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INTRODUCTION 20 21

Maintenance and fitness optimization of copepod populations in macrotidal estuaries is a complex 22 process because of the highly dynamic environment, leading to frequent variations in environmental 23 conditions which can be considered as real selection pressures. Alternating tides reconfigure the 24 local estuarine hydrodynamics and are responsible for variations in freshwater and seawater inputs, 25 leading to important and rapid changes in salinity which local populations of copepods have to face.

26

Salinity is a major factor affecting the ecology of estuarine copepods, driving the spatial distribution 27 of species (Collins and Williams, 198;Roddie et al., 1984;Soetaert and Van Rijswijk, 1993; 28 [START_REF] Laprise | Environmental variability as a factor controlling spatial patterns in 377 distribution and species diversity of zooplankton in the St. Lawrence Estuary[END_REF]Mouny and Dauvin, 2002;David et al, 2005) and affecting life history 29 traits [START_REF] Holste | The effects of temperature and salinity on egg production and 363 hatching success of Baltic Acartia tonsa (Copepoda: Calanoida): a laboratory investigation[END_REF]Calliari et al., 2006;Chen et al., 2006;Devreker et al., 2009; 30 Beyrend-Dur et al. 2009).

31

The calanoid copepod Eurytemora affinis (Poppe, 1880) is one of the commonest species in most 32 European and North American estuaries (Winkler and Grieve, 2004) and often dominates the 33 zooplankton community in the low to medium salinity zone [START_REF] Lawrence | Estuarine calanoid copepod abundance in relation[END_REF]. In the Seine 34 estuary, E. affinis is the dominant species in the oligohaline and mesohaline zones throughout the were made for each reproductive stage (male, non ovigerous female, ovigerous female) at each 92 salinity condition, to compensate for inter-individual variability (Seuront et al., 2004). During of trajectories ranging from 60 to 143 were considered for the data analysis (Table I). Such an 106 important difference in the trajectory numbers came from the different overall activities observed 107 between the replicates, with concordance neither with salinity nor sex. Total data number (i.e.

108 number of values of instantaneous speed between two successive positions) ranged from 90433 to 109 302478 (Table I). The instantaneous speed was estimated as the distance between two successive positions of a 116 copepod divided by the time step of the camera. Its value v i was thus computed as: Gamma PDF, corresponding rather to a heavy-tailed distribution. The probability density functions 167 all exhibited a clear power-law trend and supported significant power-law fits (Table II). 4). Non-ovigerous females 201 exhibited lower (0.14 sec) and higher (0.24 sec) durations at salinity 5 and 30, respectively, 202 corresponding to higher and lower instantaneous speeds. Males showed an increasing duration (0.13 203 to 0.4 sec) from minimal to maximal salinity, inversely correlated with their swimming speed.

204

Ovigerous females did not show a minimal duration at salinity 5 but at 0.5 (0.13 sec). However, 

228

We found a marked effect of salinity on the swimming behavior of the three reproductive stages.

229

Maximum speed and activity were exhibited at low salinities then decreased at higher salinities. E. et al., 1984;Devreker et al., 2004Devreker et al., , 2007Devreker et al., , 2009)) 

  50 cm away from a Sony DCR camera (25 frames/sec) facing the tank. After 15 min of 90 acclimation, the recording began and finished after 30 min of filming. Four replicate observations 91

  93acclimation and after experiments, the temperature of the experimental vessel water was carefully 94 monitored and was almost constant (18-19°C).

  transferred to computer and cut into sequences of 5 min each (Adobe® 99 Premiere® Pro 2.0), allowing better running of the software used to extract the trajectories 100 (Labtrack v.2.1 ©Bioras). Only swimming paths in which the individuals were at least three body 101 lengths away from the walls parallel to the camera axis and from the surface and bottom were 102 considered. Trajectories with a duration shorter than 10 sec were similarly rejected. The coordinates 103 of the trajectories were extracted and combined into a 2D picture. Errors and artifacts resulting from 104 the extraction process were cleaned up. For each sex and at each salinity condition, a total number 105

  152p=0.002 for non-ovigerous females) (Figure1). The swimming speed of non-ovigerous females, 153 ovigerous females and males decreased when salinity increased between 5 and 30. At the extreme 154 condition of salinity 0.5, average speed dropped off for non-ovigerous females and ovigerous 155 females but not for males. Maximum speed was observed at salinity 0.5 for males and at salinity 5 156 for non-ovigerous females and ovigerous females.

Figure

  Figure2Ashows, as an example, the PDF of instantaneous speeds of E. affinis non-ovigerous

168Figure

  Figure2Bshows the PDFs of instantaneous speeds of E. affinis males at the five salinity conditions
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  Figure5Ashows, as an exemple, the duration of successive break events for E. affinis males at

  

  

  

  

  

Table I .

 I Van Rijswijk, P. (1993) Spatial and temporal patterns of the zooplankton in the 399 Westerschelde estuary. Mar. Ecol. Prog. Ser., 97, 47-59. Neomysis integer, and their predation on the calanoid copepod Eurytemora Number of trajectories -data for Eurytemora affinis non-ovigerous females, ovigerous 410 females and males, for the five salinity conditions tested.

