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Abstraot

Graﬂfh and survival experiments conduoted in the lahafatury on postlarval Penaeus
agtecus Ives and P, metiferus (Linnaeus) showed that, in general, both species tolerated

a broad range of temperature and salinity, but some differences between species existed,

At specific temperatures which ranged from 1¥ to 35“0,-12. aztecus was mores tolerant
than P, setiferus of temperatures of 15°C or lower. In oon%raat,1£. gsetifsrus waa more
tolerant than P. azteocus at 30Yto 35°C, Test salinities between 2 and;453Z§>ahaued
that P, azteous tolerated higher salinities than did P, setiferus. Speoifio combina~

. tions of salinity and temperature were tested to determine whether these factors inter-
- acted to affect postlarval shrimp. Combinations of low temperature and low salinity

were detrimental. The effeots of salinity and temperaturs on growth, survival, and
tolerances of postlarvae as observed in the laboratory are discussed as related to
overwintering of pnstlarvallg; aztecus; rate of growth as observed in nature; tims of
entry of the two species into the nursery areasj and the effects of simultaneous de-—
orease of salinity and temperaturs,

 ;/ .Contrihutidn No.244 from the Bursau of Commercial Fisheries, Biologioal Laboratory,

Oalveston, Texas 77550, U.S.A. |
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EVALUATION DE L'EFFET DE LA SALINITE BT DE LA TEMPERATURE SUR
LA CROISSANCE ET LA SURVIE DES POSTLARVES DE PENAEIDAR

Hé sumd

Des expériences de laboratoire conduites sur des postlarves de Penaeus aztecus
Ives et de P, getiferus (Linnaeus) du point de vue de la croissance et de la survie
ont révélé que, dans l'ensemble, ces deux espéces B'accommodaient d'une gamme Sten-
due de températures et de salinités, tout en accusant certaines différences, Durant
une épreuve comportant l'exposition & diverses températures dchelonndes de 1P 3 35°¢C,
P. aztecus a manifesté une plus grande toldrance que P. setiferus jusqu'd 15°C tandis
que de 30°3 35°C o'est le contraire qui s'est produit. Au cours d'expdriences durant
lesquelles le taux de salinit€ a vari& de 2 & 400/00, P. aztecus a mieux supportd les
salinités &levées qua}g. sgetiferus. Diverses combinaisons de salinité et de tempéra-
ture ont &té expérimentdes afin de dSterminer si 1'action conjugfe de ces facteurs
jouait un r8le dans le développement des postlarves. On a notéd 1'effet nocif de la
oombinaison basse température et bassge salinité., Les incidences de la salinité et de
la température sur la croissance et la survie ainsi que les divers degrés de tolérance
des postlarves constatés au laboratoire sont examinés des points de vue suivants:
hivernage des postlarves de P, aztecus, taux de croissance 3 1'4tat naturel; &poque
de péndtration des deux easpdces dans les zones de développement des jeunes; et con-
séquences d'une baisse simultande de la salinité 8t de la température,

EVALUACION DE LOS EFECTOS DE LA SALINIDAD Y LA TEMPERATURA
EN EL CRECIMIENTO Y SUPERVIVENCIA DE LOS FENEIDOS POSTLARVALES

Extracto

Los experimentos sobre crecimiento y supervivencia realizsados en el laboratorio con
formas postlarvales de Penaeus aztecus Ives y P, setiferus (Linnaeus) indicaron que, en
general, ambas especies toleraban un amplio margen de temperatura y salinidad, pero gque
existian algunas diferencias entre ambas. A temperaturas especifficas que oscilaban de
11"a 35°C, P, aztecus era mde tolerante a las temperaturas de 15°C o més bajas, que P,
getiferus. FEn cambio, P, setiferus toleraba mejor que P, aztecus las temperaturas de
30%a 35“6. Las salinidades de ensayo entre el 2 Y el 40 por mil indicaron que P, azte-
cus toleraba salinidades m&s elevadas que F. getiferus, Se ensayaron combinaciones espe-
cificas de salinidad y temperatura para determinar si la interaccidén de estos faotores in
fluia en los camarones postlarvales. Las combinaciones de baja temperatura y poca salini-
dad eran perjudiciales. Se examinan los efectos observados en el laboratorio de la sali-~
nidad y la temperatura sobre el c¢recimiento, supervivencia y tolerancias de las formas
postlarvales, en relacién con la supervivencia en el transcurso del invierno de las post-
larvas de P, aztecus; el ritmo de crecimiento tal como 88 observa en la naturalesa; el
periodo de entrada de las dos especies en las zonas de crfa; y loe efectos de la disminu—
cidn simulténea de la ealinidad Y la temperatura.



