpretation of lifeecycle. Histograms were visually compared
to kernel density estimate calculated for the sdata of observations.

Histograms were used when deriving mean values staddard deviations of the
gender-specific size cohorts with the help of thetane distribution analysis (MacDonald &
Pitcher 1979, Macdonald & Green 1988) using thexthst” —package (MacDonald & Du
2004) as part of R-statistics environment. Mixtuistribution analysis was originally
developed for computationally visualizing age-greup fisheries and to reduce laboratory
time in the aging large samples of fish (Macdon&l®itcher 1979), but it has been used in
amphipod studies to separate means and standaidtidey from visible size cohorts
(Beuchel & Lgnne 2002, Arndt & Beuchel 2005).

Analyzing mixture distributions is a relatively cptitated process. However, analyses
were made after an excellent step-by-step guidéhiprogram provided by Du (2002). The
program was run in an interactive mode by stepwys#mization of the relative abundance
(proportionsmt), means (Lsp) and standard deviations (L. of cohorts.

In order to help the program to estimate the patams, the program was run with 10
expectation-maximization (EM) -steps (explainedietail in Dempster et al. 1977) and with
either of two different constraints for standardidaon. The best fitting set of constraints was
chosen visually by comparing the model to kernelsity estimate. Generally, variances were
run with a constraint assuming variances to be lg@EQ), but in some cases, when a sharp
peak of small individuals occurred in the data, ¢ége@al coefficient of variation (CCV) was
used for each cohort. In most cases the bestdfittistributions were normal, but in the cases
of sharp peak of juveniles, log-normal distributias chosen. Because using baited traps is
not a quantitative method, the abundance of colatsignored.

In addition to graphical output, the program gavedness-of-fit ) and significance
value (p) for each analyze. The value is calculatéd Chi-square test and it indicates how
well the mixture distribution model fits the histagh of observations overall (Macdonald &
Green 1988).However, the Chi-square values given by the progreme generally very high,
indicating poor fit of the models, even though waky scrutinized models fitted the kernel
distribution almost perfectly. This was thoughtlie due to few reasons. In some cases
histograms did not fit to the kernel distributioary well. It was difficult to determine interval
for the data, which would have created smooth nthynahstributed histograms. When the
interval was lowered, there were many groups wahkslthan five observations each.
Sometimes, even though longer interval was usedya$ impossible to model mixed
distributions without some groups fewer than 5 olmtons in between of the cohorts. It was
concluded that higher subsample size should haes lohosen in order to obtain better
goodness-of-fit.

Since estimating life history parameters is alway@e or less surmising, the aim was
not to proof the assumptions of the life historgtistically. Thus visual fit to the kernel
density estimates of the models were used ratlaer $ingle p-values. However, even though
models did have poor goodness-of-fit values toolgistms, visual examination proved that
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models fitted quite well to the kernel density esties (Appendixes 1-3). After all, mixture
distribution analysis was used only to estimate mealues of cohorts to obtain data for
growth curve estimation. More trustworthy kernehsiéy estimate was used in interpretation
of cohorts and the life cycle.

In order to estimate amount of observations irolaod, theoretical upper limits were
given for cohorts by visual estimation from sizeeguency. Limits for cohorts were calculated
from cumulative distribution functions in a way tf#® % of the area of the model was inside
the limits. Theoretical limits for the cohorts werged to obtain the amount of observations in
each size cohort. Monte Carlo simulation, with esponding n for each cohort, was used to
produce the theoretical lengths for cohorts. Theho gave slightly (0.03/0.11-0.08/0.95
mm) different mean values for the cohorts than riean values calculated straight from
observed lengths of the cohorts, but allowed opeofathe cohorts and thus made it possible
to compare length differences between cohorts Widich two sample t-tests and ANOVAs
In addition to kernel densities and mixture digitibn analysis, additional information from
the length of brood plates of immature females lrasight for help to estimate the growth of
females.

For comparison of reproductive parameter©aisimus caricusvith literature, the sex
ratio was calculated for all males and females ésial females), including immature
specimens. Reproductive cost (RR%) was calculafest ®ildish 1982 as percentage of
brood volume to female volume. The volume of eagly-leearing female was estimated with
equation:

Viemale = md * Lt (Equation 2)

Where d is the height of the fourth pereon segraedtLt total length. The volume of
each egg was estimated with equation:

Vegy = 4/3nr° (Equation 3)
Where r is mean of the shortest and longest radfittse egg.

Finally, the growth ofOnisimus caricusvas modeled from mean lengths of cohorts
derived with the mixture distribution analysis. #admial growth function was used:

Lt=a*t*+ b*t?+ c*t + d (Equation 4)

Where Lt is total length of an animal at age ofitlf 1/12 interval) and a, b, ¢ and d are
constants used to fit the model.

Furthermore, the Gompertz growth function (GGF¥\rded, because it has been used
in growth modeling in earlier studies (Beuchel &nne 2002, Arndt & Beuchel 2005) and
allowed comparison between parameters of the mdtiel equation of the GGF is:

Lt = Ltjm*e™ ) (Equation 5)

where Lt is the total length of the animal at agedrs, Lt, asymptotic final length of
Onisimus caricusk the growth constant, age of the growth inflexion and t age in years.



22

3. RESULTS

3.1. Catch

In total 17005 specimens @fnisimus caricusvere caught during the study period with
baited traps. The monthly catch (Table 4) with engeral variation of environmental
variables, including light intensity, turbidity, ldnophyll concentration and suspension of
organic matter, are presented in Figure 11. A dowelt of traps was used in October and
November to assure a working trap on each localibywg a transect. Because of the large
number of amphipods in the catch, single traps athelocality were used thereafter.
Therefore, the catches of October and November vdéreled in two to make them
comparable with other months. The light intensiéyadwere considered to correlate with the
light conditions in Adventfjorden, even though ttiata were obtained from one degree of
latitude to the north off the study area.

Environmental conditions affected the samplingDetember strong wave action after a
storm caused a failure of three traps. Numbemngflapods caught in April would have been
low, like in May unless one trap would not have teomed almost all of the amphipods
sampled (960). Drifting sea ice moved one tranefdhe target and might have affected the
catch. In August, harsh ocean conditions causedbties transects to get filled with mud and
the catch of the transect was consequently relgtsrmmall. Moreover, in September only two
transects which were deployed to regular sampbuglities collecte®. caricus

The total catch ofD. caricuswas high during the polar night and started to idecl
before light came back in February (Figure 11). frheimum catch occurred in May with 77
specimens and in June the catcl©ofcaricusclimbed up to 2469 specimens. The catch of the
species declined to 496 specimens in August.

Surface water turbidity started to peak up in Malgen the maximum turbidity was nine
FTU (Figure 11, Figure 12). The depth of the layéh turbidity more than two FTU was
approximately one meter. In June maximum turbidiys higher, 23 FTU and layer with
turbidity more than two FTU reached to the depti®fmeters. Turbidity decreased to July’s
measurement, when the maximum turbidity of theasigflayer was 9 FTU and depth of the
layer with turbidity more than two FTU reached otdyfive meters, even though turbidity was
again higher in the water column at greater dejpttAugust turbidity was highest during the
measurement series. Maximum turbidity peaked up3® FTU and lowest turbidity, 5 FTU,
of the whole water column was measured close tbott®m.

The chlorophyll concentration of the material colézl by the sediment traps at five
meters depth was consistently below 1 thgelkcept for April with a concentration of 21.0 mg
It (Zajaczkowski, unpubl.) (Figure 11). A similar trend walsserved in the concentration of
sedimenting organic suspension (>20um) d&agowski, unpubl.). The concentration of
suspension varied between 0.08 and 0.17 hafyiting the winter, but peaked up in April with
almost 30 fold increase (3.7 mg)lcompared to the preceding month. The concentraifo
suspension was relatively high, 1.26 rigalso in May but settled down to the winter leivel
June and August. According to these results, thal dloom occurred somewhere between
late March and late April in Adventfjorden.
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Figure 11. Number 00. caricuscaught monthly (bars) together with seasonal tiariaof relative
light intensity in air in Ny-Alesund, Svalbard (Bger et al. unpubl.) (red solid line), turbidity (bka
dashed line), Chl concentration (green triangles)l suspension of organic matter (>20um) in
Adventfjorden (Zajczkowski unpubl) (blue squares). Roman numbergatdisampling months from
September 2006 to August 2007.

Turbidity

Figure 12. Temporal bathymetric variation of turtyicat the CTD station (marked as CTD in Figure
8). Letters on x-axis are months from 8.11.20065®.2007

3.2. Size and gender structure dD. caricus in the samples

3.2.1. Cohort classification

The catch varied between months, but certain celvegte present throughout the study
(Figure 13). Variation in size frequency distrilautiwas derived to size cohorts with the help
of mixture distribution models, which were visuafiited to kernel distributions (Appendixes
1-3). It is important to notice that sample sireferred in this chapter are from randomized
subsamples. Total sample sizes are listed in Table

Length-frequency distribution of juveniles tendedbe positively skewed (Figure 13,
Appendix 1). Only in March, June and August therthation was bimodal. In other samples
the tail of the distribution had approximately tteme mean value than second peaks in the
bimodal distributions. The first peak of the juMernength-frequency distribution was referred
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as the first cohort of juveniles (J1). The seconHott of juveniles (J2) was modeled to the
second peak or tail of the juvenile distribution.

