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Ab stract. This study de ter mined thermoregulatory be hav ior of
prawns (Macrobrachium acanthochirus) in re la tion to ther mal con di -
tions of their nat u ral en vi ron ment (20-28°C). Pre ferred tem per a tures
(PT) and avoided tem per a tures were mea sured in a ther mal gra di ent
for or gan isms ac cli mated to 23, 26, 29, and 32°C. The acute ther mal
pref er ence (25.7°C) was ob tained graph i cally and by lin ear re gres -
sion: PT = 36.304 - 0.414 AT ± 0.15°C, where AT is the ac cli ma tion
tem per a ture. The model was highly sig nif i cant (P = 0.028, R2 = 0.996).
To de fine the re la tion ship be tween high avoided tem per a tures (HAT)
and low avoided tem per a tures (LAT) and AT, the fol low ing re gres -
sions were cal cu lated: HAT = 43.333 - 0.567 AT ± 0.39°C (P = 0.010,
R2 = 0.980), and LAT = 38.0 - 0.60 AT ± 0.63°C; (P = 0.024, R2 = 0.953).
Prawns ac cli mated at low AT had high PT val ues and vice-versa. At
in ter me di ate tem per a tures, the dif fer ences be tween AT and PT were
neg li gi ble. A sim i lar pat tern was ob served for the avoided tem per a -
tures. Spe cific ther mal ef fi ciency (STE) of the prawns is 77.5%.
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There fore, cul ti va tion of M. acanthochirus is rec om mended at lo ca -
tions where most fre quent tem per a tures are near the ther mal
preferendum for this spe cies. The range of M. acanthochirus ex pands
250 km north ward to Jalisco State and altitudinally to 600 m. Pre vi -
ously, the spe cies was known to oc cur from the State of Oaxaca to the
south ern part of Colima State.

Key words: Acu te ther mal pre fe ren dum, avoi ded tem pe ra tu res, Ma -
cro bra chium acant ho chi rus, Pa lae mo ni dae, prawn, ran -
ge ex pan sion, ther mo re gu la tory beha viour.

TEMPERATURAS PREFERIDAS Y EVITADAS DEL
LANGOSTINO Ma cro bra chium acant ho chi rus

(CRUSTACEA, PALAEMONIDAE)

Re su men. Se de ter mi na ron las tem pe ra tu ras pre fe ri das y evi ta das del
lan gos ti no Ma cro bra chium acant ho chi rus en re la ción a las con di cio -
nes tér mi cas de su am bien te na tu ral (20-28°C). Las tem pe ra tu ras se
mi die ron en un gra dien te tér mi co en or ga nis mos acli ma ta dos a 23, 26,
29 ó 32°C. El pre fe ren dum tér mi co agu do (27,5°C) se ob tu vo grá fi ca -
men te y de la re gre sión li neal: TP = 36,304 – 0,414 AT ± 0,15°C; mo -
de lo que fue sig ni fi ca ti vo (p = 0,028; R2 = 0,996). Con el fin de de fi nir
la re la ción en tre las tem pe ra tu ras evi ta das al tas (TEA) y ba jas (TEB) y 
TA se cal cu la ron las re gre sio nes: TEA = 43,333 – 0,567 TA ± 0,39°C
(p = 0,010; R2 = 0,980) y TEB = 38,0 – 0,60 AT ± 0,63°C (p = 0,024;
R2 = 0,953). Los lan gos ti nos acli ma ta dos a ba jas tem pe ra tu ras pre fi -
rie ron tem pe ra tu ras al tas y vi ce ver sa, mien tras que a tem pe ra tu ras in -
ter me dias la di fe ren cia en tre TP y TA fue in sig ni fi can te. Se ob ser vó
un pa trón si mi lar en las tem pe ra tu ras evi ta das; y la efi cien cia tér mi ca
es pe cí fi ca (ETE) de los lan gos ti nos fue 77,5%. Para el cul ti vo de esta
es pe cie se re co mien dan si tios don de las tem pe ra tu ras más fre cuen tes
se en cuen tren al re de dor del pre fe ren dum tér mi co. Ma cro bra chium
acant ho chi rus pre via men te se en con tró des de el Esta do de Oa xa ca
has ta la par te sur del Esta do de Co li ma. En este es tu dio se en con tró en
el Esta do de Ja lis co, lo cual sig ni fi ca que su dis tri bu ción se ex pan dió
250 km ha cia el nor te y so bre los 600 msnm.

