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Using a comparative approach, the reproductive strategies 
of sardines, anchovies and sardinellas in twelve upwelling areas 
over the Atlantic, Indian and Pacific Oceans are investigated in 
relation with major environmental processes affecting 
recruitment success. The main reproductive habits are 
identified, in each area and for each species, based on an 
extensive survey of the literature. From this, the main spawning 
grounds and the months corresponding to the peaks of the 
spawning season are identified. The monthly mean values of 
upwelling intensity and of wind speed are calculated in each 
spawning grounds using data from the Comprehensive Ocean 
Atmosphere Dataset (COADS). A comparison, between areas, 
of the value of these environmental parameters during the 
peaks of t he  spawning season is performed. Off Peru, 
spawning occurs when the intensity of upwelling is maximum 
(1.8 m3/s/m). Off Morocco, reproduction is out of phase with 
the upwelling process (upwelling intensity is in the range of 
0.2-0.3 m3/s/m). Off Namibia, Chile and California, spawning 
occurs at intermediate values. Ir appears that the timing of 
the reproduction of sardines, sardinella or anchovies occurs 
over a wide range of upwelling intensity. There is no apparent 
link between the timing or the intensity of upwelling and the 
occurrence of the seasonal spawning peaks. A similar analysis is 
performed using the monthly values of wind speed during the 
seasonal spawning peaks. It turns out that for sardine and 
sardinella, reproduction occurs when the monthly values of 



wind speed are within a narrow window, bounded by 5.3 and 6.1 m/s for ten 
of the twelve upwelling ecosystems. The two outliers are the sardine 
popuhtions from the southern Benguela and the Iberian Peninsula. For 
anchovy, there is apparently little correspondence between the timing of 
reproduction and wind speed values. These results are discussed in the light 
of the 'optimal environmental window' concept of P. Cury and C. Roy, and a 
generalization of the spawning strategies of small pelagic fishes in upwelling 
areas is presented. 

A travers une approche comparative incluant douze régions d'upwelling 
des océans Atlantique, Indien et Pacifique, les stratégies de reproduction des 
sardines, anchois et sardinelles sont étudiées en relation avec les processus 
environnementaux majeurs affectant le succès du recrutement. Dans chaque 
région et pour chaque espèce considérée, une revue exhaustive de la 
littérature permet d'identifier les principales caractéristiques de la dynamique 
de reproduction. Les principales zones de ponte et les mois correspondant 
aux pics de la saison de reproduction sont ainsi identifiés. Les moyennes 
mensuelles de I'intensité de I'upwelling et de la vitesse du vent sont calculées 
dans chaque zone d e  ponte à partir d e  la base de données COADS 
(Comprehensive Ocean Atmosphere Dataset). Une comparaison des valeurs 
d e  ces paramètres environnementaux durant les pics d e  la saison d e  
reproduction est effectuée entre les différentes zones d'upwelling étudiées. 
Au large du Pérou, la reproduction a lieu lorsque I'intensité de I'upwelling est 
maximale (1,8 m3/s/m). Au large du Maroc, la reproduction est décalée par 
rapport au processus d'upwelling (I'intensité de I'upwelling se situe dans 
l'intervalle 0,2-0,3 m3/s/m). Le long des côtes de la Namibie, du Chili et de la 
Californie, la ponte a lieu à des valeurs intermédiaires d'upwelling. II apparaît 
que le calendrier de la reproduction des sardines, anchois et sardinelles, 
s'étale sur une large gamme d'intensité d'upwelling. II n'y a pas de lien 
apparent entre l'occurrence du processus d'upwelling et celle des pics 
saisonniers de reproduction. Une analyse similaire est effectuée en utilisant les 
valeurs moyennes de la vitesse du vent durant les pics saisonniers d e  
reproduction. Il en résulte que pour les sardines et sardinelles, la reproduction 
a lieu lorsque les moyennes mensuelles de la vitesse du vent sont comprises 
dans une étroite fourchette de valeurs de j ,3 à 6,l m3/s/m pour dix des 
douze écosystèmes d'upwelling étudiés. Les deux exceptions sont les 
populations de sardine du sud du Benguela et de la péninsule ibérienne. 
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Pour l'anchois, i1.y a apparemment peu de correspondance entre le calendrier 
de la reproduction et les valeurs de  la vitesse du vent. Les résultats sont 
discutés à la lumière du concept de la u Fenêtre Environnementale Optimale )) 
de P. Cury et C. Roy, et une généralisation des stratégies de reproduction des 
petits poissons pélagiques dans les zones d'upwelling est présentée. 