J1 had mean length of 0.50(Ls)/8(Lt) mm with a d&ad deviation of 0.07/0.7 mm
(Appendix 1, Table 2). The smallest observatiothefcohort was smallest juvenile measured
during the study with length of 0.29/5 mm. Nineipe percent of values in the modeled
cohort were between 0.32/5 and 0.68/13 mm. The¢hieal upper limit of the cohort was set
at 0.65/11 mm. The second cohort of juveniles () a mean value of 0.76/13 mm and a
standard deviation of 0.10/1.2 mm. The theoretsa of the cohort varied between 0.65/11
and 1.00/17 mm and 99 % of values in the modelédrtavere between 0.50/8 and 1.02/17
mm. All amphipods which were identified as juvesjl@nd were bigger than the upper limit
of J2, were placed in the third cohort of juveni(d8). Mean value of J3 was 1.1/19 mm and
standard deviation was 0.1/1.2 mm. Ninety-nine @&rof the values in the modeled cohort
varied between 0.84/14 and 1.36/22 mm. J3 waseaparated from monthly samples, but was
used only in Figure 14 to help the interpretatibthe life cycle (see chapter 4.4)

Females were classified into three cohorts: twoodshof immature females and one
cohort of mature females overlapping with the sdcawohort of immature specimens
(Appendix 2, Table 2). The distribution of immatuiemales was negatively skewed. The
same principle, than with juveniles, was used westimating immature female cohorts. This
time the first cohort of immature females (F1) vimsned of the tail of the distribution. F1
had lower length limit of 0.88/15 mm, a mean of511D mm and an upper limit of 1.30/22
mm. The upper length limit was derived from theesizhere the growth rate of females was
observed to flatten down (Figure 14). The secorttbdoof females (F2) had a lower length
limit of 1.31/22 mm and a mean of 1.42/24 mm. Thpar limit was the length of the largest
immature female (1.68/29 mm) found during the stusiyandard deviation for both cohorts
was 0.10/1.2 mm. Last cohort of females consistethature specimens (Fm). Lower and
upper limits were the lengths of smallest (1.29M&) and largest (1.77/30 mm) mature
females captured. The mean length of the cohortiwE®&26 mm.

Males had mostly two, but in some cases one, sit®rts (Appendix 3, Table 2).
However, the classification of males was based Iyan the length of the second antennae.
Generally immature males had unimodal length-fragyedistribution, but from April’s and
June’s sample bimodal distribution was estimatdte Tower length limit of the immature
males (Mim) was the smallest male (0.76/13 mm) tifled in the study. They had a mean
length of 1.20/20 mm and theoretical upper limitlo63/26 mm. Mature males had always
unimodal distribution. The theoretical lower lengjthit of the mature males was 0.82/14 mm
and mean 1.37/23 mm. The upper length limit ofdbleort was the length of the largest male
(1.71/29 mm) caught in the study.

3.2.2. Changes in the cohort characteristics duhieg/ear

3.2.2.1. First cohort of juveniles (J1)

The first cohort of juveniles (J1) was presenthe size-frequency data every month.
The mean values and standard deviations of thertoharied slightly between months (Table
2, Appendix 1). Sharp peaks: (0.05/0.3-0.07/0.7 mm) with small mean values~Q.:45/ 7
mm) occurred in February, May, June and Augusghfly greater values (i1: ~0.53/8.6 mm)
with the same standard deviation: (~0.07/0.7 mm) were calculated from October’s,
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November’s and December’s samples. Large size{65+11 mm) with wide distributiors(
~0.15/2.1 mm) was modeled in September and Aphkmit was not possible to separate J2
from the distribution. In March the distributionagvely similar to April, but two peaks were
assumed.

Despite a small sample size, there was a distegieak of small juveniles from 0.35/6
to 0.50/8 mm in the sample of May (Figure 13). Biéince between the smallest juveniles
recorded among months was only one measuring @B (mnm) varying from 0.29/5 to 0.35/6
mm.

In total 4112 juveniles were identified during th@urse of the study. It was possible to
estimate the number of juveniles belonging to eaatiort using theoretical limits. In total, J1
consisted of approximately 2550 individuals, wHi30 and 230 individuals were classified
to J2 and J3, respectively. The relative frequenicyl was approximately from one to six
times as high as that of J2, depending on the m@pgpendix 1, Figure 13). Even so, J2 had
higher standard deviations and thus J1 was geperaé to three times more abundant than
J2. An exception was March, when J2 was slightlyaraundant than J1.

3.2.2.2. Second cohort of juveniles (J2)

A clear second cohort of juveniles (J2) was foundJune and August. Generally
hypothetical cohort was difficult to separate frdn It rather seemed that J2 was a tail for J1.
Furthermore, in May, there were some bigger juesnibut the amount of the observations
was not high enough to do reliable estimates ofriean value of the potential second cohort.

In October, November, December and February thenrteragth and standard deviation
of the individuals in the cohort were close to 08Mmm and 0.14/1.9 mm, respectively. In
March, the individuals of the cohort were smallgith a mean length of 0.76/13 mm. June
and August were again similar to each other andshigttly higher mean values (u: 0.80/13
and 0.79/13 mm) than March, but lower than durihg autumn and winter. Standard
deviations of J2 were almost twice as high as tlidsH and stayed quite stabte (0.11/1.4-
0.13/1.7 mm) during the spring and summer.

3.2.2.3. Third cohort of juveniles (J3)

Individuals classified to J3 were thought to repregstransition to males and females.
The size of cohort overlapped with first immatuodharts and some of the observations in the
cohort were thought to be due to identificatioroeriThe fact that most of the big juveniles
were identified from the samples (September, Octdbevember, December and May) which
were examined in the early period of the studyynother students supports this assumption.
However, it is relatively safe to suppose that akes with identification were minimal, when
experience increased towards the end period ddttiey period (February, March, April, June
and August).
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Figure 13. Length-frequency histogram and gendeicttre of theO. caricuscatch. The lengths of

first pereonal segment (mm) are grouped on theixaaith an interval of 0.1 m. The value shown on

the axis is the lower limit of the group. Histogmshow distribution of the whole sample. Lines show
kernel distributions of genders. Orange colourrefe juveniles, green to immature males, dark blue
to mature males, pink to immature females andaedature females.
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Table 2. Characteristic values of the cohorts. @olsi from the left: sampling month, subsample size,
gender and meanu), standard error of mean (s.e.) and standard ti@vigsc) of each cohort,
distribution and constraint for standard deviatumed in the modelling (simple mean = no MIX used),
goodness-of-fityf), significance level and degrees of freedom fer tiodel, and finally on the right
end, minimum and maximum length @. caricus belonging to the particular group. Uncertain
estimates are indicated by a star (*). Cohorts ¢dofo) are numbered with a running number starting
from the lowest Ls value towards the highest. a&hdths are reported in millimetre length of first
pereonal segment.

cohort no 1. 2.

Month n gender 1] 5.e. o 1] 5.8. o method x* p df. min max
X 154 juveniles 064 001 0.4 118 005 014 norm, SEQ 296 0.0000 & 0.35 1.29*
16 Mim 1.08 002 010 norm, SEQ 22 03391 2 0.88 1.24*
T Mm 136 001 0N norm, SEQ  11.8 0.0028 2 1.18* 1.59
28 Fim 1.06 007 009 144 002 009 norm, SEQ 2.7 04955 & 1.00¢ 1.53
11 Fm 148 002 0.06 simple mean 135 153
X 838 juveniles 056 0.01 0.08 089 002 014 norm, CCV  219.7 0.0000 & 0.35 135"
53 Mim 123 002 015 norm, SEQ 3.1 0.6897 5 0.82 153"
46 Mm 137 002 015 norm, SEQ 112 0.0241 4 112 171
65 Fim 112 003 008 140 002 008 norm, SEQ 8.3 00039 5 1.00¢ 1.59
1B Fm 154 001 0.06 simple mean 141 165
X1 909 juveniles 055 0.01 0.0 090 0.01 016 norm, CCV 191.0 0.0000 8 029 1471+
8 Mim 111 002 016 norm, SEQ 57 02229 4 0.88 147"
™ Mm 141 001 013 norm, SEQ 474 00000 & 0.82° 1.65
102 Fim 111 006 010 142 002 010 norm, SEQ 12,9 00120 4 0.88" 1.65
56 Fm 1565 001 008 simple mean 135 11
X 767  juveniles 051 0.00 0.08 084 001 013 norm, CCV  57.7 0.0000 7 0.29 1.35*
63 Mim 1.04 002 015 norm, SEQ 69 01419 4 0.76 1.35*
93 Mm 133 001 012 norm, SEQ 116 0.0209 4 1.06" 1.65
23 Fim 136 002 012 norm, SEQ 2.1 01519 1 1.24* 143
7 Fm 150 003 007 simple mean 141 159
I} 173 juveniles 044 001 007 0.87 002 014 norm, CCV 143 0.0459 7 0.29 1.29*
153 Mim 130 001 013 norm, SEQ  26.0 0.0000 4 0.88 147"
220 Mm 135 001 012 norm, SEQ 431 0.0000 & 0.94% 171
21 Fim 119 004 007 148 002 007 norm, SEQ 0.7 04138 &5 1.00¢ 159
M1 Fm 150 004 012 simple mean 135 107
11l 191 juveniles 049 002 0.09 076 0.02 013 Inorm, CCV  26.2 0.0000 4 0.35 1.18°
33 Mim 0.99 002 0.06 126 0.01 0.06 Inorm, SEQ 5.8 01233 3 0.88 1471°
193 Mm 137 001 009 norm, SEQ 141 0.0009 2 1.24* 165
40 Fim 142 002 0N norm, SEQ 04 08028 2 1.18* 1.59
8 Fm 159 002 007 simple mean 153 11
v 217 juveniles 0.65 001 015 norm, SEQ 183 0.0191 8 035 1127
23 Mim 0.93 003 0.06 126 002 006 norm, SEQ 57 01245 3 0.88 1471°
6 Mm 145 006 015 Inorm, SEQ 0.2 08835 2 1.29* 1.65
18 Fim 1.04 007 008 137 0.03 008 norm, SEQ 0.2 06374 1 0.94% 144