—_aY

- 1017 -

. E/59
1 INTRODUCTION

- The general 1ife history of the three species of Penaeus, which are of commer-
clal value to the North American shrimp fishery, is well known. The animals hatoh
and undergo the first stages of development in a relatively stable environment -
the open ocean. The sucoceeding stage, in which growth is most rapid, is spent in a
relatively unstiable environment ~ the estuary. Then the animal returns to the open
sea to spawn (Williams, 1965). | |

Observations made in the field suggest that the three gpecies - P, aztecus

Ives, the brown shrimp; £+ duorarum Burkenroad, the pink shrimp; aﬁa]g, gatiferus

(Linnaeus), the white shrimp - have somewhat different tolerances or praeferences

for certain environmental factors {Williams, 19653 Broad, 1965). These observa-

tions, however, leave many guestions unanswered. We may well ask whether it is sali-
nity alone, or the factors which accompany decreansing salinity (vegetation, fauna,
light penetration, substrate type) that influence the distribution of the species.
Again, how does temperature affect each species? Do salinity and temperaturs inter-
aot to limit the population? Do thsy affect the species in the same way at all sea-
sons of the year? Are all age groupe within a species affected by the environment in
the same way? -

We have chosen to study these questions through controlled lahoratory experi-
ments. Although conditions in these experiments do not cloeely approaoh those of
the natural environment, they do permit the isolation of single faotors,

2  METHODS

- Our methﬂds.have.been fully described in several papers {Zein-Eldin, 19633 Zein-
Eldin and Aldrich, 19653 Zein-Eldin and Griffith, 1966) and are given only briefly
here. | s |

#e have conducted two types of experiments. In the first type, individual sur-
vival was the scle oriterion for the suitability of the environment. These survival
experiments required less than 48 h ~ 12 40 24 h for changing the experimental ocon-
ditions (acclimation), and 24 h for testing. DBecause acclimation changer in such
experiments wvere rapid and drastic, resulting data weres used to delimit the extremes

 of species tolerance and to guide us in further studies. Most of our studies have

been done with postlarvae although juveniles and subadults also have been tested.

In the second type of study, the acclimation period was lengthaned to about 48 to
12 hy and the animals were exposed to test oconditions for about 1 mo. The mean in-
orease in size of the animals was used as the index of the suitability of the envi-

‘ronment.

| For these experimenis, postlarvae were collected from tidal passes and held in 3.
storage tark for at least 24 h before testing. We usually placed 100 animals in eaoh

experimental tank -~ a standard 65-1 glass aquarium with a subsurface filter covered

with sterilized ground oyster shell and sand (Zein-Eldin, 1963). Tank water was
initially 2500 ealinity. Salinity adjustments, when required, were made with dis-
tilled water or with concentrated sea water. Temperature adjustments were made in

- one of four constant temperature rooms or in B.0.D. - type inoubators. Light also

could be controlled in these chambers, but unless gpecified, all experiments were con-
ducted under continuous fluorescent light.

Several foods were tested: a brown and a blue-green alga, ground fish, ground

shrimp, live nauplii of the brine shrimp Artemia salina, and a combination of live

brine shrimp and algre (ZeinﬂEldin,.1963). Animal food was necessary for the best
growth. The presence of an excess of ground food, however, soon caused the tan¥ks to.

foul. As a result, we fed only measured amounta of live brine shrimp,
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At H-day intervales, we removed 10 animals from each experimental tank. Each in-

dividual was dried in a soft paper towel, weighed to the nearest 0.1 mg with a semi-

antomatic balance, and measured (roatrum—tulﬂon length) to the nearest 0.5 mm.

