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ABSTRACT: Egg production was determined for the copepod Acartia bifilosa, and related to environ-
mental variables, female carbon budget, and population growth during the spring-summer-autumn
period of 1994 and 1995 in the estuary of Mundaka, Spain. Field incubations were made with natural
water and adult females collected in the polyhaline zone of the estuary. Chlorophyll ingestion rates of
adult females were estimated using the balance method in 1995. The female carbon budget was eval-
uated by assuming indirect estimations of respiration, phytoplankton carbon, and assimilation effi-
ciency. Egg production rate was found to be higher in spring (maximal mean of 32.6 egg female™' d™')
and lower in autumn (minimal mean of 6.7 egg female™ d''), but the 2 years examined were quite
different in terms of egg production and the relationships of egg production to temperature and chloro-
phyll. Egg production related positively with temperature in general, but maximal values occurred at
intermediate temperatures; this suggests a non-linear relationship. The relationship between egg pro-
duction and phytoplankton biomass {expressed as chlorophyll concentration) was not clear, probably
because there was no food limitation. Estimates of daily carbon intake based on chlorophyll ingestion
rates (between 28.2 and 228.8 ng chl female™! d”! on average) indicate that a herbivorous diet could
satisfy carbon requirements and support egg production by A. bifilosa females most of the time. Popu-
lation peaked in summer, after spring maximal egg production rates occurred, but population abun-
dance in the second year was higher while egg production was lower. As seasonal and between-year
differences in reproductive rates and population growth were not adequately explained by the mea-
sured environmental variables, the likely effect of other factors and mechanisms is discussed.
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INTRODUCTION

The copepod Acartia bifilosa is found inhabiting a
wide range of brackish-water habitats along the
Atlantic and Mediterranean European shores and is a
dominant species in mesohaline waters of the Baltic
Sea (Viitasalo 1992a), the polyhaline and mesohaline
regions of large estuaries such as the Severn (Collins &
Williams 1981), the Gironde (Castel 1981), the Forth
(Taylor 1987) and the Ems (Baretta & Malschaert
1988), and some shallow Mediterranean lagoons (Lam-
Hoai 1985), among others. Therefore, it is assumed
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that A. bifilosa shows a great adaptability to different
brackish-water environments, but little is known con-
cerning its biological response to these various envi-
ronments in terms of productivity.

In large estuaries this species appears seaward of the
usually dominant Eurytemora species, which are found
to have the highest copepod density in such estuaries
(e.g. Sautour & Castel 1995). Among the small estuar-
ies of the eastern Cantabrian coast of the Bay of Biscay,
however, Eurytemora species are absent and Acartia
bifilosa is found to be the main autochthonous brack-
ish-water copepod (Villate & Orive 1981, San Vicente
et al. 1988, Villate 1991).

The estuary of Mundaka (~13 km long and 2.5 m
mean depth) is one of these small shallow systems of
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the inner Bay of Biscay that are characterized by strong
seasonal and short-term environmental changes. There
is usually a high degree of hydrological stability in
summer because of low and regular freshwater in-
flows. The Acartia bifilosa population reaches the
annual maximum during this time (Villate et al. 1993).
However, as freshets are frequent from autumn to
early spring, substantial short-term alterations of the
hydrological conditions and plankton dynamics result,
and under such conditions the A. bifilosa population
may become negligible (Madariaga et al. 1992).

The general objectives of this study were (1) to ob-
tain quantitative information on the reproductive rate
of Acartia bifilosa in the estuary of Mundaka, and (2) to
determine possible links between the fecundity of A.
bifilosa and environmental factors, taking the female
carbon budget and population developments into
account.

MATERIALS AND METHODS

Sampling. Two sampling series were carried out in
the estuary of Mundaka in 1994 and 1995. Samples
were taken in order to cover the productive part of the
seasons in the estuary, from late winter to mid-autumn.

