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Summary

The main purpose of this study was to estimate the distribution, production and production/
biomass ratio values of Acartia clausi, one of the most representative taxa of the Copepoda
community in the Mondego estuary. The following biomass/length relationship was estimated for
specimens of Acartia clausi: AFDW = 2.27 BL**!. Length-weight relationships were used to
estimate production taking into account cohort growth and mortality. The annual production was
calculated at 63.44 mgC m™*y" and the production/biomass (P/B) ratio was estimated at 25.50.
These results indicate that Acartia clausi may play a significant role in transferring energy to
higher trophic levels in the Mondego estuarine system.

Key words: Acartia clausi, biometry, image analysis, production, zooplankton, estuaries

Introduction

Copepoda (Crustacea) comprise the most abundant
taxa of the estuarine and marine zooplankton (Omori_
and Ikeda, 1984; Kennish, 1990; Mackas, 1992;
Sautour and Castel, 1995). There they act as an effi-
cient and direct path for energy transfer to higher
trophic levels (Bond, 1994; Williams et al., 1994) and
contribute substantially to the downward flux of
organic material (Feinberg and Dam, 1998).

Biomass estimates for copepoda species in an
estuarine ecosystem provide useful information on the
energy flux, and such measurements are essential in

ecological studies. For zooplankton, the literature
reports suitable coefficients, which, starting from linear

- measurements of body dimensions (Tackx et al., 1995),

reveal the weight or carbon contents of the specimens
studied (Krylov, 1968; Pertsova, 1966; Shmeleva,
1965; Uye, 1982). These studies have become easier to
carry out thanks to image analysis methods (Christou
and Verriopoulos, 1993; Jeffries, 1998).

"The copepoda community of the Mondego estuary
is dominated by the Acartia genus (Copepoda: Cala-
noida) (Azeiteiro et al.,, 1999, 2000; Vieira et al.,
2003). Acartia clausi Giesbrecht is a euryaline
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temperate-boreal species (Lee and McAlice, 1979) very
common in the Portuguese coastal ecosystems — in
both estuarine and coastal waters (Morgado, 1997,
Azeiteiro et al., 1999, 2000; Pardal and Azeiteiro,
2001; Vieira et al., 2003). 4. clausi has been identified
as a common copepod in the Mondego estuary
(Azeiteiro et al., 1999, 2000; Vieira et al., 2003) that is
present in the plankton throughout the year (Azeiteiro
etal., 1999, 2000; Vieira et al., 2003).

The main purpose of this study was to estimate the
distribution, production and production/biomass ratio
values of 4. clausi.

Materials and Methods

Study site

The Mondego River estuary, located on the Portu-
guese west coast (40°08'N, 8°50’W), has an area of
3.3 km? and a volume of 0.0075 km’. The hydrological
basin of the Mondego, with an area of 6670 km?,
provides an average discharge of 8.5%x10° m’s™'. The
circulation in the south arm of the estuary (where the
sampling station is located) depends on the tides and in
a much smaller amount on the freshwater discharge
from a tributary, the Pranto River, which is controlled

by a sluice located 3 km from the confluence with the -

Mondego River. The sampling station was located in
the southern arm of the estuary (Fig. 1), closest to the
mouth of the estuary.

Determination of environmental parameters

Water samples were taken monthly, from July 1999
“to June 2000; and salinity, temperature, dissolved
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Fig. 1. Map of the Mondego estuary showing the location of
the sampling station in the south arm,
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oxygen and pH were measured in situ. Samples were’
also analysed in the laboratory (in triplicate) (Bacelar-
Nicolau et al., 2003) for their content in nitrate, nitrite,
ammonium, phosphate and chlorophyll a concentration
(Strickland and Parsons, 1972).

Zooplankton sampling

Samples were taken monthly from July 1999 to
June 2000. Sub-surface samples were collected during
high spring tides using two different nets, 63 and
125 mm mesh size net, in order to obtain samples con-
tained organisms with the wide size spectrum (Vieira et
al., 2003).

Data analysis

Multivariate regression analysis (STEPWISE) was
applied to find an explanatory model for the dynamics
of the A. clausi population in terms of the environ-
mental parameters monitored (temperature, salinity,
dissolved oxygen, pH and chlorophyll a).