Pa la bras cla ve: Com por ta mien to ter mo rre gu la dor, ex pan sión de
dis tri bu ción, lan gos ti no, Ma cro bra chium acant ho -
chi rus, Pa lae mo ni dae, pre fe ren dum tér mi co agu do,
tem pe ra tu ras evi ta das.
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INTRODUCTION

Sev eral prawn spe cies in habit rivers of the cen tral Mex i can Pa -
cific coast, in clud ing Macrobrachium americanum, M. occidentale,
M. michoacanus, M. hobbsi, M. tenellum, M. digueti and M.
acanthochirus (Villalobos 1966, Wicksten 1989, Nates and
Villalobos 1990). These spe cies are caught in dis crim i nately, be -
cause all are highly-val ued by con sum ers. Dur ing the rainy sea son,
when rivers rise, these or gan isms are swept by cur rents to es tu ar ies,
where lar vae hatch. It is dur ing these mas sive mi gra tions when
prawns are cap tured, and M. occidentale and M. acanthochirus com -
prise 60% of the com mer cial catch. In Mex ico, the ge nus
Macrobrachium is widely dis trib uted, but lit tle is known about its
ther mal be hav ior.

Tem per a ture in flu ences vi tal pro cesses of or gan isms and may
be a le thal fac tor. How ever, or gan isms are able to with stand ad verse
tem per a tures via ther mal ac cli ma tion. This pro cess in volves com -
pen sa tory changes that oc cur dur ing the life time of the an i mal
(Claussen 1980). In nat u ral en vi ron ments, or gan isms may be ex -
posed to un fa vor able tem per a tures, but have mech a nisms to de tect
and avoid such tem per a tures. Avoided tem per a tures are tem per a -
tures in which or gan isms spend the least time; or gan isms are less ac -
tive in ther mally neu tral en vi ron ments. Ther mal pref er ence and
avoid ance of cer tain tem per a tures mod u late the func tional re la tion -
ships be tween the or gan ism and its en vi ron ment, thus af fect ing the
sur vival of the spe cies (Giattina and Garton 1982). Op ti mum val ues
of phys i o log i cal pro cesses oc cur within the in ter val of pre ferred
tem per a tures, e.g. the spe cies im proves its per for mance when liv ing
within the in ter val (Giattina and Garton 1982). The con cept of per -
for mance in cludes op ti mum rates of in ges tion and as sim i la tion,
growth, health, en vi ron men tal ad ap ta tion and func tions of con trol
sys tems. The op ti mum tem per a ture is the am bi ent tem per a ture
where or gan isms ex pe ri ence least stress (Nichelman 1983). Be cause 
ther mal pref er ence is in flu enced by sev eral fac tors, or gan isms in
nat u ral en vi ron ments do not al ways live within the op ti mum tem per -
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a ture in ter val. Like any other en vi ron men tal stressor, ad verse tem -
per a tures in hibit in ges tion rates, caus ing de creased growth rates
(Nichelman 1983). The au thor em pha sizes that both ex ploi ta tion and 
man age ment of aquatic or gan isms must be based on de tailed un der -
stand ing of their bi ol ogy. Thus, study of re la tion ships be tween or -
gan isms and their en vi ron ment is im por tant to im ple ment ing their
suc cess ful cul ti va tion. The pur pose of this work is to study the
thermoregulatory be hav ior of Macrobrachium acanthochirus and its 
re la tion ship with ther mal con di tions of the nat u ral en vi ron ment.
This in for ma tion makes it pos si ble to de fine the most fa vor able ther -
mal con di tions for cul ti vat ing the spe cies.