Sampling and experiments were conducted during
2 d visits to the estuary. In 1994, egg production of
Acartia bifilosa was evaluated by means of in situ
experiments on 19-20 May, 15-16 June, 9-10 and
28-29 July, 21-22 September, 13-14 October and
9-10 November. Sampling on 19 April revealed no
A. bifilosa individuals in mesozooplankton samples. In
1995, in situ experiments for the determination of egg
production and algal feeding by adult females were
made on 2-3 and 30-31 May, 26-27 June, 10-11 and
24-25 July, 13-14 September, 9-10 October and 6-7
November.

Sampling was carried out during the day and cope-
pods were incubated over a 24 h period to ensure
minimal disturbance during the most active spawning
times, which occur at night (e.g. Cervetto et al. 1993,
Landry et al. 1994).

Water was collected at mid-depth (around 1.5 m
below the surface) using 30 | hydrological bottles (Van
Dorn type) and was transferred to three 25 | carboys
using a large tube that was immersed in the carboy to
minimize splashing and bubbling. In the third carboy
we added mesozooplankton collected with a 200 pm
net at the same site, depth and time. Water tempera-
ture and salinity were immediately measured in the
carboys with a portable thermosalinometer.

The content of 2 carboys was screened with 200 pm
Nytal mesh to obtain a quantitative mesozooplankton
sample. The sample was preserved in buffered 4%

formalin. The content of the third carboy including the
concentrated sample of mesozooplankton was used
for the in situ experiments of egg production and
herbivory.

Experimental procedure. The mesozooplankton
contained in the third carboy was gently concentrated
in a collector with a 200 pm Nytal mesh. Water for
incubations was filtered through a 45 pm mesh to
remove all the metazoan zooplankton and copepod
eggs, and dispensed into six 0.5 1 bottles. Then, 6 to 15
(usually 8) undamaged and actively swimming adult
females were sorted from the mesozooplankton sam-
ple and placed into each bottle. In addition, in the 1995
experiments, 2 bottles were filled with the screened
water, but without Acartia bifilosa, to be used as
controls in the herbivory experiments.

Incubations were conducted in the field. Bottles
were placed horizontally into coarse mesh bags and
suspended from a frame supported by floats at a cen-
tral point in the channel. Incubations were conducted
at 1.5 m depth from the surface, for 24 h. After incuba-
tion, the content of the bottles was screened through
200 and 45 um meshes to remove and quantify the
incubated individuals and eggs.

In 1995, levels of initial and final fluorescence in con-
trol and experimental bottles were measured with a
Turner Designs fluorometer. After the initial screen-
ing processes to remove mesozooplankton and micro-
plankton and after incubations were completed, a part
of the water was also filtered through GF/F filters.
These GF/F filters were frozen (-60°C) for later deter-
mination of chlorophyll a concentration by fluoromet-
ric methods. Chlorophyll a fluorescence in 90% ace-
tone extracts was measured on a Shimadzu RF-540
fluorometer, according to the method of Lorenzen
(196%).

Analysis of females and eggs. The size and number
of eggs and the prosome length of females were
measured under an inverted Olympus microscope
equipped with a measurement reticule.

Female dry weight (ug ind. ') was measured from 3
replicate groups of 40 individuals for each sampling
day. After having been rinsed briefly with deionized
water to remove salt, samples were dried at 60°C
for 24 h and combusted at 450°C. A M3P Sartorius
electrobalance was used to obtain weight values. Dry
welghts were corrected for weight loss due to preser-
vation (22 9) (Smith & Lane 1985). Body carbon weight
of females (ug C ind') was estimated from female dry
weight by assuming a carbon content of 45% (Kierboe
& Nielsen 1994).