3 EFFECTS OF ENVIRONMENTAL FACTORS

3.1 Salinity

Salinity is the faotor most comnonly correlated with abundance of juvenile and
subadult penaeids (Ounter, 1950; Qunter, 196la, 1961b; QCunter, Christmas ani Kille-
brew, 19643 Williams, 1965; Broad, 1965). It has bean suggested that the abundance
of shrimp ie greatest in low salinity, and that the smallest animals ocour in the low-
est palinities (Ounter, 1950). Frequently, this relation has been interpreted to
mean that very low salinities are necessary for young shrimp to survive in the estu-
ariess The salinity varies in estuarine waters of Texas, depending upon season and
year, from almost fresh (0.8 Trinity River deltay data from egtuarine program of
the (alveston Biological lLaboratory) to the hyper-salinities 45 bo and above) of
Laguna Madre (Simmans, 1957). Young ehrimp occur in all of theme areas.

Becauee of the apparent importance of salinity, our first experiments were de-
signed to assess the salinity requirements of P. aztecus. The results indiocated that,
at temperatures of 23-25“C and with food supplied in excess, postlarvae grew equally
well at salinities of 2 to 40?/na;survival was 90-100 percent (Zein-Eldin, 1963)}. Our
earliest conclusion, therefore, was that low salinity was neither a requirement for
nor a detriment to either growth or survival of postlarval brown shrimp.

3.2 Temperature

Field observations concerning the effects of temperature upon penaeid shrimp are
relatively few. Most articles discuss low temperature only (Cunter and Hildebrand,
1951). To determine temperature effects on postlarval brown and white shrimp, we ex-
posed postlarvae to constant temperatures of 15.0, 17.5, 20.0, 22.5, 25.0, 27.5, 30.0,
32.5, and 35.0°C for 1 mo. |

In these experiments, groups of 20 postlarvae were held in-4-1 glass aguaria.
Five groups were held at each temperature, without light.

Responses of P. aztecus and P. setiferus to temperatures below 25°C, were dif-
ferent (Pig. 1). Orowth rate of P. aztecus increased rapidly between 15 and 20°¢C;

continued to increase, but at a slower rate, between 20 and 25°C. At 3500, not only
did growth rate deorease, but no animals survived more than 15 days (Zein-Eldin and
Griffith, 1966). |

The growih of P. Bétiferus increased at almost a congstant rate with temperatures
between 15 and 25°C (Oriffith and Zein-Eldin, MS). Gragth rate decreased between 32.5
and 3500, 80 that postlarval P. setiferus reared at 35 C were about the same sigze as

animals reared at 22.5%C.

Although growth of P. setiferus was the same at temperatures of 25—32.5°0 in this
series of experiments, other experiments performed in larger tanks (Zein-Eldin and
Griffith, MS) sugpgested that increasing temperature continued to stimulate growth at

temperatures greater than 25°C. MTark size or population density, or both, may affect
growth rate (Zein-Eldin and CGriffith, 1966). It is possible, therefore, that growth

of P. setiferus increases with temperature at least to 32,5°C (ZainaEldin and Qrif-

fith, MS). |

The groes tissue production (total weight of tissue produced by all shrimp sur-
viving the conditions for 1 mo) is another measure of the suitability of the environ-
ment. Beocause both the mean size of the survivor and the percentage survival are oon-
sidered, it may be uned to compare conditions in which a few large animals survive
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Fig. 1 Orowth rate (mm/day) of two epecies of postlarval penaeids exposed to various
temperatures (data for P. astecus from Zein-Eldin and Oriffith, 19663 for P.

Setiferus, Griffith and Zein-Eldin, MS).
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with those in which surviving individuals ars smaller but more numerous. Comparisons
of gross tissue production further emphasize the differential effect of temperature
(Fig., 2). The production of P. aztecus tissue declined sharply at temperatures above
27.5°¢C but the production of P. getiferus tissue continued to inorease. The dif-
ference wag primarily caused by a decreased survival of P. aztecus at temperatures

above 27.5°C (Zein—Eldin and Griffith,"1966).