0 Fm
Vi 62  juveniles 042 001 007 1.02 006 018 norm, CCV 214 00109 9 0.35 153
7 Mim 125 005 014 simple mean 106 147
2 Mm 147 006 0.08 simple mean 1.41* 1.53
2 Fim 144 003 003 simple mean 141 147

0 Fm
Wi 553  juveniles 045 001 007 079 0.1 013 norm, CCV 29.7 0.0001 7 029 118
144 Mim 0.7 002 0.09 125 001 009 norm, SEQ 159 0.0032 4 0.88 147"
29 Mm 140 002 012 norm, SEQ 85 00141 2 112* 153
111 Fim 123 001 015 norm, SEQ 135 0.0090 4 0.94% 153
41 Fm 160 002 0N simple mean 129 1.7
i 249 juveniles 045 001 0407 078 0.1 01 norm, CCV 332 0.0000 5 0.35 113
97 Mim 123 001 012 norm, SEQ 7.1 0.0701 3 0.94 1.50*
31 Mm 136 001 0N simple mean 1.25% 150
105 Fim 118 002 009 146 001 009 norm, SEQ 95 00086 2 1.00" 1.69
10 Fm 157 002 006 simple mean 150 163
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3.2.2.4. First cohort of immature females (F1)

A quite clear peak for the first cohort of immatufemales was separated from the
length-frequency distribution of immature femaledyoin September, October and August
(Appendix 2). The cohort was not visible in Decemlidéarch and June. Furthermore, the F1
was weak in November and April and seemed to bee ik a tail for F2 distribution. Again,
in May the small number of observations preventguhgating the cohorts in the distribution.
The mean value of the cohort was quite stable (1/19-1.18/20 mm) in November,
February and August with standard deviations vgrfiom 0.07/0.7 mm to 0.09/1.0 mm.

The smallest immature female was recorded in Noeemith a length of 0.88/15 mm.
Small individuals (0.94/16-1.00/17 mm) were recaordas well in September, October,
February, June and August. In December, March aag file size of the smallest immature
female was slightly bigger (1.18/20-1.41/24 mmthize other months. In total 521 immature
females were caught. F2 was two to four times rabtendant than F1.

3.2.2.5. Second cohort of immature females (F2)

The second cohort of immature females was recoededy month during the study
(Appendix 2). Higher mean lengths (u: 1.42/24-1286/mm) were observed in September,
November, February, March and August, while lendthsn October, December and April
were lower (u: 1.35/23-1.38/23 mm). Standard demiabf the cohort was quite stable,
varying between 0.07/0.7 and 0.10/1.2 mm.

The largest immature female was recorded from Augasple and had length of
1.69/29 mm. The second largest immature femaledrsample was recorded from November,
with a length of 1.65/28 mm. The value was lowerirtly the winter and higher during the
summer and autumn.

3.2.2.6. Mature females (Fm)

Mature females were captured throughout the ye@ep in April and May (Appendix
2). In total 162 mature females were caught. Theafes were most numerous in November’s
(56) and June’s (41) samples. The mean size oft ddolales was highest in March (u:
1.59/27 mm) and lowest in September (u: 1.48/25 niing largest females were captured in
February (u: 1.77/ 30), followed by March and Jwith the length of 1.71/29 mm. Standard
deviations of the cohort varied between 0.05/0B@a41/1.4 mm.

3.2.2.7. Immature males (Mim)

In total 667 immature males were identified. Moéttltem were caught in February
(153), followed by June (144) and August (97). bp@mber the number of immature males
caught was only 16, which is few compared to thewm of mature males (77).

Immature males were present each month in the sanf{plppendix 3). Generally the
size-frequency distribution was unimodal. Exceptiorere March, April and June, when two
cohorts seemed to occur in the distribution, eveugh sample size was low in March (33)
and April (23). The first cohorts in the bimodakulibutions (u: 0.93/16-0.99/17 mm) had
slightly lower mean length than the unimodal disitions September and December, which
had lower mean value (i: 0.93/16-0.99/17 mm) coegpé&w the other unimodal distributions.
The second cohorts of the bimodal distributionsemeomparable in mean length with the
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unimodal distributions, with a higher mean value, @ctober, February and August (u:
1.22/21-1.30/22 mm). November had a mean valuedmtiow and higher values (u: 1.13/19
mm). Low number of observation (7) prevented cobgemination in May.

Standard deviations of the unimodal distributiorey@vcomparable to those of J2, with
values close to 0.14/1.9 mm. In February and Augjustcohorts were slightly sharper: (
0.11/1.4-0.12/1.5 mm). Furthermore, in Septemberctthort was relatively sharp:(0.09/1.0
mm), but number of observations was low (16). Ie ttase of bimodal distributions, the
standard deviations of the peaks were 1ew0(06/0.5-0.09/1.0 mm).

The smallest immature males captured were from mbee and had lengths of 0.76/13
mm. In October the smallest immature males werg/08mm and in September, November,
February, March, April and June, 0.88/15 mm. In Astghe length of the smallest immature
males was slightly higher (0.94/16 mm), even thouhgé number of observations was
relatively large (97).

3.2.2.8. Mature males (Mm)

Mature males were present in the samples everyhr{@mupendix 3). In October, April,
June and August the distribution was fiat, standard deviation of the cohorts was markedly
large. However, the sample size was quite low inlAp) and August (31), but relatively high
in October (46) and June (144). During most of shedy the mean lengths of unimodal
distributions were stable (u: 1.34/23-1.37/23 mm{l standard deviations varied between
0.08/0.8 mm and 0.13/1.7 mm. In February immaturé mature male cohorts were almost
identical with mean length of ~1.3/22 mm

Males classified as “mature” were generally moraralant, with 776 specimens, than
immature males or females. The largest number désnaith long second antennae were
captured in February (220), followed by March (188d December (93). In May only two
mature males were identified. The smaller one hdength of 1.29/22 and the bigger one
1.65/28. The biggest mature males were capturdeebruary and October, and they had a
length of 1.71/29 mm. Slightly smaller mature malds65/28 mm) were captured in
November, December, March and April. During sumraed early autumn, the size of the
biggest mature males was smaller.

3.2.3. Length differences among cohorts

Length differences were tested based on the MorgdoGsimulated values from
modeled cohorts. The first (J1) and the second ¢dBprt of juveniles were significantly
different in length (Table 3). The difference betwmemean values was 0.32/5 mm.
Furthermore, J2 differed significantly from therthcohort of juveniles (J3) with 0.41/7 mm
in mean. The third cohort of juveniles did not difsignificantly from immature females with
“tiny” nor did it differ from first cohort of femas. The smallest specimen from J3 was bigger
than the smallest immature female with “tiny” oggtes, which had a length of
0.94(Ls)/16(Lt) mm. Mean length difference betwd@rand Ftny was 0.35/6 mm.

There was a significant difference in length betwte first cohort of females (F1) and
second cohort of females (F2). The difference immiength was 0.31/5 mm. Adult females
had two measuring units (0.14/2 mm) higher meamgtlerthan F2. However, due to high
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sample, size the cohorts differed significantlynfreach other. F2 did not differ significantly
from immature females with intermediate sized ogigts.

Immature females classified to different oostegitvelopment stages showed high
variation in size within a group, but if put in @by mean size, the length followed the length
classification of oostegites (Figure 14). Differeadn mean length were not significant after
“intermediate” sized oostegites were reached. Thallsest and largest female with “small”
brood plates (0.94/16 and 1.31/22 mm) had the smeeas the smallest and largest female
with “tiny” oostegites. However the difference inean length between these two groups
(0.13/2 mm) was significant. The largest specintemfboth groups was slightly bigger than
the smallest adult female (1.29/22 mm) found dutting study. Furthermore, the smallest
female with “intermediate” oostegites (1.25/21 nwas only one measuring unit smaller than
the smallest adult female. The biggest female fthen“intermediate” group had a length of
1.56/27 mm. The four females with “long” oostegit@sied between 1.37/23 mm and 1.56/27
mm in length. Largest specimen found during thelytwas an adult female with a length of
1.76/30 mm.

The immature females with “small” oostegites dié@r from specimens with
“intermediate” sized brood plates with 0.21/3 mm @e other hand, the females with
“intermediate” oostegites did not differ from thenfales with “long” oostegites nor did the
“long” oostegited specimens from the adults. Thiaswcaused by a low number of
observations in the group “FIng”. However, the meagth difference was only slightly more
than one measuring unit (0.08/1 mm). Immature femalith intermediate sized oostegites
differed from adults significantly by 0.14/2 mm. #d females were the biggest group in
mean length.

Males had a high size variation within the groupsmature males differed significantly
from all groups of juveniles in length (1-ANOVA améired t-tests); even though the mean
length difference from J3 was only 0.09/1 mm. Matumales differed 0.19/3 mm from
immature males in mean length. If the first coladrimmature males was excluded from Mm,
the difference was only slightly higher (0.23/3 midpwever, in this case, the outliers seen in
Figure 14 figure were absent.

Table 3. Test statistics among cohorts.