Egg carbon was estimated from egg diameter by as-
suming a perfect sphericity of eggs and a carbon:vol-
ume content of 0.14 x 107 ng C pm~3 (Huntley & Lopez
1992, Kigrboe & Nielsen 1994).
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Egg production. Daily egg production

(eggs ind ' d7!) was calculated as [(E+N)/F] 26 -
x 24/T, where E=number of eggs, N=num- Y
ber of nauplii, F = number of females, and S oo
T = incubation time (h). Egg cannibalism o
was not observed in experimental bottles be- 05) 20
cause when empty shells were found they T 18
corresponded to hatched nauplii. To explain L 161
egg production in carbon units (ug C ind.™! g 14 1
d™') we used the egg carbon content esti- = 121
mated from egg diameter. The specific egg 10

production rate was calculated from the es-
timated egg carbon and female body carbon.
Feeding. Ingested chlorophyll was eval-
uated using the balance method (Omori &
Ikeda 1984), which is based on differences
in chlorophyll concentrations of control
and experimental bottles. Ingested chlorophyll was ex-
pressed as carbon (ng C) by assuming a C:chl a ratio of
50 (Baldwin & Newell 1995, Landry et al. 1995), and a
minimal possible ratio of 20 (Peterson & Festa 1984).
Respiration and energetic requirements. Female
respiration expressed in carbon units (ng C ind! d™")
was estimated from individual body weight and tem-
perature according to the equation of Ikeda (1985).
Carbon requirements were derived from egg pro-
duction by assuming that the ingested carbon per

female must be 2 times as much as the carbon used in

egg production (Kierboe et al. 1985).

RESULTS

Environmental variables and
Acartia bifilosa population dynamics

Seasonal varlations in water temperature, chloro-
phyll @ content and Acartia bifilosa abundance are
presented in Fig. 1, together with precipitation data for
the watershed of the estuary. The rainfall data are
shown to illustrate variations in freshwater inputs,
since the maximum volume of freshwater within the
estuary appears 1 to 2 d after the maximum rainfall in
the watershed (Madariaga et al. 1992).

Periods of high precipitation were observed in April
and September 1994, and from December 1994 to
March 1995. From late winter to the end of 1995, how-
ever, rainfall remained moderate or low. High tempera-
tures were recorded in summer (22 to 24°C in July),
and between-year differences were only remarkable
in early spring, when temperature was clearly lower
in 1994 (11 to 16°C) than in 1995 (around 18°C). Chloro-
phyll peaked in spring in both years, but the spring
maximum was higher in 1994 (19.8 pg I'! as compared
to 8.4 pg 17! in 1995), while autumn values were higher
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Fig. 1. Variations in water temperature (0), chlorophyll a concentration (0),
abundance of Acartia bifilosa in the mesozooplankton fraction (®) and accu-
mulated precipitation from the 7 previous days (continuous line) in the

estuary of Mundaka in 1994 and 1995

in 1995. Acartia bifilosa populations peaked in July in
both years, but densities in spring and early summer
were higher in 1995 (a maximum of 28.0ind. 1"! as com-
pared to a maximum of 4.9 ind. I"! in 1994), while late
summer densities were higherin 1994. It should also be
pointed out that A. bifilosa was not found in the zoo-
plankton samples taken in Aprl 1994 and that the
population decreased drastically in late summer 1995.

Females and edag size

As shown in Fig. 2, prosome length and weight of
adult females were generally less in summer. Longer
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Fig. 2. Acartia bifilosa. Variations in female prosome length

(@}, dry weight and calculated carbon weight (0), and egg

diameter and calculated carbon content (o) in the estuary of

Mundaka in 1994 and 1995. Mean values (circles) and
standard deviation (vertical lines)
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fermales were recorded in late autumn (mean of around
675 um) but the biggest ones corresponded to spring
1995 (mean of 5.78 ng). Between years, the dry weight
of spring-summer females was higher in 1995, while
the dry weight of autumn females was higher in 1994.
In that year, the smallest values for prosome length
and weight coincided in July (586 um and 2.75 ug,
respectively). In 1995, however, female length was also
the smallest in July (572 um) but female weight was
the smallest in September (2.68 ug).

Eggs obtained in late autumn were larger (mean
diameter values of 84.2 and 81.8 um in 1994 and 1995,
respectively) than those obtained in spring-summer
(<78 um in both years), but between-year differences in
egg size were also noticeable. Egg size showed a sea-
sonal trend with the lowest value in summer (72.3 um)
during 1994, while no clear seasonal variations were
observed in eqgg size during the spring-summer period
(mean values between 74.9 and 78.0 pym) in 1995.

