N

N

Zooplankton in the Schelde estuary (Belgium/The
Netherlands). The distribution of Eurytemora
affinis:effect of oxygen?

Ward Appeltans, Abdelhacq Hannouti, Stefan van Damme, Karline Soetaert,
Rik Vanthomme, Micky Tackx

» To cite this version:

Ward Appeltans, Abdelhacq Hannouti, Stefan van Damme, Karline Soetaert, Rik Vanthomme, et
al.. Zooplankton in the Schelde estuary (Belgium/The Netherlands). The distribution of Eu-
rytemora affinis:effect of oxygen?. Journal of Plankton Research, 2003, 25 (11), pp.1441-1445.
10.1093 /plankt/fbg101 . hal-01515571

HAL Id: hal-01515571
https://hal.science/hal-01515571
Submitted on 27 Apr 2017

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01515571
https://hal.archives-ouvertes.fr

OATAO

Cipen Archive Toulouse Archive Ouverte

OpenArchive TOULOUSEArchive Ouverte OATAO)

OATAO is an open access repository that collects the work of Toulouse researcl
makes it freely available over the web where possible.

This is an author-deposited version published hittp://oatao.univtoulouse.fr
Eprints ID : 4471

Tolink tothisarticle: DOI:10.1093/plankt/fbg101
URL : http://dx.doi.org/10.1093/plankt/fbg101

Tocitethisversion : Appeltans, Ward and Hannouti, Abdelhacq and
Van Damme, Stefan and Soetaert, Karline and Vanthomme, Rik and
Tackx, Micky Zooplankton in the Schelde estuary (Belgium/The
Netherlands). The distribution of Eurytemora affinis: effect of
oxygen? (2003) Journal of Plankton Research, vol. 25 (n° 11). pp.
1441-1445. ISSN 0142-7873

Any correspondenceoncerning this service should be sent to the repo
administrator; staff-oatao@listes-diff.inp-toulouse.fr




Z.ooplankton 1n the Schelde estuary
(Belgrum/'T'he Netherlands). 'The

distribution of Furytemora affins:
etfect of oxygen?

WARD APPELTANS'# ABDELHAQ HANNOUTI', STEFAN VAN DAMME?, KARLINE SOETAERT?, RIK VANTHOMME' AND
MICKY TACKX*

'ECOLOGY AND SYSTEMATICS LABORATORY (ECOL), FREE UNIVERSITY OF BRUSSELS, PLEINLAAN 2, B-1050 BRUSSELS, *DEPARTMENT OF BIOLOGY,
ECOSYSTEM MANAGEMENT RESEARCH GROUP, UNIVERSITY OF ANTWERP (UIA), UNIVERSITEITSPLEIN 1, B-2610 WILRIJK, BELGIUM,

SNETHERLANDS INSTITUTE OF ECOLOGY, CENTRE FOR ESTUARINE AND COASTAL ECOLOGY (NIOO-CEME), KORRINGAWEG 7, 4401 NT YERSEKE, THE
NETHERLANDS AND ‘LABORATOIRE D’ECOLOGIE DES HYDROSYSTEMES (LEH), UNIVERSITE PAUL SABATIER, BAT 4R3, 118, ROUTE DE NARBONNE, F—31062

TOULOUSE CEDEX 4, FRANCE

SPRESENT ADDRESS: FLANDERS MARINE INSTITUTE (VLIZ), VISMIJN PAKHUIZEN 4552, B-8400 OSTEND, BELGIUM

*CORRESPONDING AUTHOR: warda@vliz.be

During the 1990s, a spatial shift of the population of Eurytemora affinis (Copepoda, Calanoida)
Sfrom brackish water towards lower salinities in the Schelde estuary coincided with an increase in
oxygen concentration in the freshwater zone. Other ecological and hydrodynamic factors potentially
wfluencing the spatial distribution of the species did not change significantly in either zone, which
suggests that the E. affinis population actively responded to the change in oxygen concentration.