Test between difference (Ls) difference (Lt}  test t/F df p
J J2 0.25 4 t-test 832 21279 0.000
J2 J3 0.38 6 t-test 529 3215 0.000
J2 Ftny 0.37 6 t-test 27 391 0.000
J3 Ftny t-test 0.1 499 0.890
J3 F1 t-test 11 435.0 0.265
F1 F2 0.28 5 t-test 328 4291 0.000
F1 Ftny t-test 0.7 50.5 0.464
F2 Ftny -0.30 -5 t-test 17.2 453 0.000
F2 Fint t-test 1.0 136.5 0.299
F2 Fm 0.14 2 t-test 12.0 3361 0.000
Ftny Fsml 013 2 t-test 42 4956 0.000
Faml Fint 0.21 3 t-test 8.9 34 0.000
Fint Fing t-test 12 3.3 0.290
Fint Fm 0.14 2 t-test 10.0 168.5 0.000
Fing Fm t-test 15 31 0220
J1,J2.03 Mim 1-AMOVA  11161.2 3, 4775 0.000
Mim Mm 0.19 3 t-test 236 1169.6 0.000
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Figure 14. Median, quartile, 95 % of observationd autliers of total length foDnisimus caricus
Values for juvenile (orange colour) and immaturedée cohorts, F1 and F2, are drawn with Monte
Carlo simulation from the models derived with mpgudistribution analysis. Females with letter
abbreviations are related to the development ofegdses. Males were grouped after the length of
second antennae. Number of observations for diffegyeoups were: J1 = 2554 (1st juvenile cohort),
J2 = 1331 (2nd juvenile cohort), J3 = 236 (3reepuile cohort), Ftny = 38 (with “tiny” oostegites),
Fsml = 22 (with “small” oostegites), Fint = 77 (itintermediate” oostegites), Fing = 4 (with “long”
oostegites), Fm = 162 (mature female), F1=2C4iifimature female cohort), F2=314"{Zmmature
female cohort), Mim = 667 (“immature” males) and Mn776 (“mature” males).

3.4. Reproduction

Average sex ratio (all males : all females) was(Z4dble 4). The sex ratio was higher
during time interval from December to March thudioating an increased proportion of males
in the catch for this period. The ratio was higkoaih May, but that was probably due to the
small sample size. Furthermore, in September s&x was slightly higher (2.4) than during
rest of the year. Exclusion of the period with edisex ratio from December to March would
decrease the ratio to 1.2.
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Table 4. Sample size, sex ratio (males/females)rapbduction parameters of the stud@disimus
caricus population for each month separately and for ahths together. Lengths are given both in
total length (Lt) and first pereonal segment lengtt).

sample female egg mean lenght max-min mean min-max  mean Egg
Month total catch sex ratio . bearing of egg lenght of egg number of number of diameter devel.
size maturity . .
females bearing F bearing F eggs /fem egg/fem ofeggs stage
n n M:F % n mm + sd mm + sd n+sd n mm
IX 325 284 24 28
X 313 1020 12 29
Xl 6139 1224 11 36
Xn 1721 953 52 23
] Lt 1035 554 9.8 29 3 262+13 25-28 T0+£00 (37 175011 F
Ls 156 +0.07 1.50-1.63
1 Lt 638 466 46 16 3 268+06 25-27 8.5+40 (312 165+ 0.09 F
Ls 1.52 £ 0.04 1.50-1.56
v 974 265 16 0
v I 73 45 0
Vi 2469 878 14 24 27 25119 22-29 19527 (101417 167 £011 D-A
148 +0.11 1.291.71
Vi 496 494 11 9
All Lt 17005 6241 21 16 33 26217 22-29 1M4+44 (3517 168011 F-A

Ls 1434010 123117

Average female maturity percent was 16. The valas higher during the autumn and
early spring and decreased by late winter. No nediemales were found from the samples in
April and May. 24 % of females were mature in Jand only 9 % in August.

Most of the egg bearing females were found fromsimaples taken in June, whereas a
few specimens were caught in February and MarclarMength of the egg bearing females
was 1.49(Ls)/25(Lt) mm and standard deviation @I0/mm. The smallest gravid female
captured had a length of 1.29/22 mm and the lag®estl.71/29 mm.

Mean number of eggs per female was 11 with a stdrdiviation of 4. All females with
only 3 eggs (n = x) were supposed to have lost dggag the sampling and preservation and
they were left out from the average calculatione Bmallest and the largest number of eggs
thus found from a female was 5 and 17, respectively

Mean diameter of eggs was 1.68 mm with standardatiem of 0.11 mm. Eggs were
significantly bigger in February compared to Mainid June, but March and June did not
differ significantly (1-ANOVA: F=4.88 p=0.01 and keyHSD). The difference in the egg
diameter was ~0.09 mm, which was three times theuracy used in egg diameter
measurements. Sample size in February and Marclomigghree eggs each. All of the eggs
from February and March were classified to develepihstage F meaning that eggs were
undeveloped. In June some of the embryos had pedseand a tail visible, even though some
yolk was still covering them (stage A). Moreovar,the least developed eggs in June outer
membrane was distinct or broken (stage D).

There was no significant relationship between numifeeggs and size of females
(ANOVA: F=2.64 df=85 p=0.11) nor diameter of eggeddemale size (ANOVA: F=0.96
df=85 p=0.32). Reproductive cost values calculatede one order of magnitude too low
compared to Wildish (1982). Source of the error watsfound either from the measurements
or the data in the study. To correct the errorcudated values were multiplied by ten
assuming that mistake was either in the formul@miby Wildish (1982) or somewhere in the
study. However, the corrected value varied frora 5@ % depending on mean amount of eggs
females were estimated to have. Mean reproductiseforOnisimus caricusvas 9 %.
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4. DISCUSSION
4.1. Methodical constraints

4.1.1. The sampling method

When studying population dynamics and life cyclgsantitative methods should be
used (Gotelli 1998). Numerous factors affect thieldag efficiency of baited traps. Sainte-
Marie (1986b) noted that, for example, bait siza imajor factor in effectiveness of a baited
trap. Nevertheless, bait size is not the factor #tisacts amphipods to the traps, but smell of
the bait (Busdosh et al. 1982, Smith & Baldwin 198&nith & Baldwin 1984). Thus the
handling, the temperature, and the age of thedbaitll factors to consider, if baited traps are
wanted to be used even as a semi-quantitative mhéthoollect a particular species. The most
difficult factors, in order to standardize the ¢ang efficiency of a baited trap, are those one
can not see. Busdosh et al. (1982) stated that ipogidh swam slowly along the bottom
towards the trap. The way how the traps land tabtbteom, when dropped from a boat, does
affect to the catching efficiency as well as aféetite light conditions and the tidal-phase
(Sainte-Marie 1986b).

Baited traps do not collect all groups of a patticispecies of a scavenging amphipod
evenly. Smale et al (2007) reported high seasgnialifeeding behavior of a necrophagous
lysianassidCheirmedon femoratus shallow benthic habitats in Antarctica. At ledistee
groups of the population of lysianassid scavengimgphipods are suggested to be under- or
overrepresented in the traps depending on thedfrtiee year:

1) Egg-bearing females are rare visitors in battags (Hessler et al. 1978, Thurston
1979, Slattery & Oliver 1986, Moore 1994, Legiska et al. 2000 Sainte-Marie (1986b) and
Sainte-Marie et al. (1989) reported that averagal rsige decreases with sexual maturity of
Anonyx sarsandOnisimus litoralisfemales, which was caused by gut constrictiontdube
maturation of gonads and brood development (S&faee et al. 1990). The non-attraction of
mature or maturing females to the baited trapsadsawell been connected with behaviour to
avoid predation (Hessler et al. 1978; Sainte-Matial. 1990).

2) Newly released juveniles are either unable torsdistances needed to find the traps
or have different foraging strategy and diet tHamhigger juveniles. Newly released juveniles
may also avoid traps because of potential predatmsed by aggregation of large scavengers
in the traps. This study shows that baited trapgtedd to catclO. caricusin the length of
0.29/4.6 mm. Bregazzi (1972) reported 90 percentatity within the first year after release
in C. femoratusIn this study, sharp peak of small juveniles dat appear to the length-
frequency data suddenly. Instead relatively shaakpf approximately 0.5/8 mm juveniles
was present in the data throughout the year. Tightmeflect that O+ juveniles do not go to
the traps simultaneously right after release, hetcohort appears in the trap catch later during
the course of the year mixed with age group 1+.

3) Mature males are proposed to be more motilendumating season when trying to
find females (Conlan 2004). Thus it could be asshithat males would be more frequently
observed from the traps during the mating season.

Busdosh et al. (1982) estimated that the bait@grscavenging amphipods from at least
30 meters distance. Ingram and Hessler (1983) stejewithout direct evidence, that
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detection of odor might occur over as great digtaras 1 to 2 km in the deep-sea. In collision
with these estimates is Sainte-Marie’s (1986b)afiobservation that lysianassihonyx sarsi
detected 100g bait from distances of 5 to 8 metelnde odor plumes arising from 0.5 to 1 kg
of bait were detected from few tens of meters distaHowever, large lysianassid scavengers,
such ag). caricus,are highly motile and can cover distances of maloyneters during a day
(Sainte-Marie 1986a)

Baited traps alone are a weak method for studiessing on population dynamics,
reproductive life history traits and population digynof hyper-benthic amphipods. One way to
project changes in the catch of baited traps tauladjen dynamics would be to produce a
correction factor for the baited trap catch by cammy with a quantitative method. A
conceivable method would be tubes or frames, opeona and covered by fine mesh at
another end, used by scuba divers (Everson & WIII&9, Bregazzi 1972). Since diving was
not an option during the study period, a correcfamtor was not possible to estimate.