3.3 Gﬂmhinafiunsﬂof salinity and temgsrature

| 3.3.1 Short-term survival Studies of 24-h survival in which perocentage
‘survival served as an indicator of tolerance have been conducted. Acolimation of

the animals to test oconditions, as previously veported, was rapid - completed in 12
to 24 h. ¥or the lowest temperature (7.0°C) and salinity (2%0)-1:.331;3(1, thise accli-
mation represented a change of about 1.0°C'per h, and a simultaneous decrease in sa-

1inity of about l_ﬂ'/oﬂ per h. |

The data indicated that the two species differed not only in temperature toler-
ances, but also in salinity tolerances (Fig. 3). Between 80 and 100 percent of
postlarval P, aztecus withstood 24-h exposure to temperaturesas low as 4-5°C (depen-
ding upon the meason of collection) if salinity was about 25%02; vet, 100 percent of
the animals died within 6 h if the temperature was reduced to 2°C (G. W. Griffith,
unpublished records). P. setiferus has a low temperature limit of about 7°C under
these same salinity conditions. At the other temperature axtremez over 90 perocent

of postlarval P. getiferus survived 35°C, but all died at 37,5°C Tahle-I).

TABLE I
Constant tgmperatur'e at which 80 percent of the animale survive

(salinity, 25° foo)

| Upper Lower Acclimation “Period of
Species Total length jipit limit time exposure  References
(mm) (°c) (%) - (h) (h)
Penasus aztacus 10-15 34 S6 | 12 24 2,3/
' 1/ 4/

Penasus aztecus  10-50 28 11-15 48 672 5,2/
;'Penaaus getiferus 8-.12', }35(3.7.5 >7.5410 _/ 12 24 - .l/ -
Penaeus setiferus - 8-50 232.5{35 15 ~ 1T7.5 - 48 672 546/
Penasus setiferus 50-100 335  <7.5 12 24 Yy

Estimated

Zein-Eldin and Aldrich (1965)
3. W. Griffith (unpublished data)
Depends upon season at which postlarvae are caught

riffith and Zein-Eldin (MS
Zein-Eldin and QOriffith (MS
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Fig: 3 Tweniy-four h survival of two specles of panaeids exposed to various combinations

of salinity and temperature (data from Zein-Eldin and Aldrich, 19653 for P,
etiferus, Oriffith, unpubliphed).
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| - 3.3+2 One-month survival Survival in both srecies for 1 mo is somewhat
less than that in the 24-h tests, in spite of a longer acclimation period (up to 4
days ). P. setiferus, however, were able to withstand higher salinities in the l-mo
growth experiments than in the 24-h experiments. Low temperature, except at high
salinities, apparently was less well tolerated by P. getiferus over a long period of
time than over a short one. In P. aztecus, too, long exposure decreased survival un-—
der some experimental gonditions. P. azteocus was generally less tolerant of the high
temperatures (32 nr-33°C) at all salinities. and did not survive combinations of low
temperature (11°C) at salinities less tha.nlﬁ%o (Zein-Eldin and Aldrich, 1965). Our
data on the ealinity aad temperature survival limits of both P. aztecus and P. seti-
ferus are summarized in Table I and 171. |

Jse3.3 'Growth-';The most extensive series of experiments whioh we have yer-
formed are those in which growth has been used as an index, We have tented P. aztecus
‘and P, Betiferus collected at various seasons of the year. Salinity and temperature
combinations at which tests were made are listed in Table III. |

. TABLE II
Salinity at whioh 80 percent of the animals survive

_(Tamperatura, EBGG)

Upper ‘Lower Acolimation Pbrind of
limit limit time exposure  References

- | - o (0/60) (b/bq) { "{h)__ _(h} .

Species Tota%miéngth

Pénaeus aztgcua 10—15 o > 40 (5_2/ - 12 _ | 24 y
Penacus aztecus 10-50 | »40 2 48 672 1/
Pehaaus_aﬁtiferusl - 8-12 - 40 - 45 42- o 12 24 3
Penaeus setiferus 50—100’ | o 340 (10 - 1.2. - 24 3/ .

. Psnaeus Batilfema | 8—-50 ) 40 L2 _48 ' - 672 4/
Penaeus setiferus 20-100 - ) 54 4 672 o 1’344 | 2/

NOTE: Period of acolimation is apparently of extreme importance. We plan expariments
- %0 document this point. All above data refer to animals brought in from the
Bea. ‘ | |
Zein-Eldin and Aldrich {1965)
Estimated '
6. W. Griffith (unpublished data)

Zein-Eldin and Griffith (MS)

v ke

Oriffith and Zein-Bldin (unpublishad data)
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Growth in both species was {ar more strongly affected by temperature at the same
aalinity than by salinity at the same temperature (Table IV). Little tissue was pro-
duced by either gspecles at the lowest temperatures tested. Growth in postlarval P.
aztecus increased markedly with temperature between 18 and 25°C (Fig. 4). Above 25%¢,

sy W —w e d

increasing temperature had much less effect on growth.