Located in the tropical or subtropical zones, coastal upwelling ecosystems represent less than 0,1% of the entire 
ocriianic surface but are pan of the most productive oceanic regions and are able to produce between 20 and 30% of the 
wcrldwide annual fish catches (Cushing, 1969; Ryther, 1969; Pauly and Tsukayama, 1987). Coastal upwelling ecosystems 
artn mainly colonized by small pelagic fishes such as anchovies, sardines or sardinellas. These fish populations are 
chiracterized by imponant annual fluctuations of their abundance. For instance, after a peak of production in 1970, the 
Pei.uvian anchoveta stock collapsed in 1972-1973 (Valvidia, 1978; Pauly and Tsukayama, 1987); similarly, Pacific sardine 
sutidenly disappeared from the fishery in the 1950s (Lasker and MacCall, 1983). Although these populations are usuallv 
sulimitted to strong fishing pressure, these variations of abundance appear mainly due to recruitment failure related to 
chinges in the marine environment (Kawasaki, 1983; Shepherd et al., 1984). Upwelling ecosystems are characterized by a 
verv high rate of primary production. An upwelling ecosystem is also a dispersive environment where panicles tend to be 
swri:pt away from the coastal environment by the wind-induced offshore drift. Persistent equatonvard winds also induce a 
strong and continuous mixing of the surface water column. These are some of the major characteristic of coastal upwelling 
eccaystems; they can have strong ecological implications. 

In :L recent synthesis of the major environmental processes affecting fish reproduction, Bakun (1996) identified three 
maior classes of processes that combine to yield favorable reproductive fish habitat. They are: 1) enrichment processes 
(upwelling or mixing); 2) concentration processes (convergence, fronts, stratification) and 3) retention processes that 
maintain eggs and larvae in the suitable habitat. Despite the high rate of production, the triad indicates that the offshore 
flow and the intense wind mixing that characterize upwelling ecosystems can create adverse conditions for larval survival 
ancl subsequent recruitment success. The migrations that some of the major small pelagic fish population undertake in 
orcer to find suitable reproductive habitat confirm that an upwelling ecosystem can be an adverse habitat for fish to 
reproduce (Hutchings, 1992; Bakun, 1996). However, small pelagic fish populations are quite successful: they are well 
known for being able to develop very important biomass in eastern boundary ecosystems. Comparative studies, in several 
up~velling ecosystems, of the reproductive strategy of fishes helped identify common key environmental processes for 
sm;ill pelagic fish reproductive strategy: sardine, sardinella and anchovy tend to avoid spawning in areas dominated by 
strclng offshore transport and strong wind mixing (Parrish et al., 1983; Roy et al., 1989). Reproductive strategies of small 
pelagics appear to be tuned to minimize the detrimental effects of the environment on larval survival (Bakun, 1996). 