	280 408	an analysis process which greatly differed from the one applied in Seuront (2006), with differences all S. Souissi's students who contributed to the maintenance of copepod cultures in the Marine Table and Figure legends
	281 409	in the rearing period, number of individuals per recording, feeding during experiments, salinity and
	282	temperature acclimation time, and trajectory numbers. Acclimation to salinity and temperature is
	283 411	known to be a critical element in osmoregulation capabilities and tolerance to salinity (Lance, 1963;
	284 412	Roddie et al., 1984), and differences in the acclimation process may have led to different responses
	285	to salinity variation. It is also difficult to compare behavioral and physiological responses of
	286	copepods originating from a continuous culture (Seuront, 2006) and from field (this study).
	287	Beyrend-Dur et al. (2009) discussed the effect of the number of generations (i.e. age of the copepod
	288	culture) on the life cycle traits of E. affinis maintained at different salinities and indicated a possible
	289	selection pressure in laboratory continuous cultures. Since copepods are known to behave
	395 396	F o r F o r differently in the presence of food (Tiselius, 1992; van Duren and Videler, 1995; Seuront and F o r F o r F o r variability in the swimming behavior of the sub-tropical copepod Oncaea venusta (Copepoda: Poecilostomatoida). Mar. Ecol. Prog. Ser., 283, 199-217. F o r
		P P P P P Seuront, L., Vincent, D. (2008) Increased seawater viscosity, Phaeocystis globosa spring bloom and P
		e e e e e e	
	400 401	e r e r e r e r e r Tiselius, P. (1992) Behaviour of Acartia tonsa in patchy food environments. Limnol. Oceanogr., 37, e r
	402	1640-1651.	R R R R R R
	403	e e e e e van Duren, L.A., Videler, J.J. (1995) Swimming behaviour of developmental stages of the calanoid e
	301 302 303 404 406	v i e v i e v i e v i e v i e copepod Temora longicornis at different food concentrations. Mar. Ecol. Prog. Ser., 126, 153-161. Winkler, G., Greve, W. (2004) Trophodynamic of two interacting species of estuarine mysids, v i e
	304 407	affinis. J. Exp. Mar. Biol. Ecol., 308, 127-146.	w w w w w w
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	239 309	as an experimental model to assess contaminant impacts on copepods, Cailleaud et al. (2007) NSC Taiwan project n° 17473 entitled "Study of behavioral activity and spatial and temporal
	240 310	investigated the effect of salinity on two biomarker enzymatic activities (i.e. acetylcholinesterase distribution of copepods in two contrasting ecosystems: temperate (France) and sub-tropical
		and glutathione S-transferase) and found maximal expression related to an optimal salinity range (Taiwan)". The authors are grateful to Michel Priem, Daniel Hilde and Dominique Menu for
	244 314		
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241

(i.e. at salinity 5 and 10), showing a physiological preference of E. affinis. The authors assumed an 242 increasing energy devoted to osmotic regulation and a decrease in energetic cost allocated to other 243 biological processes due to stressful salinity conditions. Modifications in metabolism when salinity 290

Vincent, 2008) 

and in order to avoid any possible synergistic effects of food and salinity, copepods

291

were not fed during our experiments. We assume that the behavioral response observed in this study 292 reflects the effect of salinity. Finally, because of the high inter-individual variability in copepod 293 behavior and also due to its sensitivity to experimental conditions, a high number of trajectories 294 should be considered.

295

In conlusion, the proposed metrics used in this study can be routinely applied to study the effects of 296 different external factors on copepod behavior. Further investigations are needed to compare E. 297 affinis responses with those exhibited by other species, contributing to a better understanding of the 298 ecology of copepods within estuaries. Such studies offer the hope of elucidating some of the key 299 factors driving the amazing inter and intra-specific behavior diversity displayed under different 300 environmental conditions. 311 helping with E. affinis sampling and culture maintenance, and to David Devreker for helping with 312 copepod sorting. The authors thank James E. Bron, Adam J. Brooker and Ted Wu for English 313 correction, and the two anonymous reviewers for their constructive comments. We are grateful to 397 Temora longicornis feeding and swimming behaviours. Mar. Ecol. Prog. Ser., 363, 131-145. 398 Soetaert, K., 405 Praunus flexuosus and

Table II .

 II Parameter values of the power-law fits adjusted to instantaneous speed probability density

	413		
	414	functions for non-ovigerous females, ovigerous females and males of Eurytemora affinis, for the
	415	five salinity conditions tested, of the type:	.
	416		

Table III .