Even though biased, baited traps are easy andensi to use also in a cold and harsh
climate. A baited trap is not a quantitative samgplgear, but if used at same locality, it gives
an illustration of the fraction of the scavengepylation, which is actively trying to find
alimentation.The fact thatO. caricuswas clearly the most abundant scavenger in thécatc
during the whole study period practically closefl @impetition between scavenger species,
which has been suggested to affect to the catcimtéSslarie 1986a). Because breeding of
benthic lysianassid amphipods in the Polar regisnsstablished to be strongly seasonally
timed and synchronized (Dunbar 1957, Kuznetsov &t Welawski & Legeynska 2002,
Steele 1967, Steele 1972, Steele & Steele 197251972, Steele & Steele 1975a, Steele
& Steele 1975b, Clarke 1979), length frequency gedder structure data @. caricus
obtained from the catch of the traps was considéoele reliable enough to estimate life
cycle, life span, growth and reproductive paransetdrthe species after evaluating possible
changes in the feeding behavior during the year ¢hapter 4.2 below).

However it needs to be assumed that the traps reapghe population relatively
randomly, meaning that instead of forming falsekgea the length frequency distribution, the
bias of traps is rather observed as lower abundafceertain groups compared to the
population in the nature.

4.1.2. The timing

When estimating cohorts, life cycle and growthhie study, September must be seen as
a continuum for August, even though samples wekenta year earlier. There are inter-annual
changes in the timing of the processes in the @rstarine environments, but it must be
assumed that the processes happen in the samefrantleyear to year. Since environmental
conditions concerning mean temperatures, ice camdrcurrents were quite similar in 2006
and 2007 (Norwegian meteorological institute 200NIS environmental data 2007), it is
assumed that no major changes in the timing optheesses happened between these years.

4.1.3. Biases in classifying gender of the animals

Classifying males according to the length of secantennae is a subjective estimate
and depends on the situatiore(how long is the average length of antennae irek@nined
sample) and the person involved. Apparently lerdtfecond antennae is a sign of maturity in
Lysianassidae (Steele & Brunel 1968, Carey & Basglifi988, Lowry & Stoddart 1993, Vader
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et al. 2005), but knowing when the maturity is testis impossible without a physiological
examination. Bias caused by this applies especialysmaller specimens classified as
“mature”. However, the length of second antennaamseto positively correlate with the
length of first pereonal segment of males. Combingti the cohort analysis made in the
study, deduction of the presence of the mature snakes done by assuming that the largest
cohort of “mature” males had achieved maturityaality.

The same applies for the largest juveniles classifo the cohort J3, which plausibly
contains some immature females with small oostegibeit some of the juveniles achieve
female characteristics later than the others. Thissnoted, that J3 does not consist purely of
specimens with identification error. Lengths of #mallest females recorded monthly did not
differ between the start and late period of the\stiHowever, length of the smallest cohort of
immature females (F1) and the largest juveniles bwynixed during the early period of the
study, when measuring was made in hurry due tdatlge sample sizes, and thus may reflect
more the experience of the measurer rather thanbtbgical characteristics of the
population.

4.1.4. The statistics

Because of the large amount of relatively completadquite complicated statistical
analyzes were chosen to help in seeing pattertiseipopulation. The used analyzes contain
many pitfalls, which, if not considered, may undarenthe credibility of the whole study. On
the other hand, if used correctly, the statistesduwould firstly give an illustrative picture of
the population in the subject of the study and sdlyogive valuable experience, knowledge
and an alternative tool for the future researchf@history of scavenging amphipods.

As far as known, kernel density estimates and mextlistribution analysis was used for
the first time in a life history study, where thata were collected by baited traps. The
shortcomings of baited traps are discussed abosenathe chapter 4.2. Nevertheless, use of
the mixture distribution analysis needs quite daagerstanding of statistics and computer
modeling in order to be used safely. After allmight contain too many pitfalls and one
should be very careful before evaluating the resutiowever, the kernel density estimate is
very easy to carry out with help of R —statistiecsyibnment. If these two methods are
combined with reasoning, biological facts can bdudéed relatively safely from the length-
frequency data.

However, the mixture distribution analysis hasvehoto be a credible method to
separate cohorts from large number of observatimngive single values, which can be used
to describe relatively complicated size-frequencstributions and to use mean values and
standard deviations in the growth modeling assurttiagrecruiting to the population happens
relatively synchronized (Macdonald & Pitcher 19Macdonald & Green 1988, Beuchel
2000, Beuchel & Lgnne 2002, Du 2002, Arndt & Bed@go5).

4.2. Behavior ofO. caricus connected to the attraction to the bait

Smale et al. (2007) noticed a reduced amount @édigssid amphipods attracted to bait
during the summer in Antarctica. They explaineddhange with different habitat selection of
the studied specie€heirmedon femoratu$feffer). The species was assumed to move deeper
waters during the Antarctic summer. Similar trerath ©e seen in the catch Of caricusin
this study (Figure 11).
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It is unlikely that reduced catch reflects the atamce changes i@. caricuspopulation
widely. More realistic deduction is that the cathbaited traps rather reflects both local
changes in the abundance of a highly motile spdtiegezynska et al. 2001) and changes in
the behaviour of the species connected to reprmiyavoiding of predation and abundance
of food.

The total catch oOnisimus caricuseems to follow loosely light conditions in the et
(Figure 11). During polar night the catch was hihe catch reduced during time when light
came back and the water was clear. The number phigwods in the traps increased with the
turbidity of the surface layer, which in turn wassamed to correlate negatively with the light
intensity in the water column.

Birds, such as arctic terns, black guillemots arabevs, are principle predators of
shallow water amphipods on Svalbard ¢@fwski et al. 2000). A murky surface layer
prevents visibility from air under the surface asfters a cover against plunge diving birds,
such as terns (Schreiber & Burger 2001). A thifieae layer may offer protection from terns,
but pursuit diving sea birds, such as black guitte&sncan still dive below the layer (Schreiber
& Burger 2001). A thick layer of murky water andMdight conditions in the water column
could be thought to offer cover from the both typégpredators. In May water turbidity was
relatively low as was the catch (Figure 11, Figl2¢ Increase of turbidity in June could have
been one reason for the higher catch. Thus itggested that avoiding predation plays a role
in the behaviour oD. caricusand reflects to the lower number of amphipodfiettaps.

The mating period changes the behaviour in Amphapd&ainte-Marie 1986a,
Legezynska et al. 2000, Conlan 2004). Egg-bearing fematesreported to be rarely caught
from the traps (Leggmnska et al. 2000). In a review of mating behaviotirAmphipoda,
Conlan (2004) concluded that Lysianassoidea malesnan-mate-guarders, meaning that
instead of carrying their mates until they are ye&m moult and be fertilized, they rather
swarm pelagically or benthically at the time wheméles are ready to mate. The mating
period was estimated to last from December to Mauth females were carrying eggs from
February to late June-early August (see chapter €Banges in the behaviour caused by
reproduction season may partly explain the largentver of males in the samples in February-
March and the smaller number of females in the $asnip April-May. In June, it seemed that
females, even though egg-bearing were going toréps.

O. caricusis considered to be an opportunistic scavengerciwbinanges its diet during
the season (Leggnska 2001, Vader et al. 2005). The species is regdd take an advantage
of summer mortality of zooplankton caused by osmeliock (Zajczkowski & Legeynska
2001, Legeynska 2008). If the availability of dead zooplankisrassumed to correlate with
the depth of the brackish surface layer, zooplamktortality would have been highest during
August (Figure 5). A high abundance of dead zodgitancould lead to lower motility of the
scavenging amphipods and thus partly explain thallsmcatch in August and September.
During the winterO. caricusis probably more motile feeding on larger carrigbsgerynska
2000, Zagczkowski & Legeynska 2001, Leganska 2008). Motility could be reflected to the
larger catch during autumn and early winter montte genu©nisimusis known to be able
to utilize ice algae and sinking phytoplankton dgrthe algal bloom (Boudrias & Carey 1988,
Arndt et al. 2005, Vader et al. 2005). Gut contamalysis forO. caricus made by
Zajaczkowski & Legeynska (2001) showed that small fraction of the cieduly consisted of
algae. As an opportunistic feed@r caricuscould be able to utilize the algal bloom, at Idast
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some extent and abundance of the sinking algaedwaulturn, reflect to the lower catch
observed during April and May.

In conclusion it can be suggested that the catdbadéd traps reflects the behaviour of
scavenging amphipods. Many factors might affectleaviour, including reproduction, food
availability and avoidance of predation. There isead of investigate these factors to correct
the bias caused by the amphipod behaviour whenyismyidpopulation dynamics. If the
changes in the behaviour can be considered ancc@ni be assumed that the traps catch all
parts of the population to some extent, baitedstrapn be used to estimate life cycle,
reproduction and growth of local amphipod populsiaespite of the bias caused by the
sampling method.

4.3. Reproduction

Because of the sampling and determination biabesséx ratio was calculated from all
specimens with sexual characters, rather than latilcg the ratio only from mature
individuals, which is more common way to estimdie sex ratio. However, the ratio was
considered to reflect changes in the mature patti@population, which seemed to be true at
least when looking at the kernel densities of lbffgequency data (Figure 13). The mean sex
ratio of O. caricuswas 2.3 (Table 4), which is quite high if comparnedother Arctic
amphipods in Wstawski and Legamska (2002). The number of males compared to females
started to increase in December and peaked uphru&e. This probably indicated breeding
time, since males are known to find females byvabtti swimming (Conlan 2004). The
presence of the first egg carrying females in Fatyricomplies with the statement. If the
temporal high values were ignored, the sex ratie @lase to 1, which probably was closer to
the sex ratio in the real population. Reasons évemtially biased sex ratio are discussed in the
chapters 4.1 and 4.2.