Production study methodology

A. clausi individuals were counted and measured by
imagé analysis (Billones et al., 1999; Tackx et al.,
1995). The conversion to biovolumes and to carbon
weights was done by the expressions and using the
conversion factors given by Billones et al. (1999).
Body volumes were calculated from lengths and width
measurements as an ellipsoid using the following

formula:
L(w)?
212

where V; is the volume of body, # the width of body,

and L is the length of body, converted into carbon

weight using the following conversion factors:

* 10° mm’ body volume = 1 mg wet weight (Omori
and Ikeda, 1984)

» dry weight =20% wet weight (Billones et al., 1999)

+ carbon weight = 45% dry weight (Heinle et al.,
1977; Bernard, 1958).

The relationship between total length and ash-free
dry weight (AFDW) was also established and used in
production estimates.

Growth (2,) production for each cohort’ for agiven
time interval was estimated as:

P [W t+1 ](Whl Wt) for n,t+l>W
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where N is the number of individuals from a cohort at
each sample date, W the mean individual biomass for
each sample date, and ¢ and 1 the consecutive
sampling dates (Allen, 1971).

Total value of P for each cohort is expressed as:

P,= 2; [V, +N,..) 2| AW

where n is the sampling month. The total production
for the population (P) is expressed as:

P=} P,

The P/l_? ratio was determined. Mean population
- biomass is expressed as:

— N A
'B=(1/T)§ (8,x1)

where 7'is the period of study, N the number of cohorts
in period. T, B, the mean biomass of the cohort » and
t the duration of the cohort 7.

Results

Seasonal variation in environmental variables

The environmental parameters over the 11-month
study (July 1999-June 2000) are shown in Table 1.

Acértia clausi abundance

The'-copepoda 63 pm taxocenosis, in terms of
species composition, was dominated by estuarine and

estuarine/neritic copepods, 4. clausi being one of the
most abundant species, including adult and copepodits.
A. clausi copepodit abundance varied significantly
throughout the months of the year (0.05>P>0.01) and
presented high densities in January (2331 ind.m™*) and
April (1623 ind.m™) (Vieira et al., 2003). The cope-
poda 125 pm taxocenosis, in terms of species compo-
sition, was also dominated by estuarine and estuarine/
neritic copepods, the adults of A. clausi being one of
the most abundant species. 4. clausi adults presented a
peak of abundance in April (560 ind.m™) (Vieira et al.,
2003).

Multiple regression analysis

Multiple regression analysis (STEPWISE) (r =
0.990; * = 0.981) (Table 2) indicated that the
abundance of 4. clausi increases with increasing
salinity and temperature. ‘

Length-weight relationships

The following biomass/length relationship was
estimated for specimens of 4. clausi (Fig. 2): AFDW =
2.27 BL** with an 7* of 0.5817, provided from 251
individuals measured and weighed. Size-frequency
polymodal distributions were analysed for Acartfia
clausi recognisable cohorts (Fig. 3).

Production
Length—weight relationships were used to estimate

production taking into account cohort growth and
mortality. The annual production was calculated at

Table 1. Environmental parameters (temperature, salinity, pH, oxygen dissolved saturation %, NO;, NO;, NH,, PO}' and
chlorophyll a values) from the monthly annual sampling cycle in the south arm of the Mondego estuary, between July 1999

and June 2000

Temp., Salinity, pH % DO, NO, NO,, NH,, PO,, Chlorophyll a

°C %o mgL? mgL’! mgL™! mgL™!
Jul 18.9 24.5 8.2 80.0 0.006 0.065 0.002 0.004 0.605
Aug 20.0 23.0 8.1 94.0 0.006 0.058 0.008 0.004 0.415
Sept 19.1 25.0 8.3 86.0 0.006 0.051 0.015 0.004 0.250
Oct 16.9 27.0 7.6 80.5 0.009 0.085 0.003 0.003 1.080
Nov 16.8 31.1 7.9 684 0.007 0.073 0.007 0.003 0.670
Dec 11.8 17.9 7.8 69.5 0.005 0.061 0.010 0.003 0.260
Jan 119 232 79 89.5 0.005 0.129 0.032 0.003 0.190
Feb 14.1 29.7 79 99.4 0.008 0.16 0.045 0.004 0.340
Mar — —_ _ _— — — _ — —
Apr 14.2 31. 7.5 85.0 0.008 0.171 0.040 0.003 0.810
May 15.8 21.1 7.7 97.4 0.007 0.178 0.034 0.003 0.740
Jun 18.0 26.1 8.2 66.0 0.012 0.091 0.093 0.003 0.620
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Table 2. Variables in the equation of multiple regressions for  63.44 mgC m™y™' and the production/biomass (P/ B)
the variation of the abundance of Acartia clausi over the  ratio was estimated at 25.50.
sampling period (r = 0.990; 7* = 0.981) (P<0.0001)

