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Pena('14$ cafjfornierujs, P. brevirQSI,is, P. \'OllntJtMÎ and P. siy/iroslris occur in western Mexico. 
and ail brccd in the sea. P. californienJis is the dominant sJX!cics in commercial catches Irom 
the sea and P. lIonnamei from coaslal lagoons. The paper summarizes obscrvations o n the 
laboratory bchaviour of postlarvac of Ihcsc spccies and on their distribution in relation 10 
environ mental factors in the channel (estc ro) lin king Huizachc Lagoon to the sea. This estero , 
which is about JO km long, is al a lowcr salinity than the sea only from July to Novembcr. The 
net tidal flow in the estero i5 lagoonward rrom February to July and scaward in August to 
January. 

ln the laboralory, jX)stlarvae of ail species sclected Jower salinities than those to which they 
had been acclimated, and o lder jX)stlarvae selected lower salinities than younger ones. P. 
vamwl1lei sclectcd Iower salinities than the other spccies. Estero wilter was selected rather 
than sea water of a similar salinily by the two spccies lesled. Postlarvae did not consiste ntly 
swim with or against currcnts. There was no evidcnce that thcir direction of swimming was 
influenced by changes in lighl, salinity or the type of water or by cndogenous factors. 

The depl h dist ribution of jX)stlarvae in the estera showed no consistent correlation with the 
absolule or relative salinity or le mpcrature for any species. On the other hand. jX)stlarvae 
showed a marked tendency to !eave the boltom layers wilh the lida! flood, and this tendency 
was most consistently shown by P. vamlUmei. At the seaward end of the este ro, jX)st larvae 
showed minimum concentrations in May inereasing to a maximum in September, with 
P. val/namei usually dominant. Only Ihe fifst part of Ihis increasc (in June and Ju ly) 
pcnetrated as far as the lagoon in large numbers. Passive drift with the flood tide probably 
provides the chief mechanism of immigration. The fai lure of moSt postlarvae to reach the 
lagoon after July was chiefly due to a reversaI of the net eurrent. 

The vast surplus of postlarvae of p, vanMmei recordcd at the seaward e nd of the estero in 
August to Novembcr 1977 probably oceUTS in mast years and in many esteros. It provides a 
jX)tential source of small shrimps for rearing in capt ivi ty on a commercial scale. Thei r removal 
al Ihat time of yea r would have liule effect on recruitment la the lagoon fishery. 

Oceanol. Acta, 1982, proceedings International Symposiu m on coastal lagoons, 
SCOR/IA I30 /UNESCO, I3ordeflux . France . 8· 14 Septembcr, 1981 ,339·345 . 

Facleu rs intervenant dans les migrations de la mer vers un système lagunaire 
mexicain de post larves .de crevettes pénéides. 

l'e,weI4$ Cll liforniensis, P. brevirostris, P. vannamel et l', s/ylirostris existent sur les côtes 
Oucst du Mexique. Toules ces espèces se rcproduisent en mer. P. californiensis est la plus 
abondante dans les pêches commerciales marines, alors que dans les prises lagunaires c'est 
l'. l'Q II/lQmei qui domine. Celte note est un résumé des observations faites en laboratoire , sur 
le comportement des postlarves de ces espèces, ainsi que leur distribution e n fonction des 
fa cteurs environnants du canal (estero) qui relie la lagune de Hu izache à la mer, Celui-ci fait 
10 km de long. el il est caractérisé par une eau à salinité plus basse que celle de la mer de juillet 
à novembre. Dans 1'« estero _, de février à juillet, le flux de marée a une direction lagunaire, 
tandis que d'août à janvier il est de sens contraire , c'est·à·dire vers la me r. 
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En laboratoire , les post larves de toutes ces espèces ont préféré des salinilés plus faibles que 
celles auxquelles elles ont été adaptées. Contrairement aux plus jeu nes , les postlar"cs les plus 
âgées ont choisi les plus basses salinités. Par rapport aux autres espèces, P. l'all/U/mei a préféré 
les plus faib les salinités. A salinité presque idcntique cnfin, les deux espèces testées Ont choisi 
l'cau de 1'« estero,. plutôt que celle de la mcr. Par ailleurs, les post larves ne se SOnt déplacées 
ni avec ni contre les courants. En outre, il n'y a aucune preuve certaine que le sens de leur 
déplacement ail ét6 influencé par un changement de lumière , de salinité ou par la nature de 
l'cau ou des facteurs endogènes. 