MA TE RI ALS AND METH ODS

Macrobrachium acanthochirus prawns were caught at sites in
Jalisco State, Mex ico, and each site was lo cated by us ing a geo -
graphic po si tion ing sys tem (Ma gel lan Model NAV 5000DX). These
sites were at 19°37’30"N, 104°32’73"W in the Purificación river at
Hermenegildo Galeana, Lo Arado, Casimiro Castillo Mu nic i pal ity;
at 19°19’14"N, 104°53’32"W at El Rebalse de Apazulco, La Huerta
Mu nic i pal ity; and at 19°13’10"N, 104°38’14"W in the Seco river in
Cihuatlán Mu nic i pal ity. Prawns were caught us ing cone-shaped
creels made of reed or bam boo, placed on river bot tom with the cone
open ing to ward the cur rent. Most of the sam ples were noc tur nal dur -
ing the dry sea son and di ur nal dur ing the rainy sea son, when the or -
gan isms were swept by the cur rents in the swol len rivers
(Hernández-Díaz 2003). Prawns were trans ported to the lab o ra tory
in plas tic con tain ers filled with wa ter taken from the col lect ing site
and aer ated with por ta ble air pumps. Ze o lite was placed on the bot -
tom of con tain ers to par tially elim i nate ni trog e nous waste
(Hernández-Díaz 2003). In the lab o ra tory, wa ter was grad u ally
changed un til or gan isms were re leased into 2500 L fi ber glass tanks
con tain ing unchlorinated aer ated wa ter and 1” PVC ref uge tubes.
The fol low ing physicochemical char ac ter is tics of the wa ter were
main tained with weekly mon i tor ing: tem per a ture: 23 ± 1°C
(Brannan ther mom e ters; ± 0.1°C); pH: 7.9 (Conductronic 20; ± 0.01
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units); ox y gen con cen tra tion: 5.8 - 6.2 mg O2/L (oxymeter and
polarographic sen sor; HACH 16046-00 YSY 5739; 0.1 mg O2/L);
hard ness: 136.75 and al ka lin ity: 111.50 mg CaCO3/L (APHA 1992). 
The photoperiod was a 12:12 h light-dark cy cle. Prawns were fed
daily with a bal anced com mer cial diet (35% pro tein) at 3% of body
weight. Wa ter was par tially changed weekly, and or gan isms re -
mained in these con di tions for 30 days.

Sub se quently, the prawns were di vided into four groups (20 or -
gan isms each) and placed in 150-L fi ber glass aquaria. The first
group was main tained at 23°C, while wa ter tem per a ture of other
groups were in creased 1°C/day, us ing a 200 W heater, un til ob tain -
ing 26, 29, or 32 ± 1°C. The ac cli ma tion pe riod lasted 15 days.

Ex per i men tal tem per a tures (23-32°C) were cho sen con sid er ing 
the high and low tem per a tures at the site where the prawns were
caught. The mean an nual tem per a ture in the area is in the 20-28°C
range, with a min i mum of 10°C in Jan u ary and Feb ru ary, and a max i -
mum of 40°C in the months of June, July, and Au gust (Estación
Metereológica Chamela 2000).

Ther mal pref er ence of or gan isms, ac cli mated to the dif fer ent
ex per i men tal tem per a tures, was mea sured in a hor i zon tal trough
(300 cm length and 20 cm di am e ter) where a ther mal gra di ent was
sta bi lized from 5 to 45°C (Espina et al. 1993). At one end of the tube, 
the wa ter was cooled with a Frigo Thermomix sys tem (VWR ±
0.02°C), whereas higher wa ter tem per a tures at the op po site end were 
pro duced by heat ing with a 1000 W ti ta nium heater (± 0.2°C). The
15 cm wa ter col umn was kept per ma nently aer ated us ing a plas tic
tube (with mul ti ple per fo ra tions) placed on the bot tom of the trough,
thus pre vent ing ther mal strat i fi ca tion. The tube was cov ered with
plas tic mesh which served as sub strate for the or gan isms. The 300
cm tube was marked into 15 cham bers whose tem per a tures were re -
corded us ing thermocouples con nected to a dig i tal thermosensor
(Digi-Sense 8528-10, Cole Parmer). Or gan isms were placed in the
trough in groups (N = 4-5) in the sec tor cor re spond ing to their ac cli -
ma tion tem per a ture. Four tri als were con ducted for each ac cli ma tion 
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tem per a ture (N = 16-20). Only prawns in the intermolt stage and
starved for 24 h were in cluded in the ex per i ment. Prior to the ex per i -
ment, color-coded tags were af fixed to the backs of the an i mals with
cyanoacrylate ad he sive. Po si tions of prawns in the var i ous cham bers 
and tem per a tures therein were re corded ev ery 10 min dur ing 180
min. Mea sure ments started 30 min af ter trans fer; and were taken via
a mir ror to avoid per turb ing the or gan isms. The ex per i ments were
per formed be tween 08:30 and 12:00 h.