Variables Regression  Standard deviation of the Discussion

coefficient _regfession coefficient The distribution patterns of the environmental
Chlorophylla -0.308 0.110 parameters observed are mostly in agreement with
DO -0.006 0.066 previous studies (Bacelar-Nicolau et al., 2003). During
pH -1.008 0.047 the study period, 4. clausi was positively correlated
Salinity 0.033 0.067 with salinity and temperature according to the species
Temperature _ 0.020 0.085 preferences (Alcaraz, 1983).
Table 3. Copepoda production and production/biomass ratio values data
Species Reference - . ’ Study Methods P (annual) P/B

site '
Acartia spp. Hirst et al., 1999 1 Weight 17.62mgCm™ y!
Acartia bifilosa Irigoien and Castel, 1995 2 Size ‘ 28
Acartia spp. : Escaravage and Soetaert, 1995 3 Growthrate SgCm?y’
Copepoda Hirst et al., 1999 1 Weight 322mgCm3y?!
Eurytemora spp. Escaravage and Soetaert, 1995 3 Growthrate 6gCm?y!
Paracalanus parvus and Hirst et al., 1999 1 Weight 1.67 mgCm?y"!
Pseudocalanus elongatus

Temora longicornis Hirstetal., 1999 1 Weight 477mgCm3y!
Acartia tonsa . Pastorinho et al., 2003 4 Cohorts 23mgCm3y"! 29
Acartia bifilosa var inermis  Vieira et al., 2002 4 Cohorts 43.12mgCm>y"' 11

Sites: 1 Coastal station, Solent, UK; 2 The Gironde, SW Fr‘gnce; 3 Westerschelde estuary, The Netherlands; 4 Mondego
estuary, Portugal,
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Fig. 2. Regression model for biomass—length relationshipsof  Fig. 3. Estimated growth of Acartia clausi cohorts, average
Acartia clausi in the Mondego estuary. Correlation coeffi-  total length + standard deviation during the study period.
cient (#?) is indicated.
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Table 4. Number of generation’s values

No. of Study site Reference

generations

2 Occidental Atlantic  Deevey, 1971

34 Adriatic Sea Vucetic, 1957

4 Roscoff Razouls, 1965

4 Long Island Sound  Conover, 1956

5 Plymouth Digby, 1950

6,7 Sebastopol Greze and Baldina,
1972

8 Black Sea Porumb, 1968

9 Karadag Tchaianova, 1950

Continuous  Mediterranean Bernard, 1958

The morphometrics (Christou and Verriopoulos,
1993) and production value estimated in this study are
in accordance with values reported by other authors
(Table 3) to the species, the genus and other Copepoda
species. The P/B value obtained has given us an
expected modal turnover rate (Valiela, 1995; Banse
and Mosher, 1980). This value means that, although
the biomass of small-sized species may be small, the
higher specific production makes them important pro-
ducers. The obtained results indicate that 4. clausi may
play a significant role in transferring energy to higher
trophic levels. Although production by nauplii is not
included in the present study, this does not typically
exceed 25% of copepad total production (Liang et al.,
1996; Liang and Uye, 1996). a

Most copepods reproduce throughout the year. The
cohorts represent the maximum of generations possible
and the duration of the cohorts represents the longevity
of the generations (Binet, 1977). Copepoda life cycles
in temperate regions have an average of 25 to 45 days.
In temperate regions adult longevity rarely exceeds
2 months (Gaudy, 1972). In our study seven annual
growth generations were found. Similar results were
reported for other systems at the same latitude
(Table 4: Plymouth, Digby, 1950; Sebastopol, Greze
and Baldina, 1972 and Black Sea, Porumb, 1968); in
the same table a clear latitudinal variation is evident.
The most notable aspect different in this study is the
longer longevity found in the Mondego estuary, also
attributable to other species of the genus (4. fonsa and
A. bifilosa var inermis) found in the estuary
(Pastorinho et al., 2003; Vieira et al.,, 2002). Both
temperature and food availability are known to play a
significant role in copepod production activity and life
cycle (Klein and Gonzalez, 1988; Kleppel, 1992).
Biological cycle and annual generations depend on
latitude, temperature and trophic availability (Gaudy,

1972) and in the Mondego estuary temperatures never
were behind 10°C; chlorophyll a concentration was
always high. These two factors should explain the
A. clausi biological cycles features in the Mondego

estuary.
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