The first egg bearing females were captured in ralyr(Table 4). All of the eggs from
the six egg-bearing females in February and Marehewindeveloped and probably newly
laid. In June, all of the eggs of 27 captured fanalere well developed having a shape of an
amphipod. Some of the embryos had pereopods arad zidible. In August neither egg
bearing females nor females with juveniles was baulj seems that the hatching of the
juveniles was relatively synchronized and it hagokeisometime from late June to early-
August.

According to Steele and Steele (1975a), developwieméwly laid eggs in temperatures
prevailing during the incubating period in Adventfjen would take approximately 80 days
for Gammarus oceanicuendG. marinus However,Onisimus caricusas twice as big eggs as
G. oceanicugWestawski & Legeynska 2002). Steele and Steele (1975a) estimated @@
egg development time for a species, which has coabfgsize of eggs witl®. caricus This
estimation does not comply with the incubation timleserved in this study, which was
approximately from 4 to 5 months or from 120 to 1ddys. However, it seems that the
incubation time observed in this study would beseldo the average of the two estimates
made by Steele & Steele (1975a).

Arndt & Swadling (2006) concluded that the releatbrood in polar crustaceans would
generally be timed to the most productive timehs year. Phytoplankton is responsible for
most of the primary production that takes placethia pelagic ecosystem (von Quillfeldt
1996). In the Arctic marine environment, algal btos established to be the most significant
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nourishing event which influences the peak of sdaoy production and animal migrations
(Hegseth 1998). In the northern part of the Bar&#a, the annual production of ice algae
may represents between 16 and 22 % of the totaleqomimary production (Hegseth 1998).
The timing of the hatching dD. caricussuggested in this study seems not to follow tigalal
bloom. However, Zagczkowski and Legenska (2001) evaluated that the melting of glaciers
forms a brackish water layer on the surface ofigldsays, which causes local mortality to
freshwater-sensitive zooplankton. They concludeat @. caricusis very likely the most
important species taking advantage of the sinkiagddzooplankton. During this study the
brackish water layer was thickest during Augusticiwhwvould fall on the same time when the
juveniles were released.

Westawski and Legeynska (2002) measured the egg diametdd o€aricusas 1.4 mm.
In this study the mean diameter of an egg was Ti7amd volume of 2.5 minThe difference
might be due to the fact that in this study thenditer was measured including the outer
membrane, if it was not totally distinct. Howeviis does not exclude the fact that among the
AmphipodaO. caricushas a considerably large egg relative to the sfzthe animal. In a
review of reproduction of gammaridean Amphipoda digth (1982) found that the largest
amphipod egg belonged 8iegocephalus inflatugvhich is approximately twice as large@s
caricus The diameter of the egg was 1.75 mm and the wIRi81 mm. GenerallyOnisimus
species tend to have large eggs¥wski & Legeynska 2002), bu©. caricusseems to take
the upper extreme within the genus.

Westawski and Legeynska (2002) found that the mean number of eggOpararicus
female was 12, which accompanies with the meamaggd in this study (11). The maximum
number of eggs found from a female in this studg W@, which again is almost the same as
(18) reported by \Wstawski and Legeg/nska (2002). The minimum number of eggs per female
was difficult to estimate, since some eggs werebaioty lost during the sampling and
preservation. Nevertheless it seems reasonablelig/b that some of the females might have
had as few as five to seven eggs in their brooctipes Because of the small sample size and
the loss of eggs during sampling, relationship leetwnumber or size of eggs and female size
was not found, although general trend among the pgala is that bigger females tend to
have more eggs (Wildish 1982).

The average brood volume ©f caricus(30 mnf) is comparable with those presented in
Wildish (1982) forGammarus wilkitzki{(18-51 mni). The same applies for reproductive cost,
which was estimated to be 5-12 % fGr. wilkitzkii. In this studyO. caricus showed
reproductive costs between 5-10 %. The value isidenably higher than in the amphipods
with southern distribution, but seems to complyhvitie Arctic amphipods, which usually are
K (or A)-selected.

Sainte-Marie (1989) used Half-Range of Mature FenBady Length (HMFBL) ratio to
estimate itero- and semelparity of the cold watangaridean amphipods. He considered that
the ratios between 0.0110 and 0.3478 referred éosémelparous (one brood per life time)
species and the species with the ratios more tt84v8 to iteroparity (several broods per life
time). HMFBL ratio calculated fo©. caricusin this study was 0.1536, which refers to
semelparity.
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It can be concluded, from the reproductive datat the life history pattern @. caricus
refers to an A-selection, as evaluated also iesfdvski & Legeynska (2002). The
reproductive pattern is most likely semelparous.

4.4. Interpretation of the cohorts

Since the hatching of juveniles seemed to be velgtisynchronized, the size cohorts
were thought as year classes and it was assumethéhgrowth rate between the specimens
does not alter in the way that the cohorts wouldehaerged during the period when the
specimens were juveniles. Because the populatia saanpled with baited traps, the bias
associated with the sampling method included prighaihderestimation of the abundance of
newly hatched juveniles. The presence of stronk péall in May casted a doubt on the
hypothesis that hatching occurred between late Janeé early-August (Figure 13).
Interpretation for the mismatch was that most & jihveniles appeared in the traps in May
almost one year after the hatching.

In most cases the first and the second cohortwaniles did not differ from each other
very clearly (Figure 13), but it rather seemed that distribution of juveniles was positively
skewed and had an elongated tail, which was sed@.ds June and August there were two
separable juvenile cohorts. Juveniles in the secomdrts had approximately the same mean
length as the tail of juvenile distribution in Ob&y, November, December and February.
Bregazzi (1972) reported a 90 percent mortalityveen the first two juvenile cohorts in a
benthic amphipodCheirmedon femoratuffom Antarctica. Distributions from October to
December would show a similar trend, if assumirat the traps collected population at a
relatively unbiased manner during those monthsth@rother hand, this would cast a doubt on
the interpretation; that the newly hatched juvenilere not visible in the data before spring.

Second cohort of juveniles and some part of imneataale and female distributions
tended to overlap. Thus it was supposed that JanBIMim1 represented the same age group,
but reflected natural variation within the cohdrhe non-significant size difference between
F1 and the immature females with “tiny” or “smadldstegites was considered as evidence for
that F1 had short oostegites.

Immature female distribution was negatively skewelcond cohort of females (F2) did
not differ significantly in size from immature fetea with “intermediate” and “long”
oostegites: thus it was assumed that the femades F2 had oostegites similar to these groups
(Figure 14). The presence of strong F2 throughbetyear (Appendix 2), even during the
breeding season was considered to refer to a slagi@vth rate when specimens started to
reach maturity. Further, this was considered tacete that F2 and Fm belonged to different
age groups and that development from F2 to thetathok approximately one year. Reduced
differences in the mean lengths between immaturalies from larger oostegite development
groups complied with this hypothesis, if assumed #ach group represented a single molting
(Hammersmith & Coyle 1991) (Figure 14).

Immature males, unlike females, had a bimodal Beguency distribution only during
and after the algal bloom (Appendix 3). This wassidered as a time, when the males started
to achieve sexual characterizes. Clearer unimod&tiltltion, compared to females, was
thought to indicate that the males achieved thesiual characters more synchronously.
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Immature and mature males were generally overlgppout the fraction of larger
specimens of the combined distribution consistedn@les with long second antennae
(Appendix 3). The presence of immature males iatiretly high numbers during the mating
season referred most likely to two age groups: amesisting of immature males and one of
mature specimens. Change of an identification evas present in the transition lengths of the
male cohorts, but it was considered relatively $afassume that larger specimens were their
own age group.

If assumed that the cohort classified as “maturéesiaconsisted mostly of specimens,
which in reality had reached maturity, the malegensed to reach both the sexual
characteristics and the maturity smaller in sizantthe females (Figure 13). However, the
largest males seemed to have only slightly smailteg than the largest adult females. This
could indicate presence of two strategies withim tiature males: one, which would mature
one year earlier, but would remain small in sizé #re other, which would be larger and one
year older. Nevertheless, there was no strict eagedor this theory. The variation within
cohorts may reflect natural variation in size, agé or the males could live over two mating
seasons

4.5. Life cycle and growth

The length frequency data contains a high amoumioife and no certain deduction of
the life cycle can be made. Thus estimating theedifcle is not an easy task and a chance for a
misinterpretation is present. However, the follogvitheoretical life cycle with five years
maximum life span foOnisimus caricusemales and four to five years maximum life span f
males is suggested (Figure 15).

Eggs hatch sometime between late June and earlyshulylean size of individuals
belonging to juveniles was small in February, Maaihd especially in May (Figure 13,
Appendix 1). This could indicate that a small fractof newly hatched juveniles would start
going to the traps during their first winter, anashof the cohort would appear in the size
frequency distribution in May, with a mean size0o#2/7 mm, after the algal bloom and a
potential boost in the growth.

After May, the mean size of the J1 cohort congistifi one year old juveniles would
grow slowly during the summer and autumn until l@lby, when a fraction of the cohort of
juveniles from last summer would decrease the mvadure. In middle of their second winter
(February-March) a big proportion of the juvenilesuld have frequent mouldings (many
emptyOnisimus caricushells were found from the traps during that tinl)ring the winter
biggest specimens of one and half years old jugsniould gradually appear in J2. After
assumed boost in the growth during and after ddggadm all of the almost two year’s old
juveniles would come out as the second peak ohjle® (J2) in June with a size varying from
0.70/12 mm to 1.0/17 mm (Appendix 1). One peakhm dize-frequency distribution in April
and possibly in March could indicate the supposedugl shift in the length and a sharp peak
of small specimens in May, the appearance of neenjiles (Appendix 1).

