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i Macrozooplankton were collected at night by ob-
Material and methods lique hauls (bottom-surface using an Omori net (1-mm

) ) mesh, 1.6 m diameter). Volumes sampled were cross-
Fieldwork was carried out at esKerguelen Islandss, computed from General Oceanic "ow-meter data and
Southern Indian Ocean (Flg_.la)._ Sampling was CON- GPS track records. Two consecutive samplings were
ducted at two groups of stations in the Bay of Morbi-  herformed at each station. One sample was preserved
han, with dierent bathymetric and hydrological on poard in 5% bu ered formalin...water solution and
characteristics. The «sBay of Morbihane is a large gulf the other one kept alive in cooled seawater. Back to
(about 700 kn?) located in the eastern part of the ar- e laboratory, living individuals of T. gaudichaudii
chipelago (Fig. 1b). The “rst set of stations (stations 1 \yere sorted out and dried for biomass measurements
and 2) was located in the northern part of the bay, jn order to quantify the absolute and relative
outside the group of inner islands, with maximum mnortance of this species in the macrozooplankton
depths of 60 m and with a sill entrance open to the In- community. Formalin samples were sent to Ville-
dian Ocean. This group is referred to as ««Open gulf franche-sur-Mer, France for size structure analysis.
stationsee. The second set of stations (stations 6...10) Wagsmperature and salinity pro‘les were recorded at

located around the elle Longues« in the western part of gach station with a CTD probe, SBE 25 Seabird
the Bay of Morbihan, which is characterised by deep technology.

submarine valleys (up to 190 m depth) and numerous
inner islands (Fig. 1b). This group is referred to as elle

Longue stationses. Biomass measurements
The studies period extended from June 1995 to De-

cember 1997, with 41 sampling dates in the ««Open gulfes)| individuals of the hyperiid T. gaudichaudiiwere se-

stations and between 35 and 38 sampling dates at theyarated from the rest of the zooplankton, rinsed with

*slle Longues=+ stations. distilled water and dried at 60 C until constant weight
was attained. Population biomass was expressed per unit
of volume sampled (milligram of dry weight per cubic
meter, DW mg m 3).

Length measurement and sex determination

Size structure was analysed at two stations where T.
gaudichaudii was continuously abundant, i.e., station
2 and station 8 (Fig.1b). At these two stations, T.
gaudichaudiiwas present all the year round and ac-
counted for the largest proportion of the macro-
zooplankton community. Total samples were divided
using a Motoda box to obtain sub-samples of 150...200
specimens. In each sub-sample, individuals were
counted, sized and sexed. Standard length measure-
ments corresponded to total body length (BL), mea-
sured directly from the front of the eye to the tip of
the uropods, L1 length of Pakhomov and Perissinotto
(1996. Sexes were determined using secondary sexual
characters: males were identi“ed by the "agellum of
the second antennae which become “lamentous and
divided into many segments, while females displayed
short and unsegmented second antennae, Kan&9g66.
Animals with broken antennae were labelled as un-
de“ned. Small T. gaudichaudii (BL<12 mm) were
considered as juveniles.
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Mann...Whitney test was used (Siegel and Castellan
(1988. Results

Hydrological characteristics

Correspondence analysis ) o

Figure 2 shows the temperature and salinity at three
The variability of the size structure was analysed using a depths (surface, 30 m, 60 m) during the sampling
multivariate analysis that was able to synthesise the keyPeriod. Stations 2 and 8 show a similar annual cycle for
features. Correspondence analysis (CA) (BenzedB73 the temperature, Wlth_maX|ma observed between Jan-
is an ordination method which has been widely used to Yary and March and minima in August or September. In
analyse ecological data (Gowerl987) and, among oth- terms of_ salinity, a large di erence occurred between the
ers, to describe size structures (Badia and Do-CHi976). two stations. Statlpn 2 was clearly related to open ocean
Its aim is to describe the total inertia of a multi-dimen- Waters with relatively constant values. Station 8 dis-
sional set of data, in a sample of fewer dimensions (or E)Iayed lower salinity with a surface layer strongly in-
axes) that is the best summary of the information con- "uénced by fresh water inputs from rivers. Hence, the
tained in the data. Among the inertia methods, CA annual variation in §alln|ty $hou|d_be relatec_i to the
employs contingency tables and uses a Chi-square mepattern of_ rainfall with maximum inputs during the
tric. Starting from the cloud of samples within the space Winter period.
of size classes, and the cloud of size classes within the
space of the samples, this factorial analysis provides the
best possible summary of the kinetics of the size struc-Blomass

ture of a population over time. The position of a sample
in the multivariate space is de*ned using all the size Biomass values were averaged from the 3 years of ob-

classes: proximity re"ects similar abundance while dis- servations sampled in the seven stations. Total macro-
tance re’ects scarcity. To avoid the over representation Z00Plankton and T. ga_udlchaLBJdnbmmass ranged from
of classes with few individuals, classes of sizes aboveé-3 t© 89 mg dry weight m * and from 1.9 mg dry

22 mm were pooled in a single group. CA and graphical Weight m ®t0 50.6 mg dry weight m ®, respectively . In