Growth in P. gsetiferus also increased between 18 and 2500 (Fig; 5). Temperature
above 2590 contimied to have g marked effect at salinities of 5 and 150/50. Thue,
twice as much tissue was produced by postlarval P. getiferus at the intermediate sa-
linities than at salinities of 2% and 35°/oo. Salinity aleso affected P. aztecus at
32,5°C3 the most tissue was produced at 35%°/oc (Pig. 4). -

TABLE I1IT
Salinity and temperature combinations tested

(W = P. setifaerus; 0 = no test made)

| (Salinity, ©/co)

B = P. azteous;

Tampgrature
2 5 15 25 35 40
1] W, B W, B Wy, B Wy, B W, B 0
15 0 W, B O W, B ) W, B
18 W, B "W, B W, B W, B W, B O
25 W, B W, B W, B W, B W, B O
32 W, B W, B W, B W, B W, B- 0
33 O - W, B O W, B O W, B

TABLE 1V

Increase in mean total length (mm) of two species of . Penaeus
‘postlarvae exposed for cne month to varicus combinations of
salinity and temperaturgi/

(Initial length of P. aztecus, 12.1 mmj P. setiferus, 6.1 mm
0 = no survivors)

1/ P. aztecus data from Zein-£ldin und Aldrich, 1965

18,7

P. setiferus data from Zein-Eldin and Ogriffith, MS

RO R

-
2 P. Bztecus 22.7T 0 0 O
P. setiferus 251 19.9 220 0
D P. aztecus 2745 - 21,8 6.2 0
Ea E_Etlfem 27- 9 14-'0 e 3 0

15 _1:- azteous 18-9 251- 3 7-0 0-5
Y. gsetiferus 25.9 177 1.7 G

25 Y. aztecus 31.0 23.1 8.0 0.6
P setiferus 2245 18,4 25 0

35 P. aztecus 26.2 224 3 6.2 U.f
_E. getiferus 15.1 2.1 1.
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4 ECOLOGICAL IMPLICATIONS

Specles differences in temperature and salinity tolerance as shown in the labo-

ratory may help explain life histories. Postlarval P. aztecus enter the Galveston Bay
- system in large numbers during February and March (BExter, 19633 Baxter and Renfro,
1967). This group of postlarvae is apparently spawned during the autumn of the preced-.
ing year, and overwinters in the open Gulf of Mexioco (Temple and Fischer, 1967).
These postlarvae appear to have survived low temperatures, growing very little, for a
period of about 4 mo. In the laboratory, it has been shown that postlarval P. aztecus
can survive temperatures as low as 11°¢C for 1 mo at salinities of the open Oulf (Zein-
Eldin and Aldrioch, 1965). Jrowth is insignificant at these temperatures in the labo-
ratory.

Following entry into the nursery areas, postlarval P. agztecus do not grow rapidly
until water temperatures exceed 20°C (St. Amant, Corkum and Broom, 1963). Similarly,
gignifiocant growth of laboratory-held postlarval P. aztecus ocours only at temperatures
of 20°C and above (Fig. 1); growth approaches maximal at 2500.

Laboratory studies have shown that combinations of low temperature and salinity
are detrimental to postlarval P. aztecus. Similar conditions may oocour during the win-
ter and spring in the nursery areas or estuaries. If they occur after the entrance of
the spring group of postlarval P. aztecus, they could be catastrophioc to the population
(Qulf States Marine Fisheries Commission, 1964 ). |

The bulk of the postlarval P. setiferus population is probably not exposed to low
temperature in nature. P. setiferus does not hecome abundant in Texas estuaries until
May when water tempsratures are well above 2590, and few enter estuaries as late as No-
vember when water temperatures are below 20°C (Baxter and Renfro, 1967). Thus, the in-
ability of the postlarval P. setiferus to withstand cold is probably leas important to
the species than the tolerance for temperatures of 30°C and above (Figs. '2, 3 and 5) -
temperatures to which postlarvae may well be exposed in the shallow, marshy nursery
areas during the summer.
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