Egg production and respiration of females

Higher egg production values were recorded in
spring and early summer, mainly in 1994, although a
low value was obtained in late May 1995 (Fig. 3).
Between years, the mean egg production rate was
higher in 1994 (9.5 to 32.5 egg female™' d°') than in
1995 (6.7 to 16.5 egg female™' d7!).
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Fig. 3. Acartia bifilosa. Variations in (A) egg production rate
and (B) estimated specific production (@) and respiration (0)
rates, expressed as daily body carbon of females in the estu-

ary of Mundaka in 1994 and 1995. Mean values (circles) and
standard deviation (vertical lines)

The calculated specific production (per female body
carbon) ranged from 0.18 to 0.57 d~! in 1994 and from
0.10 to 0.35 d7' in 1995, while respiration varied be-
tween 0.13 (November) and 0.25 to 0.28 d°! (July) of
the female body carbon. However, in 1994 the highest
specific production coincided with the highest egg
production rate in late spring (June), while in 1995
the highest specific production was obtained in early
autumn (September), whereas the highest egg produc-
tion rate occurred in April and June.

Phytoplankton feeding and assimilation

Experiments conducted in 1995 showed that the
chlorophyll ingestion rate of Acartia bifilosa females
was closely related to chlorophyll availability in nat-
ural waters (Fig. 4). Ingestion rates ranged on average
from 28.2 ng chl female™' d7!, with low chlorophyll
availability (0.88 g I"!) in September, to 228.8 ng chl
female ! d°!, with high chlorophyll availability (8.41 ug
"1 in May.

The estimated phytoplankton-carbon ingestion, based
on C:chl ratios of 50 and 20, was higher than the esti-
mated carbon requirement in most cases (Table 1).
Carbon requirements were sometimes found to be
higher than carbon ingested only when a C:chl ratio of
20 in phytoplankton food was assumed.

Between-variables relationships

As shown in the linear correlation matrix for the
measured environmental and biological variables
(Table 2), size-related variables (female length, female
dry weight and egg diameter) showed a very signifi-
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Fig. 4. Acartia bifilosa. Relationship between chlorophyll in-
gestion rate of females (mean value: O; values range: vertical
line) and chlorophyll content in natural waters of the estuary
of Mundaka, based on experiments carried out in 1995.
Continuous line is the regression through all the replicates
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Table 1 Acartia bifilosa. Calculated individual requirement

and ingestion of carbon by females in the estuary of Mundaka

in 1995. Carbon requirements were derived from egg pro-

duction and ingestion of carbon from chlorophyll ingestion

data and values of C:chl ratios taken from the literature
(explanation in text)

Date Requirement Ingestion (ug C female™! d!)
(ng C female ! d°) C:chl =20 C:chl = 50
May 2-3 1.51 1.76 4.40
May 30-31 0.75 4.58 11.44
Jun 26-27 1.51 2.43 6.08
Jul 10-11 1.48 1.17 2.92
Jul 24-25 1.02 1.22 3.84
Sep 13-14 1.18 0.56 1.41
Oct 9-10 0.91 3.96 9.90
Nov 6-7 0.75 0.98 2.46

cant (p < 0.01) or significant (p < 0.05) negative corre-
lation with temperature in 1994, but not in 1995. These
variables, however, were not well correlated with
chlorophyll in general. Chlorophyll only showed a pos-
itive significant correlation with female weight for the
1995 data set.