Dans l'" estcro" t pour chaque espèce, nous n'avons pu déceler aucune corrélat ion entre la 
profondeur de répartition des post larves ct une salinité ou une température absolues ou 
relatives. D'aut re part, il Y a une tendam:e très nelle chez les postlarves fi quiuer le fond lors 
du flux de marée, en part iculier chez P. vall/Jame;. A l'extrémité marine de roc estero ,. , en 
mai , il y a une concent ration minimum dcs post larves j elle croit CI atteint un maximum en 
septembre , avec P. vannamei habituellement dominante. Seules les post larves de la première 
phase de CC I accroissement (juin·juillet) pénètrent très loin dans la lagune ct en grande 
quantité. Le transport passif dû aux flux de marée serait le principal responsable du 
mécanisme des migrations. L'échec de la plupart des postlarves à atteindre la lagune après 
juillet est dû essentiellcment à lïnversion du sens du courant. 

L'excédent énorme de postlarves de P. l'U/II/amei observé dans l'extrémité marine de 
l'oc estero,. d'août à novembre 1977, se produit sans doute tous les ans ct dans plusieurs 
.. esteros,.. Il est une source potentielle de jcunes crevettes pour élcvage cn captivité à une 
échelle commerciale. Leur enlèvement à cette époque de l'ann6e n'aurait que peu d'effe t sur 
le recrute·men t dans la pêcherie de la lagune. 

Ocea/lol. Ac/a, 1982:. Actes Symposium Intcrnational sur les lagunes côtières, 
SCO R/ IABO/ UNESCO, Bordeaux , 8- 14 septembre 1981,339-345 . 

INTRODUCTION 

The coastal waters of Sinaloa, western Mexico, support 
breedi ng populations of fou r spccies of Pellaells: P. califor
nie/lSis ( Holmes), P. breviros/ris Kingsley , P. l'alllJamei 
Boone and P. slyliros/ris Stimpson. The commercial catch 
from the sca is dominatcd by P. califomiensis at ail scasons. 
Fishing in the lagoons is mostly from Septembcr to Dccem
ber, and sub-adults of P. l'all/Jame; make up the bul l;: of this 
catch. Il is known that shrimps enter the lagoons as 
posllarvae, but unanswered questions concern the relative 
imponanee o f passive drift and activc migration, the physi
cal and chemical factors involved and the reactions of 
postlarvae to them. In an allcmptto answe r these questions, 
Ihis paper summarizes and brings IOgether laboratory obser
vations on the behaviour of posllarvae and field investiga
tions inlo the dis tribution of postlarvae and environmental 
factors in the approaches to the lagoons. The authors were 
panicularly interested in interspccific differc nces which may 
help 10 explain the relative success of P. vannamei as a 
lagoon species. 
The laboratory work is describcd in much grcater dctail by 
Mair (1979 b ; 1980) and the field work by Watkins ( 1980). 

PHYS ICA L AND HYDROGRAPHIC BACKGROUND 

The Caimanero- Huizache lagoon system, where the field 
investigations took place. i5 shown in Figure 1. Rain falls 
moslly in July-Seplcmbcr, and the figure shows the lagoons 
at thcir maximum extent, in Seplcmber. Bdore the onset of 
the rains. Caimanero may occupy Icss [han half and 
Huizache about a quancr of the area shown and the internai 
lin k bctwccn thc lagoons is then usually dry. The outer 
limits of the system arc marked by the rivers Ba luarte and 
Presidio, and winding «esteros,. conncct the rivcTS to the 
lagoons ... Tapos » , used in the fishcry for sub-adult shrimp 
(Edwards, (978), arc situatcd near the scaward and 
landward ends of the esteros linking the lagoons 10 the river 
mouths. These arc the most accessible pans of the esteros 
and they werc used as sampling stations in the present work. 
The original moulh of Ihe River Presidio (Fig. 1 : Boca de 
Baron) was blocked by a sand-bar throughoui the pcriod of 
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the investig'lIions. but the artificial mouth was opcn exccpt 
from 10 April-5 May 1977 and 23 March-4 July 1978. Il 
was re-opcned each yea r with earth moving equipmcnl. 
The level of the lagoons Tises wi th the Tains and the mean 
1c\'eI of the nearby l'acific also ([uctuates seasonally. As a 
result , • mean sea le"el is higher than lagoon level from 
Fcbruary 10 July, and the net tidal f10w (cxcept when 
blocked by sand-banks) is from the $Ca tO thc lagoons during 
thesc months. Esteros Ostial and Agua Dulce are at a lowc r 
salinity than the sea from July to Novembcr of each year. 