The Optimal Environmental Window concept (OEW; Cury and Roy, 1989) provides a simple model for relating the 
upwelling process to larval survival and recruitment success. Roy et al. (1992) used the OEW to account for the difference 
between reproductive strategies of small pelagic fishes observed in several areas within the Canary Current upwelling 



ecosystem. These authors showed that off West Africa, there is no apparent relationship between the upwelling process 
and reproduction, but rather a striking correspondence between the timing of reproduction and the occurrence of wind 
speed of about j-6 m/s. Tnis range of wind speed corresponds to the optimal wind conditions defined by the OEW. We 
present here an attempt to generalize the results of Roy et al. (1992) to other upwelling areas such as the Benguela 
Current system, the California Current system, the Humboldt Current system and the Malabar coastal upwelling ecosystem 
off India. These upwelling areas constitute a unique opportunity to develop a comparative approach. They share 
fundamental characteristics: wind is the driving force of the upwelling process in these areas; they are colonized by closely 
related species, such as anchovies, sardines and sardinellas (Table l), which are al1 small-sized, and have fast growth, a 
short life span, an early maturation and very high fecundity. 

Svstem Dominant ciu~eoids 
~anarTcurren t 

- 

Sardina pilchardus 
~ardinella aurita 

Sardinella nzaderensis 
Engraulis encrasicollrs 

Benguela Current Sa rdinops oceila tus 
Engraulis capensk 

California Cu rrent Sardinops caeruleus 
Engraulis nlmdax 

Humboldt Curren t Sardinops sagax 
Engraulis nngens 

India, Malabar Coast Sardinella longiceps 
Sardinelia Jinzblia~a 

Table 1 : Species of coastal pelagic fishes studied in each upwelling area. 

1. BIOLOCICAL AND ENVIRONMENTAL DATA 

A review of the literature provides information on the reproductive seasons and locations for each spawning area and 
each species. Table 2 summarizes the information gained through this review. The identification of the spawning seasons 
results from a compromise between the information coliected. It can be considered as being, in average, valid for the 
period covering the 1950s to the 1990s. In some cases, data do not extend on a sufficiently long time interval. Then, some 
particular years are chosen to compare biological information and environmental data (Table 3). 

Environmental data are derived from the Comprehensive Ocean Atmosphere Dataset (COADS; Woodruff et al., 1987) 
using the software and CD-Rom produced for CEOS (Mendelssohn and Roy, 1996; Roy and Mendelssohn, this vol.). 
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ECi3SYSTEMS 
Spiiwning grounds -- Spawning seasons Rderences 
SARDINES 

CALPORNlA CURRENT 
Sardùaops m l m  
Soiirhem Califoniia Bight M A M I  
(30 ,wN) 
Bail Califomia (îG30°N) A 5 
CAIiIARï CURRENT 
Sardfna pilobardus 
Spain, Bay of Biscay - M A U  

mi .upl (37-41'~) 1 E M  N Q 

Mo r~cco (2830°N and 32-34"N) 1 F - D 

We lem Sahala (22-26"N) M A M  Q N D  

HUMBOLDT CURRENT 
Saràinops saga  
Pen8 (614"s) 

Chi e, Arica (1824's) 

BENGUELA CURRENT 
Sarhops ocdlahrs 
Wal . is Bay (2&24'S) I E M  

Wesieni Agulhas Baiik 1 F 
(34 SOS, l82O0S) 

Ahlstroni ( lm) ,  Rosa aiid lamastu (lW), Alilstroni 
(1367), hmsli  et al. (1981. 1383). 
Ahlsrmm (1367). 

\Vyatt aiid Ers-Gaiidam (1983). Sola (1987). lago de  
Laiizos el al. (1988), Sola et a l  (192). 
Ré (1981). Réel al. (1982), Figueiredo aiid hliguel 
Sanros ( lm) ,  Cuiilia aiid Figueiredo (lW), Ré el al (1%). 
Fumesriii and Fumes~iii (1959); h m s  li et al. (1983). 
Donuiievsky and Barkova (19?6), FA0 (1987). 

l A s o  Sliarp (1%0). Pairish et al. (1183), Muck et al. (1%7) 
Pamsii et al  (1383). 

1 8 S O  

S O N Marrhws (1360). Pams h et al. (1983). Le Clus (19%). 
Hutching (192). 

s O N D De Jager ( lm) ,  Rosa aiid Lamastu (1360) 
Pairish el al. (1383). 