 III Parameter values of the power-law fits adjusted to the probability density functions of 417 event durations for non-ovigerous females, ovigerous females and males of Eurytemora affinis, for Plot of the time duration of 10000 successive break events for Eurytemora affinis males

		F o r Fig. 5. (A.) F o r
		P P
		e e
		e r e r
		R R
		e e
		v i e v i e
	432	w w
	433	
	434	Fig. 3. Swimming state frequencies of Eurytemora affinis non-ovigerous females (A.), ovigerous
	435	female (B.) and male (C.), for the five salinity conditions tested. Break state: black; cruising state:
	436	grey.
	437	
		Fig. 4. Mean duration of break state (A.) and cruising state (B.) for Eurytemora affinis non-
	440	
	441	
		15 16

418

the five salinity conditions tested, of the type:

. Fig. 1. Mean instantaneous speed (mm/sec) of Eurytemora affinis non-ovigerous females (black 421 line, triangular symbol), ovigerous females (grey line, circular symbol) and males (light grey line, 422 cross symbol), for the five salinity conditions tested. 423 424 Fig. 2. (A.) Probability density functions of a Gaussian distribution (solid line, black), a Log-normal 425 distribution (solid line, dark grey), a Gamma distribution (solid line, light grey), and experimental 426 PDF of instantaneous speeds (dashed line, black) of Eurytemora affinis non-ovigerous females at 427 salinity 5. Theoretical PDFs were computed from distributions following the same parameters as the 428 experimental distribution. (B.) Probability density functions of instantaneous speeds, ranging from 429 6 to 40 mm.s -1 , of Eurytemora affinis males for the five salinity conditions tested (salinity 0.5: solid 430 line, black; salinity 5: dashed line, black; salinity 15: solid line, dark grey; salinity 25: dashed line, 431 dark grey; salinity 30: solid line, light grey). 438 ovigerous females (black, cross symbol), ovigerous females (grey, triangular symbol) and males 439 (light grey, circular symbol), for the five salinity conditions tested.

Table 1 .

 1 

	Salinity	0.5	5	15	25	30
	Non-Ovigerous Females	60 -96217	117 -131802	80 -151353	143 -302478	84 -132478
	Ovigerous Females	65 -90433	90 -118574	99 -127342	72 -155664	118 -260441
	Males	141 -11885	123 -146715	125 -178812	108 -243986	89 -213564

Table II .

 II 

			Salinity	a	b	R 2
	Non-Ovigerous	Females	0.5 5 15 25	2.7 2.9 3.1 3	1.4 2.2 2.4 2.3	0.95 0.96 0.95 0.91
			30	2.8	1.6	0.97
			0.5	3.2	3.3	0.95
	Ovigerous	Females	5 15 25 30 0.5	2.7 3.2 3.2 3.3 3.5 F 2 3.2 3.2 2.8 4.3 o r 0.97 0.95 0.94 0.96 0.93
	Males	5 15 25	2.9 2.7 2.9	2.8 1.3 2.1	0.96 0.75 0.92 P e
			30	3.4	2.6	0.96	e r
							R
							e
							v i e
							w
							18

Table III .

 III 

					Break			Cruising	
			Salinity	a	b	R 2	a	b	R 2
	Non-Ovigerous	Females	0.5 5 15 25	2.1 2.3 2.3 2.2	6.2 6.5 6.3 6.2	0.99 0.99 0.99 0.99	3.2 3.1 3.2 4.3	8.3 8.0 8.3 10.5	0.99 0.99 0.99 0.94
			30	2.2	5.9	0.99	3.4	8.6	0.99
	Ovigerous	Females	0.5 5 15 25	2.3 2.2 2.1 2.2 F 6.4 6.3 6.1 5.9 o F o F o F o F o r 0.99 0.99 0.99 0.99 r r r r	3.4 2.9 2.8 3.8	8.6 7.5 7.4 9.5	0.98 0.98 0.99 0.99
	Males	30 0.5 5 15 25 30	2.2 2.3 2.1 2.1 2.1 2.0	5.9 6.5 6.3 6.1 6.0 5.8	0.99 0.99 0.99 P P 420x186mm (259 x 259 DPI) 3.0 8.0 0.99 2.8 7.2 0.99 2.9 7.5 P P 390x191mm (300 x 300 DPI) P 0.99 0.99 2.6 6.9 0.98 0.99 3.2 8.4 0.99 0.99 2.8 7.6 0.99 e e r e e r e e r e e r e e r
						R e v i e w 218x188mm (259 x 259 DPI) R e v i e w R e v i e w 381x380mm (300 x 300 DPI) R e v i e w R e v i e w

400x186mm (300 x 300 DPI)
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maintenance in the Columbia River estuarine turbidity-maxima region.Mar. Biol., 129,[309][310][311][312][313][314][315][316][317] 

Mouny, P., Dauvin, J.C. (2002) Environmental control of mesozooplankton community structure in

temperature and individual variability on the reproduction of Eurytemora affinis (Copepoda; 353 Calanoida) from the Seine estuary: A laboratory study. J. Exp. Mar. Biol. Ecol.,368,[113][114][115][116][117][118][119][120][121][122][123] 354 Gaudy, R., Cervetto, G., Pagano, M. (2000) Comparison of the metabolism of Acartia clausi and A.