IDENTIFICATION OF POSTLARVAE 

Any work on specific diffcrcnces in the behaviour and 
distribution of postlarvae was obviously dcpcndent on their 
identification. Il ",as found thm living postlarvae could bc 
divided into four groups on the basis of their chromatophore 
pattcrns and rostrallengths. Correlation with the adults was 
achieved by rearing reprcscntatives of each group_ The 



distinctive charactcrs of the four spccies of posllarvac arc 
dcseribcd by Mair (1979 (1). 
The 1engths of planktonic postlarvae encountcred were : 
P. v(ll/l/omej 5.0-7.0 mm , P. slylirosrris 6.0.7.5 mm, 
P. califomjel/sis 7.0.10.0 mm, P. brevjrostris 8.0.11.5 mm. 

LABO RATORY EXPERI MENTS 

Tests were made on the ability of postlarvae of the four 
species tO select bclween waters of diffcrenl salinity and 
between waters of diffcrent origin , and some observations 
wcrc made on their swimming abil ity and behaviour in 
currents. 

Sallnity 

The apparatus fo r observations on sal;nity preferences was 
based on that used by Keiser and Aldrich (1973). It 
eonsisted of two tall tanks of clear pcrspcx , eaeh 
220 cm x 10 cm x 10 cm, mounted parallcl to cach other 
and at an anglc of 25° to thc horizontal (Fig. 2). Bchind caeh 
was a f1uoresccnt light tube , 235 cm long, wrapped in red 
cellophane. This produced uniform red illumination in each 
tank , just surficicnt to sec the postlarvae in them . Tcn 
horizontal lincs, 5 cm apan , werc marked on the front of 
cach tank. Water of different salinities was prepared from 
aquarium sali and fresh water. In mosl expcriments the 
bottom JO cm of one tank was filled with water o f salinity 
56%<> ; the 5-cm layers above Ihis were succcssiveJy filled 
with water of salinity 49, 42, 35, 28, 21, 14,7 and O%c, 
respcctively. The olher tank was usually used as a control, 
with waler of uniform sa linity equal to that in which the 
postlarvae had been living either in the sea or in acdimalion 
tanks. Postlarvae were re1cased in the gradient at Ihis same 
salinity (natural or acdimated) and at the same levcl in the 
control tank , using a dev"e similar 10 that described by 
Keiser and Aldrich (1973). Salinity gradients were checked 
before and after each expcriment by siphoning a small 
volume of water from each level. Neither the introduction 
of postlarvae nor their subsequent movements caused any 
measurable change. 
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Figure 2 
Suli/lit)' grudiem apparalllS. 

Many tests were made on posl larvae of P. califomiellsjs and 
P. vQIIII(lmei, some slarting on the day afler capture, others 
after keeping the postlarvac in the laboratory fo r JO days at 
a salinity of c;thcr 35 o r JO %,.,. Whilc in the laboratory the 
postlarvae werc fed on Artemia nauplii and they mou lied at 
intervals of 2-4 days. Figure 3 shows a typical set of results 
fo r recently capturcd postlarvae of P. califomiensis and 
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Figure 3 