The calanoid copepod Eurytemora affinis (Poppe, 1880)
reaches its peak abundance during spring, when it
becomes one of the most abundant zooplankton species
in the brackish part of temperate estuaries. As such, this
key species constitutes an important food supply for
many fish, especially the most abundant species like
herring (Clupea harengus) and sprat (Sprattus sprattus)
(Maes et al., 2002), and for the mysid Neomysis integer. 1t
is commonly accepted that vertical migration allows
L. affiis to maintain its position in the estuary and avoid
being flushed out by net water distribution (De Pauw,
1973; von Vaupel-Klein and Weber, 1975; Pagano et al.,
1993). Its spatial distribution often seems to be con-
trolled by physical characteristics of the system, i.e. dis-
charge in the Ems (Peitsch et al., 2000), or entrapment in
the maximum turbidity zone (MTZ) in the Gironde
(Castel and Feurtet, 1986), which suggests that £. affinis
1s distributed in a rather passive way. On the other

hand, shallow waters and salt marshes act as important
breeding sites (De Pauw, 1973), and factors such as
salinity, temperature and oxygen (von Vaupel-Klein
and Weber, 1975; Vargo and Sastry, 1978; Davis and
Bradley, 1990), in addition to biotic factors such as
predation (Hostens and Mees, 1999; Maes et al., 2002,
2003), competition and food supply (von Vaupel-Klein
and Weber, 1975; Gasparini et al., 1999; Burdloff et al.,
2000), determine its population size.

Comparative research on the zooplankton distribution
in three European estuaries (Schelde, Ems and Gironde)
revealed that between 1989 and 1991, E. affinis occurred
at higher salinities in the Schelde (~9 p.s.u.) than in the
other estuaries, where it was found in the highest abun-
dance between 0 and 6 p.s.u. (Sautour and Castel, 1995).
De Pauw has already reported that during the years
1967-1968, the bulk of E. affinis in the Schelde estuary
occurred at ~9 p.s.u. (De Pauw, 1973). Eurytemora affinis



has been observed at salinities varying from 0 to 22.5 p.s.u.,
indicating their high tolerance and large osmoregulatory
capability for various salinities (von Vaupel-Klein and
Weber, 1975; Lee, 1999). Nevertheless, this displace-
ment from the apparent optimum salinity zone in
other estuaries was explained by the unfavourable oxy-
gen conditions in the Schelde, where this low-salinity
zone 1s situated around the port of Antwerp (Soetaert
and Van Rijswijk, 1993; Van Damme et al., 1995). Of
interest herein is that although E. affinis can tolerate low
oxygen concentrations (<1 mg dm ™) (Vargo and Sastry,
1978; Davis and Bradley, 1990), it has also been demon-
strated that its tolerance to low oxygen concentrations
decreases at lower salinities and higher temperatures
(Vargo and Sastry, 1978).

Besides the commonly observed general scarcity of
zooplankton in the freshwater zone (Soetaert and Van
Rijswijk, 1993; Sautour and Castel, 1995), this zone was
characterized by a paucity of many other organisms. For
example, Mees e al. mentioned a complete absence of a
local hyperbenthic community around Antwerp in the
early 1990s (Mees et al., 1995). However, thanks to water

purification efforts, yearly average oxygen concentra-
tions improved from <2 mg dm ™ during the 1970s to
6 mg dm ™~ by the mid-1990s (Van Damme ¢ al., 1999).
This study compares spring abundances of adult
E. affinis to investigate whether or not the increasing
oxygen concentrations have any significant effect on its
spatial distribution.