Egg production rate and specific production were
correlated positively with chlorophyll concentration in
1994 (p < 0.01), but not in 1995. For the total data
set, only egg production rate showed a significant

Table 2. Acartia bifilosa. Correlation matrix for measured

abiotic variable (water temperature, T°C) and biotic variables

{chlorophyll content, chl a; female prosome length, FPL; female

dry weight, FDW; egg diameter, ED; egg production rate, EPR;

and specific egg production, SEP). Correlation coefficients were

obtained separately from each data set corresponding to 1994
and 1995, and from total data. (*p < 0.05, ""p < 0.01)

T Chl a FPL FDW ED EPR

1994 (n = 7)

Chla  0.401

FPL  -0.824" -0.339

FDW  -0.841°°-0.065 0.926°"

ED -0.878°'-0.482  0.917°* 0.845'

EPR 0.434  0.959°* -0.324 -0.071 -0.521

SEP 0.599 0.928°°-0498 -0.266 -0.646 0.973

1995 (n = 8)

Chl a 0.151

FPL -0.518  0.544

FDW  -0.158 0.756° 0.641

ED -0.653 -0.284 0356 -0.231

EPR 0.575 -0.165 -0.189 -0.032 -0.461

SEP 0.480 -0.658 -0.577 -0.684" -0.231 0.726"

Total (n = 15)

Chl a 0.302

FPL -0.657* 0.004

FDW  -0398 0286  0.728""

ED -0.758"-0.416  0.657"" 0.316

EPR 0414 0626 -0.256 -0.122 -0.516"

SEP 0.479 0421 -0.487 -0.476 -0.534" 0.920""

Egg production rate
(eggs female™ d™7)

12 14 16 18 20 22 24 26
Temperature (°C)

Fig. 5. Acartia bifilosa. Relationship between water tempera-

ture and mean egg production rate of females in the estuary

of Mundaka in 1994 (o) and 1995 (0). Superimposed on the
plot are the fitted lines

(p < 0.05) positive correlation with chlorophyll. Linear
correlations between egg produclion and temperature
were not significant. However, the plot of egg produc-
tion against temperature indicates that these variables
might be fitted by a polynomial function (Fig. 5}, since
the highest levels of production were obtained at
intermediate temperatures.

Egg production rate was not related to egg diameter,
female prosome length and female weight for the 1994
and 1995 data sets, and specific egg production only
showed a significant correlation with female weight for
the 1995 data set. However, both egg production rate
and specific production showed a significant (p < 0.05)
negative correlation with egg diameter for the total
data set.

DISCUSSION
Egg production and environmental variables

Seasonal variations in egg production rate did not
track the water temperature cycle, and there was no
clear relationship between seasonal egg production
and chlorophyll concentration. The lack of parallel sea-
sonal variations in egg production and temperature
may be in agreement with the likely non-linear rela-
tionships between temperature and egg production.
Such non-linear relationships appear common to sev-
eral species of Acartia, whose egg production is found
to increase with temperature to some maximum level,
then to decline at higher temperatures (Sekiguchi et al.
1980, Uye 1981, White & Roman 1992). Although egg
production rate closely tracked seasonal variations in
chlorophyllin 1994, the 1995 results showed no consis-
tent cause-effect relationship between amount of
chlorophyll and egg production. In addition, results on
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chlorophyll ingestion and calculations of chlorophyll
requirements obtained in 1995 suggest that food limi-
tation was improbable.

Several field studies indicate that the effect of tem-
perature is more important than the effect of chloro-
phyll on a seasonal scale, while spawning activity is
mainly related to ambient chlorophyll concentrations
on shorter time scales {e.g. Ambler 1985, 1986, Peter-
son 1985, Beckman & Peterson 1986, Kierboe et al.
1988, Uye & Shibuno 1992, Bautista et al. 1994). This,
however, was not so clear in our study, perhaps be-
cause neither temperature nor chlorophyll alone can
adequately predict egg production rates on a seasonal
scale (Rodriguez et al. 1995). On the other hand, the
low egg production rate obtained in late May 1995,
when chlorophyll peaked and temperature exceeded
18°C, indicates that these 2 factors are not sufficient
to fully account for egg production rate variations.
Many unknown factors such as the availability of non-
photosynthetic food might be involved. There are
reports stating that Acartia species prefer ciliates over
phytoplankton (Stoecker & Sanders 1985, Wiadnyana
& Rassoulzadegan 1989) and that their egg production
is enhanced by ciliate feeding (Stoecker & Egloff 1987,
White & Roman 1992, Lonsdale et al. 1996). In our case,
no information was obtained on non-photosynthetic
food. However, parallel experiments to determine
nanozooplankton herbivory in 1995 (Cotano et al
1998) indicate that heterotrophic protists peaked
together with phytoplankton biomass in late May,
just when the surprisingly low egg production rate
occurred.