IMMIGRATION OF POSTLARVAL SHRIMP 
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Disrfiblllioll of fX1sllarvat of 1'. cali(ornicnsis (mean lengrh 7.91/11/1) 
;n salillity gradielll (1Il1lk 1) a/Id coti/roi (lill/k 2). T - 30 °C S(MCÎ· 
mt'/IS CQllec~d 17. X. n. aperiment/8-/9.X.77. A,rrow in A marks 
Itve/ at w/rich specimt!1ls wefe Îmroduced. A. meall of hourlr 
dÎ$lribllliOIl$ afttr 1-6/1; H, 7-12 h .- C, 13·18 h; D. /9-24 h. N, 
mean '!Ilmber COllllltd. Black bar = median. 
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Figure 4 
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Distribu/ion of fX1sllarvat of P. vannamei (mean Itllg/h 5.7 mm) in 
sa/il/ily gradielll (1Il1lk /) U/ld cOlltrol (tank 2). T "" 31 °e. Specimt'II$ 
collec/ed 27.1 X. 78 ; aperiml'III 28,29./X 78. Symbo/s as in Fig/lrI' 3. 
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Table 
Rlmge$ 01 fm!dwn '·a(ll~s ol.f(l{jnit~! selec~d by posltarva~ ol/nt frmr specit$ of Pcnaeus. Tests ""tft commtnc~d wiJhin lA n of capmr/.', and 
somt ""trI.' rtptaœd afier JOdays;/I Iht labora/o,y al a known safinr/y . • nwrks ,tsull [rom 0/11.' txpe,;mtnl 0,,1>,. 

Reeently 

eaught 

P. ,'annamti 
P. styljroSlris 
P. califomiensis 
P. brev;rosITis 

]-8 
32-35· 
9-26 

15-22 

Figure 4 for P. ,'omlOmei. Variat ions in the number counted 
(N) at dirferent limes during an expcriment refl ect the 
diffieulty o f eounting moving animais in a dim light. Only 
sporadie supplies of posllarvae of P. b,eviros/ris and 
P. slyliroslris were availab1c, and eonsiderably fewe r expc
riments were made on these spccies. Results for ail spceies 
arc summarizcd in the Table. 
8 0th P. calijom;ensis and P. vallllOmei selected lower sali
nitÎes than those in whÎch they had been captured or in 
which they had been held in captivily. The se lected salinity 
tended to be lower in the older postlarvae , whÎeh had been 
held in the laboratory for 10 days, and was lowes\ in thosc 
which had been held at 10 %CO. P. vallnamej scleeted lower 
salinÎt ies than P. califomiellsis with the same history of 
acclimation. 80th spccies showed a tendency to move to 
lower salinities during the course of a 24 h cxperiment. In 
control experiments, postlarvac of P. califomiensis showed 
a tcndency to frequent the boltom of the tank whalever the 
salinity. The same lendency was shown by postlarvae of 
P. vannomeî in a uniform salinity of 10 %t> bUI not at 355f<,. 
ln Ihe fcw expcrÎments wilh postlarvae of P. b,evi,os/,is, 
this species showed similar salinity preferences 10 Ihose of 
P. califomiellsis and an even stronger lendency to frequent 
the bollom of the tank in conlrol cxpcriments. Postlarvae of 
P. stylimstris were used in o nly IWO cxpcrimenls. The 
majority of recently caught specimens seleeted salinities 
si milar to Ihose of the sea , but older postlarvae , whieh had 
been hcld for 10 days al 35~, seleeted much lower 
salinities (sec Table). 

Walers of difTtl1'nl origin 

The apparatus uscd for expcriments on salinity preferences 
was also used to (esl the ability of postlarvae to dislinguish 
between water from an estero and water from Ihe sea. It was 
fiJled with three layers o f water of differenl sali nit y, each 
30 cm deep. The bottom layer in both tanks conlained water 
of salinity 50~, made up with sea-water and aquarium salt. 
The S<1linÎties in the other twO layers did nOI exceed 30 %t> 
and differed by 5 ~.,. In one tank the middlc layer comained 
diluted sea-water, the top layer estero wa(er. In the other 
lank the mÎddle layer was cstero water, the top layer sca
watcr with a fun her addition of fresh-water. 
With both P. califomiensis and P. b,eviros/ris, more post· 
larvac frcquented the layer of estero water than Ihe layer of 
sea-water, irrespecti"e of which was at the [ower salinilY. A 
typical examplc is shown in Figure 5. Therc was no opponu· 
nit y 10 apply this test 10 postlarvae o f the Olher two spccies. 