CAEIARY CURRENT 
Sur W i a  aurlta 
hlauritania, Baiic d'Arguin (1822"N) 
Sou Iiem Salepl (12-lioN) 
INI)lA 
Sar.&ndia longiœps 
Mal. Inr Coast (816"N) 

1 A S  Coiiand (1977), Boëly et al. (1982), Fréoii (1%). 
Li 1 O N Conaiid (1977j, Boëly el al. (198?), Fréoii ( lm) .  

, I l A s  Nair (1959, l m ) ,  Rosa and iaevastu ( lm) ,  Aiiioiiy Raja 
(1 W), 
Loiigliurs t aiid Woos rer ( lm) .  

AN( HOVIES - 
CALIFORNIA CURRENT 
Engraulis mordax 
Sou1 hem California Bight 1 H A  Huiiter (1977), Lasker aiid Snu~li ( 19n  Snurli aiid 
(30.: i"N) Ricliardson (1977), Snudi and Lasker (19?8), Pairish et al 

(1981, 1383, 1986) 
Bal.! ICalifomia (?G30°N) F M A M  Sliarp (1980). 
Souihem Bala Califomia (22-26"N) J F M A Pams h et al (1383) 
CANARI' CURRENT 
Eng "aulis enuasiwlus 
hlonicco (2830"N and 32-34"N) 1 1 A  Fu~iiestiii alid Furiiesriii (1%')) 
HUMBOLDT CURRENT 
Engiaulis ringens 
Pem (614's) F M A 5 c! Valvidia (19?8), Sliarp (IW), Cusliiiig (1982). hirish et al 

(1!%3), Alha t et al (1984), Paul\! and Sonano (1983, 
hluck (198), Senocaket al (1989) 

Chilia Anca (1824"s) J A S 0  Pams h et al (1983) 
BENGUELA CURRENT 
Engraulis capensis 
Walv \ B q  (î&?4"S) I E M  Q Pdmsh el al (1%3), Le Clus (199), Hutchiiigç (1312) 
U r .  rc3m Agulhas Bank 1 F S Q N Q Sheltoii and Hutcliiiigs (1982), hirish et (il (1953) 
(3430'S, 182OoE) Hurcliing (1%2), Waldron et al (192) 



SARDINES ANCHOVIES 

Baja California 1952-1959 Southern Baja California 1970-1990 
Spain 1980-1990 Walvis Bay 1970-1990 
Portugal 1970-1990 Agu llias Bank 1970-1990 
Chile, Arica 1970-1990 - - 

Table 3: Years considered in the study of biological and climatological data, by species. 

Monthly rime series of scalar wind speed and wind-stress, from 1950 to 1990, were constructed in each spawning areas 
(Table 2). A Coastal Upwelling Index (CUI) was calculated from the wind stress data following Bakun (1973). This index of 
the strength of the upwelling process is the offshore component of the wind induced Ekman transport. From the montlily 
rime-series of scalar wind speed and CUI, a mean monthly cycle was calculated. 

In most cases spawning grounds and nursery grounds have a similar location. This is not the case for the spawning areas 
located on the Agulhas Bank (Benguela) and in the Bay of Biscay (Spain). In these two areas, spawning occurs outside the 
upwelling area and eggs, once spawned, are removed from the spawning grounds and carried by coastal jets to the nursery 
grounds located in the upwelling (Shelton and Hutchings, 1982; Cabanas et al., 1989). Consequently, for these two 
examples, environmental data corresponding to the nursery grounds are considered: the Galician Coast (Spain: 42-44"N) 
and the area surrounding Sr Helena Bay (Benguela: 30-34"s). 

The duration of the upwelling season varies from one ecosFtem to the other (Fig. 1): it is a year-round process off Peru 
and South Africa but limited to spring and summer off California and Morocco. There is no apparent relationship between 
the timing of reproduction and the upwelling process (Fig. 2): for instance, off Morocco, sardine reproduces outside the 
upwelling season; on the contrary, in the California Bight or off Peru, spawning occurs when the upwelling is active. 