Other possible sources of variability in daily per
capita rates of egg production include intrinsic changes
in adult female population, for example, variations in
the relative abundance levels of pre-reproductive,
reproductive and post-reproductive stages (Ohman et
al. 1996). Although this aspect was not analysed in
the present study, we found that females occurring in
late May 1995 clearly differed in mean weight (the
highest throughout the study period) when compared
with females of similar mean prosome length which we
sampled during other periods.

Egg production and female and egg sizes

The egg production rate was found to be indepen-
dent of female length and weight (nearly null correla-
tion). However, 1t is surprisingly that a weak (not sig-
nificant) and null relationship between female length
and weight and temperature was found in 1995, when
in contrast, there was a significant correlation between
female weight and chlorophyll. This might be at-
tributed, in part, to the lack of data for winter, when

the lowest temperatures and biggest females can be
expected. But these findings corroborate the supposi-
tion that, although temperature is a dominant factor
determining the size of copepods, food conditions
may also have a significant influence on body size, pri-
marily on length-specific body weight (Klein Breteler
& Gonzalez 1982, 1988). On the other hand, between-
year differences in the body size seasonal variation
pattern of Acartia bifilosa and other copepod species
have been also reported by Viitasalo et al. (1995), who
found that the inverse relationship between water
temperature and copepod body size may disappear in
an interannual context.

Egg size correlated positively with female size (with
both prosome length and weight), except for 1995 data.
Positive correlations between egg and female size in
copepods have been mentioned in the literature (e.g.
Uye & Shibuno 1992). As egg size correlated nega-
tively with temperature, this allows us to suppose that
egg size will be significantly larger in winter, when the
annual minimum temperature is expected. The fact
that egg size also correlated negatively with egg pro-
duction rate and specific egg production (statistically
significant for the total data set), agrees with the repro-
ductive strategy of directing more energy towards egg
size rather than egg number to increase reproductive
success when food availability decrease (Gisande et al.
1996).

Egg production and female energetic budget

In oceanic marine environments it is generally sug-
gested than phytoplankton ingestion cannot satisfy
carbon demands in copepods (and mesozooplankton in
general) which need to derive energy from food other
than phytoplankton to sustain egg production and
metabolism (Baars & Fransz 1984, Dam et al. 1995,
Prestidge et al. 1995, Zhang et al. 1995). The same is
suggested for Acartia bifilosa in the large turbid estu-
ary of Gironde (Irigoien et al. 1996). However, based
on the range of values for egg production and esti-
mates of respiration and phytoplankton ingestion/
assimilation we support the hypothesis that A. bifilosa
was not food limited in the estuary of Mundaka, at
least not during the spring-summer-autumn periods
analysed.

Assuming a C:chl of 50, the calculated amount of
phytoplankton carbon ingested by carbon body weight
(mean: 323%, range: 200 to 600 %) was much higher
than values reported for this species in the Gironde
estuary (Irigoien & Castel 1995), and for other Acartia
species under laboratory and field conditions (Kierboe
et al. 1985, Durbin & Durbin 1992, Wlodarczyk et al.
1992), but in the same range of maximum ingestion
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rates obtained for A. tonsa under standardized temper-
ature and food conditions (Thompson et al. 1994). The
total carbon ingested as phytoplankton could not sat-
isfy the estimated daily carbon demands if the lowest
C:chl ratio found in the literature (C:chl = 20) is
assumed. In such a case, limitation also seems improb-
able taking into account the fact that the assimilation
rate in copepods seems to be inversely related to food
availability and may be as high as 80% at low food
levels (Kisrboe et al. 1985). Moreover, a hypothetical
carbon deficit from phytoplankton ingestion might be
easily made up by ingestion of small zooplankton
or detritus. The ingestion of heterotrophic nano- and
microplankton by Acartia species, including A. bifi-
losa, is well documented (e.g. Stoecker & Sanders
1985, Wianyana & Rassoulzadegan 1989, White &
Roman 1992, Gasparini & Castel 1997).