Zooplankton were sampled monthly for two periods at
a number of stations between Vlissingen (km 0) and
Antwerp (km 78.5 from Vlissingen) (1989-1991), and
between Bath (km 57.5) and Ghent (km 160) (1996—
1998) (Figure 1). Bath, which is situated in the brackish
water zone with a salinity range of 6-16 p.s.u., and
Antwerp, with a salinity range varying between 0.5
and 6 p.s.u., were the only stations common to both
sampling periods. During the first period, water was
pumped at 2.5 m below the surface, 2.5 m above the
bottom and mid-depth and poured over a 55 pm mesh
to collect the zooplankton, which were subsequently
fixed in a 4% formaldehyde solution. The samples
were pooled and zooplankton were separated from hea-
vier material using ludox prior to counting under a
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Fig. 1. Map of the Schelde estuary indicating the main salinity zones and the sampling stations. Vlissingen, Bath, Antwerp and Ghent are at

km 0, km 57.5, km 78.5 and km 160, respectively.



binocular microscope. A more detailed description of the
sampling method is given by Soetaert and Van Rijswijk
(Soetaert and Van Rijswijk, 1993). During the period of
1996-1998, 50 I of water were taken at the surface,
filtered through a 50 pm plankton net and zooplankton
were fixed in a 4% formaldehyde solution. No ludox
separation was applied before counting the zooplankton
species abundance.

When comparing the E. affinis abundance taking the
months March, April and May as one dataset (Table I),
we observed a significantly higher abundance at Bath
than at Antwerp during 1989-1991 (Mann—Whitney,
P < 0.01), whereas during 1996-1998 a higher abun-
dance was observed at Antwerp than at Bath (Mann—
Whitney, P < 0.01). In addition, the abundance of adult
E. affinis was significantly correlated with oxygen con-
centration at Antwerp (Spearman rank, P < 0.05), but
not at Bath. The increase in abundance at Antwerp
between 1996 and 1998 compared with that in 1989—
1991 was several orders of magnitude (Figure 2). This
strongly suggests a threshold oxygen concentration of
between 0.6 and 1.6 mg dm ™ rather than a continuous
response. It seems likely that the specimens observed
in May at Antwerp at oxygen concentrations below
0.6 mg dm™~* were merely a remainder of the March—
April populations. The shift of the population from
the brackish to the freshwater zone is clearly visible in
Figure 2.

Remarkably, the peak abundance at Antwerp has
never attained the same levels as those previously
observed in Bath. This could be due to the difference
in sampling method (sampling at different depths in the
first period) or to the fact that the population has spread
out (with lower local abundance), whereas in the past it
was concentrated to a limited zone around Bath. Abun-
dance data from the freshwater zone show that during
1996 and 1998 E. gffinis extended its distribution to at
least 111 km from Vlissingen (Figure 2). Not only
E. affimis, but also mysids, appear to follow this trend
(N. Fockedey, personal communication).

Besides the fact that FE. affinis clearly occurred in
Antwerp between 1996 and 1998, more surprising is its
quasi-disappearance from Bath, although oxygen con-
centrations at this site remained fairly constant, or even
improved slightly in comparison with 1989-1991.

In contrast to oxygen concentrations, other factors
potentially influencing the population’s position did not
alter significantly. River discharge at Schelle (km 96)
during the two periods was not significantly different
(Table I). Discharge in the Schelde estuary is relatively
low (~100 m” s™!) compared with the Gironde and Ems,
where it reaches levels of ~800-1000 and 1100 m® sfl,
respectively (Gasparini, 1997). The effect of discharge is
likely to be more important in these estuaries. Salinity
during sampling at the two stations did not show any
systematic or significant difference during the two periods,

Table I: Adult E. affinis abundance and environmental _factors during the periods 1989—1991 and
19961998 at stations Bath (B) and Antwerp (A)