Following Bakun and Parrish (1982) and Parrish et al. (1983), we try to characterize the environmental conditions 
prevailing during the spawning season by using CUI and wind speed. These two environmental parameters are used as 
proxy-variables to estimate the strength of several environmental processes such as mixing by the wind, enrichment by the 
upwelling and offshore drift by the wind induced Ekman transport. These wind related processes are thought to be the 
key environmental processes to be considered when addressing the effect of the environment on fish population in 
upwelling areas (Iasker, 1975; Parrish et al., 1981; Cury and Roy, 1989; Bakun, 1996). Since the observed spawning habits 
reflect the net adaptive response to a history of annual successes or failure in reproduction, one may expect that spawning 
habits would be seasonally and geographically tuned in order to provide a compromise between the environmental 
processes affecting recruitment success (Bakun et al., 1991). 
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S O N D J F M A M J  J A S O N D  
CALIFORNIA CURRENT 
Southern California Bight 
Baja California 
HUMBOLDT CURRENT 
Peru 
Chile, Aiica 
CANARY CURRENT 
Western Sahara 
Morocco 
Spain 
Poitugal 
BENGUELA CURRENT 
Walvis Bay 
Agulhas Bank 

Fi;. 1: Temporal relationships between sardines reproduction seasons and upwelling seasons. Spawning periods 
arc represented by black points, upwelling seasons are in light grey, and upwelling peaks in dark grey (references 
for upwelling seasons : Cushing, 1971 ; Chesney and Alonso-Noval, 1989). 

The mean monthly values of the two parameters during the sardine peak spawning season in each ecosystem are selected 
and plotted against each other (Fig. 2). Each ecosystem is characterized by different CUI values, either high or low. Two 
groiips can be clearly distinguished. A first one corresponding to the sardine population off California, hloi.occo, Western 
Sahiira, Peru, Chile and Namibia; for this group the wind speed values reported during the spawning seasons are clusterecl 
witk in a narrow band of wind speed, between j and 6 m/s. The second group corresponds to the Iberian Peninsula (Spain, 
Poniigal) and the Agulhas Bank; in these ecosystems, the sardine populations do not follow the same pattern, wind values 
reported during the spawning season reach 7 to 9 m/s. 

We follow the same procedure for the anchow and sardinella populations. For anchow, there is no clear pattern of 
corrcspondence between spawning and wind speed. Reproduction occurs within a wide wind range: data points are 
scat ered between wind speed values of 5 and 8 m/s (Fig. 3). For the West African and Indian sardinella populations, 
spaxning appears to be restricted to a range ofwind speed between 5 and 6.8 m/s (Fig. 4). However, one should note that 
the wmber of data points for sardinella is rather limited. 

'Yhrough the study of clupeoid reproductive strategies, m o  categories of ecosystems can be identified: 
- Ecosystems of low latitudes: the main upwelling ecosystems of the world are part of this group: California, West Africa 

(hlorocco, Sahara, Mauritania, Senegal), Peru, northern Chile, Namibia and India (Malabar Coast). 
- Eccsystems of mid latitudes: the southern Benguela (South Africa) and the Iberian Peninsula (Spain and Portugal). 

-- 
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Wind speed (mls) 

Fig. 2: Plots of spawning peaks of sardines against rnonthly rneans of wind speed and of coastal upwelling index 
(CUI), by ecosystern, 

Fig. 3: Plots of spawning peaks of anchovies against m rneans of wind speed and of coastal upwelling 
index (CUI), by ecosystem. 
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Wind speed (nils) 

,. 4: Plot of spawni ella against monthly rneans of wind speed and of coastal upwelling index 
-.il), by ecosystern. 

3 :1. Low latitude ecosystems 

111 these ecosystems, a generalization of Roy et al's (1992) results is possible for the sardines and sardinella 
popiilation. The timing of reproduction for these two species coincides with the occurrence of j-6 m/s winds. This range 
of w.nd speed values is in accordance with the 'Optimal Environmental Window' defined by Cuv  and Roy (1989). There is 
no apparent relationship between spawning and upwelling intensity. Spawning occurs sometimes during the upwelling 
season and sometimes outside the upwelling season. 