5wlmming 

Observations on the swimming bchaviour of postlarvae 
wcre made in the circular canal between IWO pcrspcx 
cylinders of diametcr26 and 16cm respectively, filled tO a 
depth of 20 cm. A current of approximately 5 cm/sec. was 
produeed by cleclrically driven paddles , which moved round 
the canal. The water could be changed during an experi
ment. Most of the expcrimental animais were postlarvac of 
P. californie/Isis. 
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Figure 5 
Dis/r;bm;OIl of posltan'al' of r . californicnsis (mea/l lengln 7.7 mm) 
in a ... O/er preference experimelll. T = 29 oc. Specimtns collecœd 
4.VllJ.78 ; uperimenl 4-5. Vili. 78. SW. ua· ... aœ': EW, u /ero 
... aler (rne saljnirr of eael, of liltse taye,s is al50 givell). Ollut, 
symbols as in Figure 3. 

Postlarvae were obscrved swimming at speeds up to about 
10 cm/sec, bUi sWÎmming was nOI always continuous and 
there was frequent passive si nking. In sorne expcrimcnts the 
majority of postlarvae swam upstream, but in others the 
numbcrs swimming upslream and downstream were similar. 
ln one cXJX!riment ralher more posllarvae we TC obscrvcd 
swimming in low inlensity rcd light than in bright white 
lighl , bul in ;mother similar experimenl thcre was no 
significant differenee. No general change in the dircction o f 
swimming was produced by ch:l nging from red to white 
lighl. gradually reducing the salinity or gradually substitut
Îng estero watcr fo r sea-water. Observations under constant 
conditions provided no evidenec of endogenous changes in 
the direction of swimming , bUI monitoring with an infra-rcd 
bcam showcd that there is an endogenous rhythm of 
swimming activilY. with morc movement at night. 

FIELD INVESTIGATIONS 

Results reponed here relate to collections of postlarvae 
taken at intervals throughout 1977 and 1978 al Tapo 
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Figure 6 
POSlklrvae and ellvironml!n/a/ fo.cwrs al Tapo &taduo on Z
J. VIII. n. From 10p : t;mI!S ofhigh (H) and low (L) tide ,. puÎoeLs of 
/10111 tOwareLs lagooll (black bar),. COlleen/rations of posllarvae a/ 
surface (0----0) al/d boltom (. - - - . ),. s{Jtcies compositioll; 
sa /ùlititJ al surface and boltom; key ID specÜ!s of posi/urvue. 

Botadero (A in Fig. 1) and Tapo Ostial (8), both on Estero 
Ostial. Details of these collections and of a comparable 
series from Estcro Agua Dulce arc given by Watkins (1980). 
On each occasion near-surface and near-bouom samples 
were taken at 2 h intervals throughoui 24 h, using planklon 
nets wi th flow meters. The direction of watcr flow and 
surface and bonom temperatures and salinities were taken 
at the same intcrvals, and times of high and low water wcre 
noted. Typical examples of resulls arc shown in Figures 6 
and 7. It shou ld bc noted that concentrations of posllarvae 
arc shown on a logarithmic seale. 
A consistent featu re of ail resu lts was the rise in numbcrs o f 
postlarvae at the surface during Ihe perioo of flow towards 
the lagoons, reaching a peak about the time of high water. 
This surface peak appearcd tO bc qu ite indcpc ndent of 
fluct uations in salinity or te mperature. The species composi
tion at Tapo Botadero (at the seaward end of the estero) 
was usually mixed. wit h P. van"Q~i the mest common 
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Pos/lan'ae amI enl·irrJnml!n/a1 fo.crorJ al Topo OSlial on 17-
/8. VIff.78. t.-xp/a,Ullion as for Figure 6. 
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IMMIGRATION OF POSTLAR\lAL SHRIMP 
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Mean conan/ralions of posi/arvae al TQpo Boladuv (sealliurd end 
of estero) and Tapo OSliu/ (klgoonwQrd end of eSlero) between May 
19n and April 1978. 