Abund. (B) Abund. (A) O, (B) O, (A) Discharge SPM (B) SPM (A) POC (B) POC (A) Chla(B) Chla(A) ps.u. (B) p.s.u. (A)
1989-04-09 58 000 0 22 09 205 556 3475 237 215 25 13.9 7.06 071
1989-05-19 36 160 20 2 99 ? ? ? ? ? ? ? ?
1990-03-02 1340 80 45 16 88 257 2179 078 099 1.1 33 13.53 3.70
1990-04-26 2440 0 40 06 8 2458 3640 881 277 76 330 11.47 0.86
1990-05-28 40 160 74 06 39 1629 7 068 2 20 44.6 15.97 3.40
1991-03-14 11 340 0o 7 ? 126 ? ? ? ? ? ? 9.37 0.83
1996-03-12 300 1960 86 37 9% 66 101 210 670 13 38 11.75 2.30
1996-04-10 100 8640 69 27 59 57 % 201 484 14 1.0 12.22 6.24
1996-05-08 100 320 65 04 65 64 114 217 633 181 6.0 14.77 4.79
1997-03-05 380 4680 7.1 43 121 50 84 190 508 7.7 10.5 7.50 2.60
1997-04-02 0 14440 7 22 % 4 31 165 206 58 5.2 11 5.10
1997-05-28 0 680 61 04 80 59 101 195 629 233 445 10 3.50
1998-03-24 1100 10200 62 42 136 84 43 418 221 44 25 6.90 2.30
1998-04-22 160 12400 52 1.8 171 47 52 188 342 59 8.7 5.90 1.50
1998-05-19 640 1320 58 19 53 65 44 313 271 13 12.9 10 5.40

Abundance (Abund.; ind m~2); dissolved oxygen concentration (O,; mg dm™); median river discharge over a 10-day period previous to the day of

sampling at Schelle (km 96) (dm® s™);

suspended particulate matter concentration (SPM; mg dm™); particulate organic carbon concentration (POC;

mg dm~2); chlorophyll a concentration (Chl a; pg dm~3); and salinity (p.s.u.; g dm~). Missing values are indicated by a question mark.
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Fig. 2. Monthly abundance (ind. m ) of adult E. gffinis in the Schelde estuary during spring 1989-1991 and 1996-1998. Data from station km
71.5 and further upstream at Antwerp (km 78.5) are lacking during the first period. During the second period, data from stations km 49 and 63 are

missing.

which moreover indicates that no effect of the tide at
sampling biased the results.

Furthermore, entrapment in the vicinity of the MTZ
is unlikely to be the case. In the Schelde estuary, sus-
pended particulate matter (SPM) concentrations are
relatively low (seldom >0.1 g dm™”), and a real MTZ
is difficult to assign (Mees ¢t al.,, 1995), it being rather
spread out from the Dutch-Belgian border to Antwerp
(Billiones, 1998). Soetaert and Van Rijswijk have already
mentioned that the load of SPM was less important to
the distribution of E. gffinis in the Schelde than in other
estuaries (Soetaert and Van Rijswijk, 1993). In contrast
to SPM, particulate organic matter (POC) did increase
significantly in Antwerp during 1996-1998 (Mann—
Whitney, P < 0.01) (Table I). However, the fertility
and food index of E. affinis are inversely correlated to
suspended and organic matter concentrations (Burdloff
et al., 2000), and thus in terms of food preference these
do not provide a causal explanation for this switch. It has
been shown that E. affinis feeds selectively on phyto-
plankton and is very seldom limited in this selection by
the ratios of phytoplankton/detritus occurring in the
Schelde estuary (Gasparini et al., 1999; Tackx et al.,
2003). Moreover, chlorophyll (Chl) a« concentrations
(Table I) and the ratios SPM/Chl a and POC/Chl a
were not significantly different between the stations nor
did they differ between the two periods.

Top-down control by fish and mysids is likely to
occur, and could happen at any time of the year. How-
ever, it has been postulated that the impact of fish on

these prey populations is rather low (Hostens and Mees,
1999) and so seems unlikely to be responsible for a near
disappearance of E. gffints stocks (Maes et al., 2002).
Anyway, average fish densities from the brackish part
of the Westerschelde between 1989-1990 and 2000-
2001 decreased from 0.25-0.45 individuals (ind.) m™?
to <0.15 ind. m~? (Hostens, 2003). However, these data
must be interpreted with care as other fish catches, and
more specifically those of herring and sprat, from 1991
to 2001 at Doel (km 62) do not show such a general
trend, but are subject to seasonal fluctuations (J. Maes,
unpublished data). Long-term data on mysids are lacking.
However, comparison of data from around Bath during
spring 1991 (Mees et al., 1994) and 1995 (Chavatte, 2001)
showed only a minor increase (from 25 to 36 ind. m™?).