The amount of carbon spent on reproduction by
Acartia bifilosa females in the estuary of Mundaka
during the study period (equivalent to 10-60% of body
carbon daily) falls into the range of values observed in
the literature for the congeneric species A. tonsa in
other estuarine habitats (Ambler 1985, Kigrboe et al.
1985, Kleppel 1992).

Egg production and population development

The finding of higher egg production rates in spring
and higher population densities in summer suggests
that there is a temporal mismatch between reproduc-
tive rate and population abundance for Acartia bifilosa
similar to that described for other copepods (lanora &
Buttino 1990, Ianora et al. 1992). This seasonal pattern
of egg production and abundance for A. bifilosa in the
polyhaline region of the estuary of Mundaka also
agrees with the statement by Kierboe & Nielsen (1994)
that—based on the coincidence of the vernal increase
in biomass with the spring production burst—copepod
biomass is related to the seasonal variation in copepod
production.

Between-year differences in abundance levels and
temporal variations, however, indicate that not only
the reproductive rate but also other causal agents were
necessary to explain the observed population changes.
The absence of individuals in April 1994 could be at-
tributed to advective losses during the period of high
precipitation. Salinity zonation corroborated a sudden
seaward displacement of low salinity water in the estu-
ary due to the effects of a river flood. In fact, oligo-
haline waters (0.5 to 5%.) filled the inner half of the
estuary, and polyhaline waters reached the mouth at
high tide on 19 April. Under such conditions, the tidal
exchange also favours the transport of autochthonous
zooplankton outward from the estuary, since the mean

tidal prism:volume ratio is higher than 1 in this system
(Villate et al. 1989). Given that Acartia bifilosa is a
resting egg spawner (Viitasalo 1992b), the population
seems able to recuperate in the water column by
hatching from sediments, although the annual de-
velopment in 1994 appeared limited by the initial low
population density in spring. In contrast, the decline in
the A. bifilosa population in mid-summer 1995 cannot
be attributed to hydrological perturbations. As the
most noticeable event in this period was the high
abundance of the mysid Mesopodopsis slabberi in the
polyhaline region of the estuary, we suppose that the
decrease in A. bifilosa was due mainly to predation.
Mysids may exert high predation pressure on copepod
nauplii, copepodites and adults and control popula-
tions of brackish copepod species (Aaser et al. 1995,
Jerling & Wooldridge 1995}. M. slabberi was also pre-
sent in 1994 but at a much lower density than in 1995,
most likely as a result of the high hydrological in-
stability in early spring 1994 that also affected the
annual development of A. bifilosa.

CONCLUSIONS

The egg production by Acartia bifilosa in the estu-
ary of Mundaka was found to be higher in spring, but
temperature and phytoplankton biomass (stated as
chlorophyll content) were insufficient to fully account
for its variations. The relationship between egg pro-
duction rate and temperature seems to be better
expressed by a polynomial function rather than by a
linear function. Changes in phytoplankton biomass
and egg production did not show a consistent rela-
tionship, probably because algal food availability is
usually above limiting levels or because food other
that phytoplankton was consumed. A relationship
between fertility and female size was not proved on a
seasonal scale, perhaps due to the lack of data for
winter. However, a likely relationship between egg
production and egg size was observed, suggesting
that under unfavorable conditions egg production
decreases but egg size increases. Population maxima
in summer followed spring maxima in egg production,
both decreasing in autumn. However, the observed
between-year differences suggest that both fertility
and population growth patterns may be hard to pre-
dict in this estuary due to the year-to-year variability
in environmental conditions.
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