In theory the slow growth could be explained byfén that it would be profitable for a
small juvenile to feed on minute carrions, fragmsenf zooplankton, algae and detritus
(Sainte-Marie 1986a, Dauby et al. 2001), whichfeeguently accessible especially during the
summer because of zooplankton mortality causeditiydity and brackish surface water layer
(Zajaczkowski & Legeynska 2001, Eiane & Daase 2002) and the high biordassto the
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algal bloom (Arnkveern et al. 2005). This kind ofagtgy reduces the need of motility and
usually leads to lower predation risk and, in tuenslower growth (Jumars & Gallagher 1982,
Ingram & Hessler 1983, Sainte-Marie 1986a, Daulsl.€2001).

45.1. Females

A proportion of the biggest individuals of the agfeup 2+ could have been started to
grow oostegites. Their size would vary from 0.9%% to 1.2/20 mm. The big variation in the
size is suggested to be arisen from the varyingremwental conditions and the strategy in
finding food (minute carrions against carcassesin{®-Marie 1986a, Dauby et al. 2001).
During late summer and autumn, more juveniles wadtieve sexual characteristics. In
November juveniles of the cohort would have a lengirying from 0.7/12 mm up to 1.2/20
mm and immature females from 0.8/13 mm approxingatell.3/21 mm.

Length-frequency data shows a high variation ire 92 the 3+ age group, which is
assumed to consist of cohorts J2 and F1. Duringphi@eg and maybe after getting a boost in
the growth from abundance of zooplankton after @lgal bloom and raised zooplankton
mortality the age group would gradually appear th Fhis could be indicated by a great
variation and overlap of immature female cohortgume and August. In September the age
group 3+ consisting of the cohort F2 would haveeamsize of 1.44/24 mm.

Increased proportion of males with long secondrarde and eggs found from females
indicates that the mating season lasts approxign&t@in December to February. Presence of
strong F2 during that time indicates that the imuratfemales from the age group are not
ready to breed, even though their size would bgecto the adults.

Beuchel & Lgnne (2002) found that growth rate oftuma females orGammarus
wilkitzkii reduced dramatically. They explained this by thet that egg carrying females do
not mould while having brood. Congruent results @eorted in Hammersmith and Coyle
(1991) forAmpeliscaspecies. Similar decrease in the growth rate casele inO. caricus
(Figure 14). It seems that the growth@f caricusfemales starts to slacken before the mean
length reaches 1.5/25 mm, perhaps because the eemahy start to allocate energy to
developing gonads.

During summer and especially autumn now 4+ yeatderhales would begin to reach
maturity. Most of the mature females in June andusti could be older individuals from age
group 5+. However, little less than half of the lademales without eggs (14) in June could
indicate either early maturing of a fraction of ageup 4+ or unsuccessful breeding of some
specimens from the older age group. In October sizadults from supposed age group 4+
varied from 1.4/23 mm to 1.7/29 mm. The biggesturetfemales may be old reproduced
individuals, which are probably dying off. It seerismt even though mature females are
present, they would not breed before winter, simeeegg-bearing females were found other
times. Another alternative could be that the nundreactivity of egg-bearing females was so
low that they were not captured.

During their fifth winter, four and half yeas oldatare females, with size varying from
1.3/22 mm to 1.75/30 mm, would mate and start twycaggs in January-February. The
absence of mature females in the samples from Agmil May can be explained by the
observation that egg and juvenile bearing fematesaarare catch in the baited traps (see
chapter 4.1).
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Figure 15. The suggested life cycle @rcaricus

The eggs of the females hatch probably in late -damky August. Absence of both eggs
and juveniles from female brood pouches in Augusicates either short juvenile carrying
period or change in the behaviour. It could be featales with juveniles do not go to the
traps. The large size of eggs and clear A strategyd suggest longer maternal care.

Wildish (1982) concluded that many cold water gamdean may have a diapause after
the first breeding and they might try breeding adater. The possibility of diapause for the
five years old females appears to be low, but passible that some of the females mature
already during their fourth winter since variatioithin the cohort was high and the smallest
egg-bearing females were only 1.29/22 mm in sizeisTthey would have a possibility for
another brood. After taking care of their juveniléige years old females probably die off

during the autumn.
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4.5.2. Males

It is not possible to make any difference betwéwmnlife cycle ofO. caricusmales and
females during their juvenile stages. There is wnidence to argue that transition from J2
would happen in different manner than in femalegufe 13).

Growth of the males, like it was suggested for fleslaseems to slow down when
reaching maturity. Instead of allocating energyd&veloping gonads, males have larger
gnathopods and are reported to be more activeglthimtime, when they are trying to find a
partner (Conlan 2004). The life cycle of the malesld be similar to females (Figure 15), but
dramatically reduced amount of mature males irctiteh after March (Table 2) could refer to
faster cessation of males. Thus life span of maiasld stay slightly shorter than in females.
The possibility for maturing already during theaufth winter and thus having an opportunity
for two mating periods is more plausible with thales than the females, since quite small
males could be classified as “mature”. Becausengkdainty in maturity classification, the
possibility for four years life cycle in males canibe excluded.

4.5.3. Suggested life cycle; conclusions and ¢sitic

Westawski and Legeynska (2002) suggested a three years maximum lifa &paO.
caricus They however, had only one sample from July v@#hspecimens. Because of the
small sample size, they ignored one peak from #mgth-frequency distribution varying
between 10 and 14 (Lt) mm. The peak was compatabl2 cohort observed in this study.
They also assumed that the first cohort of, appr@nveniles, belonged to the age group 0+.
First cohort from the study had a median of 6 mriclv was almost the same as the median
of cohort J1 (6-8 mm) observed in this study. Resampling method fd@. caricuswas not
described in Wstawski and Leggmska (2002), but personal communication with
Legezynska confirmed that they also had used baited thapgbe sampling. Generally the
length-frequency distribution presented ir&&wski and Legeynska (2002) was very similar
to the distribution from July in this study, evehotigh lengths differed within larger
specimens. This can be explained by the differestthod in the length measurement. Thus
shorter life span estimate in the study is sugdetstée due to lack of observations throughout
year and different interpretation of the results.

Generally in studies on the life cycles of the Ar@mphipods, distinctive peaks in the
length-frequency distribution are considered as @grips (Poltermann 2000, Beuchel &
Lonne 2001, Wstawski & Legeynska 2002, Arndt & Beuchel 2005). In this study the
cohorts would have been impossible to see withamdgr classification, since the kernel
distribution ofO. caricusfor all genders combined has two to three peakseNeaks can be
seen from the length-frequency histograms (FiguBg but some of them are due to
measuring intervals used in the study. High meaa ef the first peak of juveniles and the
occurrence of the peak before the hatching woufzpsu the assumption that 0+ age group
would be absent in the samples during summer anuoew Thus there is a strong evidence to
argue for a surprisingly long life span fOr caricus

A long life span is not exceptional among the Arcamphipods. For example
Hammersmith and Coyle (1991) reported a five to gears life span forAmpelisca
macrocephala Beuchel & Lgnne (2001) estimated theoretical Ifpan of Gammarus
wilkitzkii to be as long as six to seven and half years. Stegéfe span foO. caricusis two
years longer than Arndt & Beuchel (2005) suggeshked similar sized ice associated
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opportunistic scavengé. nanseniand one year longer than the counterpartdoglacialis
which is thought to be an opportunistic scavengigh wore herbivorous diet (Arndt et al.
2005). However, criticism against the suggesteddifcle in this study can be directed:

1) The age group 0+ was considered to be unobdervath baited traps. Even though
there is evidence to support this hypothesis, ghinibe that a fraction of th®. caricus
population releases their juveniles already dutivgalgal bloom, which would comply with
theories in the literature (Arndt & Swadling 200&phd J1 would actually consist of the age
group O+. If this would be the case, life span widut one year shorter.

2) The suggested life cycle leans powerfully to higpothesis of synchronized breeding
time generally established in case of Arctic amptg (Dunbar 1957, Kuznetsov 1964 after
Westawski & Legeynska 2002, Steele 1967, Steele 1972, Steele & Si&318, Thurston
1972, Steele & Steele 1975, Clarke 1979). Howetle, presence of mature males and
females throughout the year could indicate eithet breeding is happening outside of the
suggested breeding season or refer to iteropamsthd population. Slightly increased sex
ratio and presence of mature females in Septembald crefer to another mating in
September. Cohorts in length-frequency distributamuld be explained by two juvenile
releasing periods: one as suggested earlier irsthdyy and one during the algal bloom. If this
would be the case, the life span ©f caricuscould be as suggested in¢8tawski and
Legezynska (2002).

3) Accelerated growth was observed during and dfteralgal bloom, but sinc®.
caricusis reported to be a species, which utilizes effitiesummer mortality of zooplankton,
higher growth rates during summer and early autwounld have been expected. The growth
might be so fast that it could mix the cohort stuwe of the juveniles and lead to a life span
significantly shorter than suggested.

On the other hand, the observed hatching time aftehse of juveniles sometime in
August would, indeed, be the best time for juvenile grow, if utilizing the zooplankton
mortality. Even though other possibilities fonisimus caricugife cycle may exists, it is most
probable that the life history traits of the spsd® semelparous (one brood during life time)
univoltine (one brood a year) and perennial (Ifpars more than two years) with a possibility
of iteroparism (two broods during life time). Larggg size, long life span, relatively slow
growth and potential semelparity refer clearly ti§,ar rather, A-selected life history pattern,
which is common among the Arctic gammaridean angasgSainte-Marie 1991, ¥stawski
& Legezynska 2002), but less common in the species comgldtieir life cycle in the
temperate oceans (Sainte-Marie 1991).