Recent invasions of alien species, outcompeting

L. affinis, are a possible cause for the decline of E. affinis
in Bath. However, such occurrences have not been
observed (F. Azémar, unpublished data).

In conclusion, the increase in E. gffinis abundance at
Antwerp in 1996-1998 as compared with 1989-1991
does not seem to be related to any changes in environ-
mental conditions other than an increase in oxygen
concentration. No clear explanation can be found for
the simultaneous decrease or even disappearance of
E. affimis abundance in Bath, except for a switch to a
possibly more suitable salinity range. In fact, occurrences
of E. gffiis in fresh water are not uncommon: Lee
reported on >30 freshwater invasions globally in modern
times (Lee, 1999). Our findings corroborate those of Lee



(Lee, 1999), whereby shipping traffic, tidal currents and
fish migrations are possible ways to colonize new habitats.
As long as no reason is found for the disappearance of
E. gffinis in Bath, the scenario of an active mechanism
allowing the entire . gffinis population to move to, and
remain in, a new area within a relatively short time
(a few years) cannot be ruled out.

ACKNOWLEDGEMENTS

We would like to thank Dr Bregje Beyst, Dr Edward
Vanden Berghe, Irédéric Azémar, Dr Joachim Maes,
Nancy Fockedey and Victoria Galloway for putting
unpublished data at our disposal and for their valuable
comments on an earlier draft of the manuscript. Funds
came partially from the JEEP and the OMES project.

REFERENCES

Billiones, R. G. (1998) Spatio-temporal distribution of suspended par-
ticulate matter in the Scheldt estuary (Belgium) and interactions with
mesozooplankton. PhD Thesis, Free University Brussels, Brussels,
175 pp.

Burdloff, D., Gasparini, S., Castel, J., Etcheber, H. and Villate, F. (2000)
Particulate food value and its biological implication in estuarine eco-
systems: effects on Furytemora affinis copepod. Ozeanografika, 3, 203-215.

Castel, J. and Feurtet, A. (1986) Influence des matieres en suspension
sur la biologie d’un copépode estuarien: E. affinis hirundoides (Nordquist,
1888). Coll. Nat. CNRS “Biologie des Populations’, 391-396.

Chavatte, N. (2001) Het hyperbenthos van de Oosterschelde en de
Westerschelde: seizoenaliteit en patronen op middellange termijn.
[The hyperbenthos of the Oosterschelde and the Westerschelde:
seasonality and mid-long term patterns.] Unpublished MSc Thesis,
University of Gent, Gent, 148 pp.

Davis, R. M. and Bradley, B. P. (1990) Potential for adaptation of the
estuarine copepod Eurytemora affinis to chlorine-produced oxidant
residuals, high temperature, and low oxygen. In Jolley, R. L.,
Condie, L. W., Johnson, J. D., Minear, R. A., Mattice, J. S. and
Jacobs, V. A. (eds), Water Chlorination: Chemustry, Environmental Impact
and Health Effects, Volume 6: Proceedings of the 6th Conference on Waler
Chlorination: Environmental Impact and Health Effects. Oak Ridge, TN,
May 3-8, 1987. Lewis Publishers, Chelsea, MI, pp. 453-461.

De Pauw, N. (1973) On the distribution of Euytemora affinis (Poppe) (Cope-
poda) in the Western Scheldt estuary. Verh. Int. Ver. Limnol., 18, 1462—-1472.

Gasparini, S. (1997) Fécondité, régime alimentaire et production des
principaux copépodes planctoniques de quatre estuaires européens.
Unpublished PhD Thesis, University of Bordeaux, Bordeaux, 203 pp.

Gasparini, S., Castel, J. and Irigoien, X. (1999) Impact of suspended
particulate matter on egg production of the estuarine copepod,
E. affiis. J. Mar. Syst., 618, 1-10.

Hostens, K. (2003) The demersal fish and macro-invertebrate assem-
blages of the Westerschelde and Oosterschelde estuaries (Southern
Bight of the North Sea). PhD Thesis, University of Gent, Gent, xvi,
205 pp., 1 cd-rom.