€ ) . . g
representations were computed with Matlab 6.5. percentage, T. gaudichaudii accounted for 39.3% at
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Fig. 3 Mean biomasses, in DW 100
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station 7 to 92.9% at station 2, of the total community “agellum antennae represented 16% of the individuals.
sampled with the Omori net. The rest was sexed and yielded a ratio of 47%. This ratio
The total and T. gaudichaudiibiomasses were clearly is not statistically di erent from 50%, i.e., an equal ratio
larger within the eelle longuees area than in the «sOpen between males and females.
gulfes area P<0.05, Wilcoxon...Mann...Whitney), but in
proportion T. gaudichaudiiis the largest representative
of the community in the «Open gulfee area F<0.05, Size structure
Wilcoxon...Mann...Whitney).
Averaging the data for each of the two areas (Fig3), Figure 4a and b illustrate the size structure (normalised
T. gaudichaudiibiomass showed a distinct seasonality in percent) for station 2 in the «Open gulfes area and for
and inter-zone di erences. Higher values and a stronger station 8 in the eslle Longuees area. The start of the re-
seasonal signal were recorded for the e¢lle Longueee areacruitment period, marked by the arrival of the cohort of
The lowest values of biomass were observed during thesmall-size individuals, and the growth e ect, as seen by
end of the winter, from September to November. In the size shift over time towards larger size, were evident
spring, a steep increase was recorded from November toin the two areas during the southern summer. Some
December. The maximum values were observed indi erence exists between the two zones: small- and large-
summer and in early fall at the beginning of the year, size classes are better represented in station 2 and in
between January and April. In the fall, the decline took station 8, respectively.
place over a larger period than during the increase that
took place in the spring . In 1995 and 1997, the mini-
mum values occurred earlier in the «sOpen gulfes area,Correspondence analysis (CA) results
between April and May.
Correspondence analysis was performed on the con-
tingency crossing 65 rows (samples) and 19 columns (size
Sex-ratio classes). The “rst two factorial axes accounted respec-
tively for 45.4% and 27.1% of the inertia (72.5% for
The sex ratio (expressed as the ratio of the females to allplane 1...2). The third axis explained only 11.8%. Fig-
individuals in percentage) was determined on a sampleure 5 shows the topology of the size classes (round label)
of 1,029 individuals larger than 12 mm, pooled from and the dates (square label) on the plane de“ned by axes
dierent stations where large individuals were well 1, 2. The size of the label is proportional to the quality of
represented. Undetermined individuals with broken the representation of each object (square cosines index).
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Fig. 4 Size structuresa at
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Axis 1 shows an opposition on the negative part of the with large-size classes in the positive part. The time
axis between the smaller sizes classes, 4...11 mm, and tignal observed in Fig.6 must be viewed in the context
higher than 12-mm size classes on the positive part. Axisof such size opposition. The global shape, maximum
2 shows an opposition between the larger than 15-mmand minimum positions, of this signal is very close for
size class and the others. In the 1...2 plane, ordination oftations 2 (esOpen gulfse area) and 8 (eslle longuess
the size classes and of the samples shows the result of tharea), but station 2 showed more extreme negative
growth and the recruitment e ects on the size structure values, associated with a larger contribution of the
kinetics during the annual cycles. The pattern of the plan small-size classes (annual recruitment). This pulse
1, 2 is clearly the result of the dynamics of a univoltine starts in October and ends in March (in 1997) and is
population. maximum from November to January. The dierence

Figure 6 represents the value of the coordinates of between the stations, e.g., earlier and more intense
the two stations plotted in axis 1 versus the time- recruitment of the small-size class at station 2, sug-
sampling scale. As shown in Figh, axe 1 illustrates gested that recruitment was essentially associated with
the opposition of small-size classes in the negative partthe «sOpen gulf = area.
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Fig. 5 Plan de“ned by thel...2
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ment throughout the year in the northern part of the
sub-Antarctic area. In Kerguelen, the recruitment and
) ] the increase of the biomass of. gaudichaudiiseemed to
Total zooplankton biomass recorded in the Gulf of phe synchronised with the initial increase of seawater
Morbihan, particularly around the lle Longue area, temperature (Fig.2) and with the bloom of phyto-
are higher than the values reported for other sub- plankton and the corresponding increase in zoo-
Antarctic waters (see Pakhomov et al.1994. More pjankton, which usually takes place in October (Razouls
speci‘cally, T. gaudichaudij within Kerguelen coastal g 4|, 1997. The strong seasonal signal of the environ-
waters, also displayed biomass higher than the valuesmental parameters certainly exerts a strong control on
reported by Pakhomov and McQuaid (199 for open e cycle of this species through the temperature e ect
ocean between Ivéc Murdo Sound and New Zealand on growth rate and food resource availability.
(0.53 DW mgm °), between the sub-tropical con-  The jife cycle observed for the Kerguelen islands in the
vergence and the APF (1.6 DW mg m~), as 3we|| aS  sub-Antarctic area corresponds with the general point of
around Prince Edward Islands, 0.7 DW mg m~ (Hunt  yiew of Ikeda et al. (1992 on the life cycle of the genus
and Pakhomov 2003. _ ) _ Themista the number of generation per year is decreas-
The general pattern of theT. gaudichaudiipopulation jg with the extreme latitude, e.g.,T. libellula and T.
dynamics that we describe is in agreement with the ob- 5y ssorumwith one generation per 2 year for the arctic
servations of Kane (1966 fpr sub-Aptarctlc waters pe— areas andT. japonica T. paci“ca and T. compressawith
tween OE and 20E, that is, recruitment of new size geyeral generations per year for lower latitude areas. For
classes in November and December followed by a rapid 1 gaudichaudijin our studies, we observe one generation
growth phase in summer. However, low growth char- per year with a recruitment during the summer.
acterised the southern winter period. This pattern con- = The changes in biomass and size structure in the two

trasts with the report by Siegfried (963 of a continuous  greas of the Kerguelen Islands system suggested re-
reproduction and a "uctuating but permanent recruit-

Discussion
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