The ~:oincidence between spawning and the optimal wind range defined by the OEW suggests that reproductive strategies are 
strorgly influenced by the seasonal fluctuations of the wind regiie. Reproductive strategies appear to be seasonally tuned in 
orde- to coincide with the wind value that maximizes recruitment success. The wind value corresponding to the seasonal 
occurrence of the spawning peaks is constant over a wide range of latitude: from jON for Peru to 33ON for Morocco. This 
apparent constancy of the 'ideal' wind intensity around which the spawning activity of sardines and sardinella is maximum 
and is remarkable in view of the strong latitudiial dependence of some of the key environmental processes and scales that 
can Le expected to be involved (Bakun et al., 1991; Bakun, 1996). The magnitude of the enrichment by the upwelling and of 
the cffshore drift by the wind-induced Ekman transport are both related to the intensity of the wind, but are also Iatitude- 
dependent processes. Wind generated turbulent mixing is estimated to be proportional to the third power of the wind speed, 
and is a process independent of latitude. The apparent constancy of the optimal wind intensity over several ecosystems 



located at different latitudes, can therefore be interpreted as an indication of the dominance of wind mixing in the seasonal 
adjustment of smail pelagic fish reproductive strategy in upweliing areas. This may leave the choice of an adequate spawning 
location as an available means for dealing with limiting factors such as offshore transport and enncliment. 

The duration and the intensity of the upwelling process appears to have a limited effect on the timing of the reproduction. 
However, offshore Ekman transport can be detrimental for larval survival and the fate of a fisli population. Fish ma). have 
to select an adequate location for spawning in order to avoid the detrimental effect of wind-induced offshore drift. In these 
mid-latitude ecosystems, the spawning grounds are located in bays or in coastal indentations, downstream of intense 
upwelling centres (Parrish et al., 1983; Roy et al., 1989). Off Walvis Bay, the upwelled waters corning from the Lüderitz 
upwelling centre, are carried away by the main current, diffuse in the bal! and supply the nurseiy witli nutrients. The 
advection of cold waters in the bay induces at the same time the formation of convection cells, reducing larval offshore 
drift (Bakun, 1996). Furthermore, the larvae are sheltered from strong mixing by the wind. The width of the continental 
shelf is also an important characteristic. A wide continental shelf enables the formation of retention eddies (Brink, 1983; 
Nelson and Hutchings, 1987). As the retention process applies also to plankton, a wide continental shelf mai allow a berter 
coupling between primary and secondary productions. The inshore side of upwelling plumes also provide adequate 
locations for larvae retention (Graham and Largier, 1997; Roy, in press). 

3.2. Mid-latitudes ecosystems 

There are two ecosystems for which the seasonal spawning is not related to the occurrence of the optimal wind value 
defined bv the OEW (Fig. 2). These ecosystems are the Iberian Peninsula and the southern Benguela. In these ecosystems, 
reproduction occurs during time period characterized by an intense wind regime. One also notes that the spawning 
grounds and nursery grounds are spatially distinct. In these m o  areas, the configuration of the coastline is quite similar 
with a North-South coast where the upwelling develops and an East-West coast located polewarcl and up-wincl of the 
upwelling area. This configuration of the coast provides a unique opportunity for the fish populations to avoicl the 
reproductive difficulties inherent in an exposed upwelling coast (Bakun, 1996). In both cases, the spawning gsounds are 
located outside the upwelling coast and rather concentrate poleward along the East-West oriented coast (the Agulhas Bank 
off South Africa and the Bay of Biscay off Spain). 