Hostens, K. and Mees, J. (1999) The mysid-feeding guild of demersal
fishes in the brackish zone of the Westerschelde estuary. 7. Fish Biol.,
55, 704-719.

Lee, C. E. (1999) Rapid and repeated invasions of fresh water by the
copepod Eurytemora affinis. Evolution, 53, 1423-1434.

Maes, J., Tackx, M. and Soetaert, K. (2002) The predation impact of
herring and sprat on estuarine zooplankton in the Scheldt estuary. In
Meire, P., Van Damme, S. and Heip, C. (eds), ECSA Local Meeting:
Eeological Structures and Functions in the Scheldt Estuary: From Past to Future.
Abstract Book. Antwerp, Belgium, October 7-10, 2002. University of
Antwerp, Antwerp, 16 pp.

Maes, J., de Brabandere, L., Ollevier, F. and Mees, J. (2003) The diet
and consumption of dominant fish species in the upper Scheldt
estuary, Belgium. J. Mar. Biol. Assoc. UK, 83, 603-612.

Mees, J., Abdulkerim, Z. and Hamerlynck, O. (1994) Life history,
growth and production of Neomysis integer in the Westerschelde estu-
ary (SW Netherlands). Mar. Ecol. Prog. Ser., 109, 43-57.

Mees, J., Fockedey, N. and Hamerlynck, O. (1995) Comparative study
of the hyperbenthos of three European estuaries. Hydrobiologia, 311,
153-174.

Pagano, M., Gaudy, R., Thibault, D. and Lochet, F. (1993) Vertical
migrations and feeding rhythms of mesozooplankton organisms in
the Rhone river plume areas (NW Mediterranean Sea). Estuarine
Coastal Shelf Sct., 37, 251-269.

Peitsch, A., Képcke, B. and Bernat, N. (2000) Long-term investigations
of the distribution of E. affinis (Calanoida: Copepoda) in the Elbe
estuary. Limnologica, 30, 175-182.

Sautour, B. and Castel, J. (1995) Comparative spring distribution of
zooplankton in three macrotidal European estuaries. Hydrobiologia,
311, 139-151.

Soetaert, K. and Van Rijswijk, P. (1993) Spatial and temporal patterns
of the zooplankton in the Westerschelde estuary. Mar. Fcol. Prog. Ser.,
97, 47-59.

Tackx, M. L. M., Herman, P. J. M., Gasparini, S., Irigoien, X.,
Billiones, R. and Daro, M. H. (2003) Selective feeding of Eurytemora
affinis (Copepoda, Calanoida) in temperate estuaries: model and field
observations. Estuarine Coastal Shelf Sci., 56, 305-311.

Van, Damme, S., Meire, P., Maeckelberghe, H., Verdievel, M.,
Bourgoing, L., Taverniers, E., Ysebaert, T. and Wattel, G. (1995)
De waterkwaliteit van de Zeeschelde: Evolutie in de voorbije dertig
jaar. Water, 85, 244-256 (in Dutch).

Van, Damme, S., Ysebaert, T., Meire, P. and Van den Bergh, E.
(1999) Habitatstructuren, waterkwaliteit en leefgemeenschappen in
het Schelde-estuarium. Rapport IN, 99, 1-119 (in Dutch).

Vargo, S. L. and Sastry, A. N. (1978) Interspecific differences in
tolerance of Eurytemora affinis and Acartia tonsa from an estuarine
anoxic basin to low dissolved oxygen and hydrogen sulfide. In
McLusky, D. S. and Berry, A. J. (eds), Physiology and Behaviour of
Marine Organisms: Proceedings of the 12th European Symposium on Marine
Buology, Stirling, Scotland, September 1977. European Marine Biology Sympo-
sia, 12. Pergamon Press, Oxford, pp. 219-226.

von, Vaupel-Klein, J. C. and Weber, R. E. (1975) Distribution of
Eurytemora affinis (Copepoda: Calanoida) in relation to salinity: field
and laboratory observations. Neth. J. Sea Res., 9, 297-310.