sp::cies. while at Tapo Ostial the dominance of P. vannomei 
was more marked. Figu re 6 provides an example in whieh 
most of lhe postlarvac of P. vanno~i rose in Ihe water 
column al high tide while most of the P. brevirostris remain· 
cd near the bouom. On sorne other occasions postlarvae of 
ail specics rose towards Ihe surface al high water, but the 
phenomenon was shown most consistcntly by P. vQnna~i 
and it usually affected a greater percentage of the popula· 
lion than for the other sp::cies. 
Figure 8 gives the concent rations of postlarvae (again on a 
logarithmic seale) at the seaward and lagoonward ends of 
Estero Ost ial from the opcning of the connection to the sea 
in May 1977 to its closure in April 1978 (sec Physical and 
Hydrographie Background). Figure 9 gives the spccies 
composition for the three most common specics at the same 
slations ovc r the sarne pe riod. Each point on each of these 
figu res gives ft mcan fo r ail samp1cs takc n on eithcr or both 
sides of the tapo in question at each sa mpling period. Many 
more samplcs were taken at Tapo Botadero than at Tapo 
Ost ial. No samples were taken at Tape OSlial in late June 
1977. and the peint marked .. ? .. (Fig. 8) is an cstimate 
based large ly on sa mples take n after the ope ning of the 
channe l to the sea in the fo llowing ycar. While no precise 
va lue can bc given for this point , the re is no doubt Ihat the 
opening of the channc l to the sea in lm was fo llowed by a 
rapid rise in the concentrat ions of post larvae in late May 
and J une which affected the whole length of the estero. 
Apart from minor fl uctuat ions, Ihere was a genc ral increase 
in concentrai ions of postlarvae at the seaward end of the 
cstero from May until laie Septembcr, then a steady fa ll 
over the next few mont hs. Numbcrs of postlarvae at the 
lagoonward end of the cSlero reached high levels in J une 
and Ju ly, then plunged in August and Septc mbc r whilc 
concentrations at the scaward end wc re sti ll shooting 
upwa rds. 
Tapo Botadero was .. closed >1 from mid August 1977 unt il 
Ihe foUow ing Ja nuary, by the insertion of sercens of 
approximately 1 em mesh to prcvent the migration of large 
shrimps. Whenevcr comparative samples were taken , 
concentrations of pesllarvae on the lagoonwa rd side of the 
closcd tapo wcrc bctween a quarter and a half those on the 
seaward side . 
When the channe lto the sea was opened in May. the initial 
in fl ux of postlarvae was dominated by P. cali[omiensis 
(Fig. 9). However, the percentage of this species fe ll rapidly 
as nu mbcrs o f P. vQnnomei and P. brevirost, is increased. 
The increase in the re lative numbcrs o f P. vQntlDmei 
continued unt il Octobcr, bUlthe peak of P. brevirOSlfis was 
in carly August. Whcnever data were available. the perce n
tage of P. vallnomei was appreciably higher al the lagoon
wa rd c nd of the este ro tha n al the seaward end, while the 
reverse was truc for bot h P. californiensis and P. b,evi,o$
tris. 
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Figure 9 
Mean ~fCeniages Qf /he /hru nws/ common sp«ies of pos//arvae QI 

Tapo Borodero Q/rd occasional sumples QI Tapo OSlial be/wun Muy 
/9n and April/P78. Symbo/s for /apos as in FigureS. 