4.6. Growth modeling

The growth ofO. caricuswas estimated from the differences in the meantieng
between cohorts, based on the suggested life cihkemean lengths were obtained by Mix-
analysis. The lengths were plotted against estitnade of the cohort and a simple polynomial
growth curve was modeled (Figure 16). To show theffthe models, the mean lengths of
observations from oostegite development groups wiertted with the mean lengths obtained
by Mix-analysis. Parameters and\Rlues for functions are listed in Table 5.

In polynomial functions t is time from first Juné the life of an animal in months
divided by 12. Gompertz growth function fitted fGr. caricusand mentioned in the table,
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overlapped with polynomial growth functions. Esttethgrowth curves fobnisimus nanseni
andO. glacialiswere obtained from Arndt and Beuchel (2005) attédiwith the models for
O. caricus(Figure 17).
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Figure 16. a) the growth @. caricusfemales. Orange dots represent mean lengths efijes, bright
red triangles mean lengths of immature femalesdard red ones mean lengths of mature females.
Black squares shows observed mean lengths of ttegite development groups. b) the growttOof
.caricusmales. Light blue squares represent mean valugsrofiture males and dark blue ones mean
lengths of mature males. A black square with a bwadie is the mean diameter of eggs. Black limes i
both graphs represent the polynomial growth madtteldffor a particular gender.

The growth of amphipods is connected to molts, Widietermines the length increase of
the exoskeleton (Hammersmith & Coyle 1991). Furtieee, Hammersmith and Coyle (1991)
suggested that sexual maturity is a function ofasemumber of molts experienced rather than
body size. They continued by hypothesizing thatahget of maturity would occur after fixed
number of molts. Moreover they found that Sexto82d) and Shih (1969) approved the
hypothesis, because the amphipods they studiedmadchanging number of molts or stages
in their life histories.

This hypothesis could explain the high variationsine of maturity observed in this
study. Different conditions and success in findiogd during the life of females would cause
a different growth rate, but molting rate wouldyssamilar regardless of the size. This would
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lead to a population with adult females highly \agyin size rather than in age. This, in turn,
would suggest semelparity (one brood per life tink@)rther, the size of an adult female is
reported to affect amount of eggs produced andurin, to reproductive success (Bregazzi
1972). This would lead to a population where repobide success of females would be
determined by success in growth. Perhaps due tanlowber of egg-bearing females in this
study, a relationship between number of eggs am@liesize could not been found.

Table 5. Growth model parameters for different aipgth species.

Species and gender Function Lejing L tfirm k to R2 Reference
- y =-0.0002% + 001512 + )
O.caricus F 01672t + 1. 7391 0.96 This study
- y =-0.0002t% + 001147 + )
O .caricus M 0.2375t +1 5458 0.97 This study
0 .caricus Gompertz 1M 29.00 0.60 1.60 This study
0 .nanseni Gompertz 142 0.92 0.55 0.98 Amdt & Beuchel 2005
0 .glacialis F Gompertz 0.61 1.06 072 0.98 Amdt & Beuchel 2005
G.wilkitskii F Gompertz 2.28 4530 047 1.00 Beuchel & Lanne 2001
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Figure 17. Growth models for differe®nisimusspecies. Red dashed and blue solid line repregents
polynomial functions folO .caricusfitted for females and males respectively. Bldok lis Gompertz
growth model forO. nanseni(Arndt & Beuchel 2005) and black line with dots rmertz growth
model forO. glacialis(Arndt & Beuchel 2005).

The growth model ofO. caricusshows an asymptotic growth, which is a common
pattern to most vertebrates and some inverteb¢aigsre 17) (Hammersmith & Coyle 1991).
The growth rate seems to be betwé&2nnanseniand O. glacialis, when compared to the
growth models made by Arndt & Beuchel 2005. Slowate is due to the longer life span
estimated. When one year shorter life span wasress$dorO. caricusthe curve overlapped
with O. nanseniThis indicates similar growth pattern betweerséh&vo species, which is not
surprising, since both species are opportunistiavestgers from the same genus
(Zajaczkowski & Legeynska 2001, Arndt et al. 2005).
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5. CONCLUSIONS

Knowledge of life history characteristics of singlgecies is important for understanding
both the population biology of the species andeb@ogy of communities. Furthermore, life
history features, which are affected by environrakobnditions, may result in very different
life cycles, size and age class structures anchskeey productivity between populations of the
same or related species over their distributiomages. When enough research has been
conducted on the ecology of communities, the kndgdecan be used to deduce interactions
between communities in the ecosystem. Such knowledg lead to a better understanding of
the diverse life in the oceans. Understanding thigersity could potentially lead to an
increased human awareness towards life in the scedrch in turn could raise awareness of
the importance of the conserving the unique oceasystems world wide.

Highly motile hyper-benthic animals are difficuti sample quantitatively. This study
concentrated on the life history @hisimus caricusintroducing a new method of sampling
hyper-benthic crustaceans to life history studlde catch of baited traps used in this study is
not quantitative and is influences by the behavigiuscavenging amphipods. Many factors
might affect this behaviour, including reproductioimod availability and avoidance of
predation. Temporal changes in the behaviour mestdmsidered, but it is assumed that the
traps catch all parts of the population to somerxtBaited traps can be used to estimate the
life cycle, reproduction and growth of local ampidppopulations, because the breeding of
benthic lysianassid amphipods in the polar regiomsstrongly seasonally timed and
synchronized.

It was found that the mating @. caricushappens during the mid-winter, probably
sometime between December and February. The eggsaatied by females until hatching,
which occurs sometime from late June to mid-Auglike polar crustaceans have been found
to release their brood during the most produciives tof the year. However, the timing of the
hatching ofO. caricusjuveniles did not follow the algal bloom. Instedtk thatch coincided
with a potential peak in zooplankton mortality, sed by a brackish water layer during the
melting season.

A surprisingly long life span of five years wasiestted forO. caricus Newly hatched
juveniles are observed in the trap samples almustyear after hatching. Following hatching,
juveniles grow for two years before they start thiave sexual characteristics. Both sexes
reach their sexual characteristics slowly duringirtithird year. During the fourth year the
growth rate slackens and maturity is reached dutfregsummer and autumn of fifth year.
Mating occurs in the mid-winter of the fifth yedvliales disappear from the population
relatively soon after the mating, but females céney clutch and die probably during the sixth
autumn of their life. There is the potential foeéding during the fourth winter, but this is
higher for males than for females.

The high variation in the size of egg-bearing fessatan be explained by a hypothesis
that sexual maturity is a function of certain numbiemolts experienced rather than body size.
This would indicate a semelpari@ caricuspopulation where the reproductive success of
females would be determined by the success inrinvetl. The growth pattern @. caricus
shows an asymptotic growth. The largest specimandaluring the study had a total length
close to 30 mm. The growth rate of the speciesitasrinediate betwee®. nanseniand O.
glacialis, but this is dependent on the length of the pregdie cycle.
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The earlier life span estimate fOr. caricuswas three years. The difference between the
earlier estimate and the estimate suggested irsthéy may arise from the small sample size
in the earlier study. Even though the life cycldireate in this study is based on strong
evidence and on a large sample (6832 specimensi@omonths throughout a year), it can be
criticized. Although other possibilities f@nisimus caricudife cycle may exist, it is most
probable that the life history of the species imakparous (one brood during life time),
univoltine (one brood a year) and perennial (ljjars more than two years), with a possibility
of iteroparism (two broods during life time). Larggg size, long life span, slow growth and
potential semelparity clearly indicates A-selectiawhich is common among the Arctic
gammaridean amphipods in occupying predictably worible habitats, but less common in
the species which complete their life cycles intdraperate oceans.

Despite some biases, baited traps seem to beibléeasethod to study the life histories
of scavenging amphipods if the sample size is ligbugh and the sampling is done during
the most important times of year, including the ingaperiod, the hatching period, the period
of accelerated growth and potentially the periocemhewly hatched juveniles appear in the
samples. However, if similar studies of scavendeagna are continued, additional methods
should be introduced. A species-specific correctiactor for the trap catch, obtained by
methods involving SCUBA diving, would be the nexeps in such a study. A study
concentrating on the biases involved in baited sampling is necessary before baited traps
can be used to estimate abundances and populat@amits of the scavenging fauna. The life
span estimate of this study must be confirmed \adiitional samples from the sampling
locality obtained by SCUBA diving before the resutif this study can be published in a
scientific journal.
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Appendix 1. Length-relative frequency histogram jioreniles. Orange line represents kernel density
estimate and dashed black line represents the maigtiatribution model. Lengths of the first perdona
segment (mm) are on the x-axis with an intervd.@fmm (in histogram). Relative frequency is on the
y-axis. Randomised subsample size for each monghasvn in the title. Value in brackets tells the
contribution of the subsample from the total catch.
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Appendix 2. Length-relative frequency histogram females. Pink and red lines represent kernel
density estimate for immature and mature femalespectively. Dashed black line represents the
mixture distribution model for immature females.ngghs of the first pereonal segment (mm) are on
the x-axis with an interval of 0.1 mm (in histogharRelative frequency is on the y-axis. Randomised
subsample size for immature and mature femalegectisely, is shown in the title. Value in brackets

tells the contribution of the both subsamples comthifrom the total catch.
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September 2006, n = 10 & 77 (27%) October 2006, n = 53 & 46 (3%)
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Appendix 3. Length-relative frequency histogram foales. Green and blue lines represent kernel
density estimate for immature and mature maleqetively. Dashed and solid black lines are the
mixture distribution models for immature and matunales. Lengths of the first pereonal segment
(mm) are on the x-axis with an interval of 0.1 mimHiistogram). Relative frequency is on the y-axis.

Randomised subsample size for immature and matatesgrespectively, is shown in the title. Value

in brackets tells the contribution of the both subples combined from the total catch.