Eggs laid in the Bay of Biscay are carried by a coastal jet towards the Galicilin Coast, in the North-West of Spain (Cabanris et 
al., 1989). Unlike most cases, eggs are thus laid upward the upwelling centres as regards to the main surface circulation. As 
spawning occurs outside the upwelling zone (Garcia et nl., 1991), early larval stages are not subjected to the detrimental 
effects of dispersion linked to Ekman transport. Furthermore, they probably take advantage of the spring bloom. This 
seasonal pnmary production peak indeed favors larval survival. After being transported along the Galician Coast, tliev can 
take advantage of the upper layers enrichment by the upwelling process. Moreover, at this stage of development, larvae 
are more mobile; therefore, their survival is supposed to depend less on concentration (pursuit and attack behavior) and 
retention processes (horizontal and vertical displacement). 

The reproductive strategies of sardine and anchovy in the southem Benguela follow a similar pattern. Sardine and ancliovy 
eggs are laid on the Agulhas Bank, upward the upwelling centre, and are then carried by a coastal jet toward the West coast 
upwelling area, North of Cape Columbine (Largier et al., 1992). Shelton and Hutchings (1982) have estimated tliat the time 
for the eggs to be transported to West coast upwelling is in order of days. Along the west coast, St Helena Bay is thought to be 
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an important nursery ground. It is a place where biological production can benefit from the input of nutrient b!~ the 
up~~elling. The upwelling plume that develops down-wind Cape Colombine creates a physical barrier allowing retention to 
occur within St Helena Bay (Graham and Largier, 1999. This area constitutes a place a priori favorable for a nurseiy grouncl. 

In these two ecosystems, the question of the evolutionaly advantage of developing such a strategy, i.e. to spatvn outside the 
up~ieliing area during time period characterized by intense wind induced mixing remains an open question. In both places, 
the spawning grounds seem to be charactenzed by a strong vertical stratification which may counteract the detrimental 
effect of wind mixing. Over the Agulhas Bank, warm waters advectecl from the Indian Ocean by the Agulhas Current overlie 
cocler and dense water from the Atlantic (Shannon, 1985). This allows to form a protected stable layer where fish can 
suc~:essfully reproduce under energetic wind conditions (Parrish et al., 1983). Egg development is also strongly affected by 
tempenture. The cold temperature encountered along the west coast upwelling may also be an important element in frivor 
of smwning in the warm waters off the Agulhas Bank. In the Bay of Biscay, spawning occurred in spring and is in phrise with 
the annual planktonic bloom, this might be an important element favoring lamae sumival within the Bay. 

The timing of sardine and sardinella spawning in low latitude upwelling ecosystems appears to be linked with the 
occiirrence of wind speed within a range of 5 to 6 m/s. There is no apparent relationship between spawning and upwelling 
inte-isity. Thus, it was possible to extend Roy et al.5 (1992) results to the major loui latitude upwelling ecosystems of the 
wor d. This optimal wind range is in accordance with the OEW (Cury and Roy, 1989) which defines 5-6 m/s wind as being 
the optimal condition for small pelagic fish recruitment success in uptvelling areas. The constancy over a wide range of 
latit~lde of the optimal wind range is an indication of the dominance of wind mixing in the adjustment of small pelagic fish 
reproductive strategy to seasonal upweliings. This may leave the choice of an adequate spawning location as an available 
means for dealing with limiting factors such as offshore transport and enrichment. 

The:e are two outliers for which the spawning is not related to the occurrence of the optimal wind value. These 
ecocystems are the iberian Peninsula and the southern Benguela. In these areas, spawning grounds and nursery grounds 
are ;ils0 spatially distinct. They both share similar topographical characteristics with a North-South oriented coast where 
the upwelling develops (the nursery grounds) and an East-West oriented coast located poleward and up-wincl of the 
upwdling area (the spawning grounds). This configuration of the coast provides a unique op port unit!^ for fish population 
to aiuid the reproductive difficulties inherent in an exposed upwelling coast. 

Anctiovy reproductive strategy appars  to be quite distinct from sardine ancl sardinella strategies. There is no apparent 
relationship between the upwelling indices or the wind intensity and the timing of anchovy spawning. This remains an 
operi question. 
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