DISCUSSION 

It is clcar thm postlarvae of P. van"amei reach Huizachc 
Lagoon in far greater numbeTS than postlarvae of other 
species. In 1977 the main influx was in June and July. The 
pattern is probably similar ~n all yeaTS when sa t isf~ctory 
recruitment takes place and ln other lagoon systems ln the 
same area. The policy o f the fishery cooperatives in Irying to 
open a channel from Estero Ostial to the sea in May seems 
fully justificd , but in some yeaTS there is insufficient river 
f\ow al Ihis lime of year tO keep il open. 
The abilily of postlarvae to select water of reduccd salinity 
and with a « taste,. of lagoons was demonslrated in the 
laboralory. Selection of water wit h these qualities ma)' play 
an important part in enabling post larvae tO congregate near 
river mouths. but it seems qui te inadequale tO explain their 
further immigration into the esteros and lagoons. The 
lowest sa linities and the highest concentrations of terrige· 
nous material would be eneounlered in outflowing water al 
river moulhs. and the swimming poWCTS of postlarvac scern 
Inadequate to make headway against such an outflow , even 
if the correct orientat ion cou ld bc maintaincd. further
more , Ihe species whieh migrates into the esteros and 
lagoons in the greatest numbcrs is P. vallnamei. Its postlar
vac arc. on average, smaller Ihan those of the other specie) 
and arc , Iherefore, probably the weakest sw;mmers. The 
situation is further complicated by the faet that the esteros 
arc at a higher salinity than the sea in June , when the main 
influx of postlarvae bcgins. and at a lower salinilY in July. 
when the influx continues. 
The tendency. partic:ularly marked in P. ~·annanrei. for 
postlarvae 10 rise towards the surface on a ~ising tide a~ 
sink again as the tide falls. probably provldes the main 
bchavioural mechanism of immigrat ion from river moulh tO 
lagooo. In the Gulf of Mexico, P. duorarum al50 lends 10 
leave the bouom as the tide rises (Joncs el al., 1970 ; 
Rocssler, Rehre r. 1971), but Ihis spccies scems to show 
much mo re consistent responses than P. vallnanrei to chan
ges in sa li nit y (Hughes. 1969 a, b). The capacity tO rise in 
the wate r column on a risi ng tide is probably important tO 
posllarvae of other spccies of Penaeidae and to a wide range 
of other forms with limited swimming powers which migrate 
into estuaries and lagoons. Upward swimming in ail thesc 
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spceies could weil be triggered by rising pressures, which 
animais on o r near Ihe bonom would exper;ence during a 
rising tide. A numbcr of species arc known to respond to 
pressure changes of the magnitude whic:h would bc associal
ed with tidal rise and fa ll ( Knight Joncs, Morgan, 1966). Il 
is. however, difflcu lt to see what stimulus corrclated with 
falling watcr leve ls or rcversal of flow could initiate the 
return 10 the bottom of animais swimming in the upper 
layers . 
ln 1977 . concentrations of postlarvae at the seaward end of 
Estero Ostial rose from May until September. Concentra
tions were probably similar throughout the estero from May 
to July , but they fell rapidly al the lagoonward end in 
August and remained low in the following months. The 
scree ns, which were insened in Tapo Botadero in August to 
prevent the scaward migration of larger shrimps . appa renlly 
eauscd an appreciable rcduet ion in the numbcr of postlarvae 
passi ng this point in the opposite direction. After the 
insert ion of the sereens , concentrations on the lagoonward 
side o f the barrier averaged about 1/3 of those on the 
seaward side. This, however, is comparatively triyial in 
relatio n to the reduction of at lcast a hundredfold bctween 
Tapo BOladero and Tapo Ostial in Septembcr and Octobc r. 
The major facto r whieh prevented ail but a few postlarvae 
penet rating to the lagoonward end of the estero in the 
autumn mont hs was almost cenainly the annual change in 
the relative levels of the sea and the lagoon and the 
consequent reversai in the net flow in the estero. In May
Ju ly the sea was higher and the net flow was towards the 
lagoon ; in August and succceding months the lagoon was 
higher and the net flow was towards the sea. This seaward 
net flow did not preve nt furt her massive immigration of 
postlarvae from Ihe sea to the seaward end of the estere in 
August and Septembcr, but ooly a very sma" proportion 
reached the lagoonward e nd o r the lagoon Îtself. Those Ihat 
did penet rate thc lcngth of the estero were nearly ail 
P. \'antramei. 
Sorne of the postlarvae from the great concentration at the 
scaward end of Estero Ostial in Septembcr must have 
devclopcd inlO the sub-adult shrimps fished al Tapo Bota
dero later in the year. This , however, could account for only 
a very small proportion , and there must haye been a yast 
surplus of postlarvae. Samples taken in Estero Agua Dulce 
(Fig. 1) showed that the si tua tion in the approaches 10 
Caima ncro L..1Soon was similar (Watkins, 1980), and 
compantble conditions probably prevailed in other lagoon 
systems in the region. P. \'amranrei is obviously weil adllpl ' 
ed to the shallow waters and variable cond itions experienc
ed in lagoons. These same adaptations arc likely to make it 
a particularly suitable spccies for farming. If this proves to 
bc 50. the surplus o f posllarvae at the seaward end of 
Sinaloan estcros in August - Novembcr could provide a 
stock for transplanting. Thcir removal in Ihe5C months 
would have lillie effeet on recruitmcnt to the lagoon 
fisheries. 
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