Me dian pre ferred tem per a tures were plot ted against ac cli ma -
tion tem per a tures. Me di ans and their con fi dence in ter vals (P<0.05)
were cal cu lated ac cord ing to the Ex plor atory Data Anal y sis ap -
proach (Hoaglin et al. 1983). Lin ear re gres sion was also per formed
on the re la tion ship be tween the acute pre ferred tem per a ture (PT) and 
the ac cli ma tion tem per a ture (AT). Acute ther mal preferendum was
ob tained, in both cases, from the in ter sec tion of the pre ferred tem -
per a ture curve, and the 45° line. The model for this re la tion ship was:
PT = 36.304 - 0.414 AT ± 0.15°C, p = 0.028 and ac counted for
99.6% of the vari a tion (R2 = 0.996).

Tem per a tures avoided by the prawns were cal cu lated from the
con fi dence in ter vals of the me dian val ues of the ther mal preferenda
(Hernández-Díaz 2003). Lin ear re gres sions be tween avoided tem per -
a tures and the ac cli ma tion tem per a ture were also per formed. The re la -
tion ships for high avoided tem per a tures (HAT) and low avoided tem -
per a tures (LAT) were as fol lows: HAT = 43.333-0.567 AT ± 0.39°C,
p = 0.010, R2 = 0.980 and LAT = 38.0-0.60 AT ± 0.63°C, p = 0.024,
R2 = 0.953. Dif fer ences be tween avoid ance tem per a tures were also
cal cu lated, in or der to es ti mate spe cific ther mal ef fi ciency (STE).
Curves were fit ted us ing least squares method (Zar 1999). Sta tis ti cal
sig nif i cance of data (P<0.05) was de ter mined by anal y sis of vari ance.

RE SULTS

Mor tal ity dur ing ac cli ma tion to 29°C was 20% and 30% at
32°C. This was at trib uted partly to can ni bal ism of newly-molted or -
gan isms.
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Weight of or gan isms ranged from 15.13g to 25.24g (Ta ble 1)
and sig nif i cant dif fer ences (P<0.05) in weight were ob served be -
tween the group ac cli mated to 29°C and other groups. Within the
ther mal gra di ent, all groups pre ferred tem per a tures dif fer ent from
their ac cli ma tion tem per a tures (Fig. 1, Ta ble 1). Con sid er ing ex -
pected val ues, prawns ac cli mated to 23°C pre ferred tem per a tures
14.2% higher, whereas prawns ac cli mated to 32°C pre ferred tem per -
a tures 41.2% lower than AT (Ta ble 2, Fig. 2).

Me dian and mean val ues were sim i lar, in di cat ing that data ap -
proached a nor mal dis tri bu tion (Ta ble 1). From the box plot data on
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TABLE 1. Pre fe rred tem pe ra tu res of Ma cro bra chium acant ho chi -
rus ac cli ma ted to dif fe rent tem pe ra tu res (°C).

Elements and
Estimators

Acclimation Temperatures (°C)

23 26 29 32

M 27.5 26.5 23.3 22.7

Hs 31.4 29.5 29.1 26.0

Hi 23.6 21.7 20.2 20.2

DH 7.8 7.8 8.9 5.8

Cs 43.1 41.2 42.4 34.7

Ci 11.9 10.0 6.8 11.5

CI 24.51, 23.67 19.79, 20.16,

30.49 29.33 26.81 25.24

X 26.60 25.40 24.30 23.50

SE ± 1.23 ± 1.08 ± 1.26 ± 1.06

Weight (g) 22.3
(20.23, 24.37)

21.1
(19.8, 22.4)

16.0
(15.13, 16.87)

18.0
(20.16, 25.24)

(N) (17) (19) (16) (13)

Pa ra llel box plot, ele ments and es ti ma tors:      M = Me dian,    Hs = upper forth, 
Hi = lo wer forth, DH = forth-spread, Cs = upper ou ter cu toff, Ci = lo wer ou ter
cu toff, X ± SE = mean ± stan dard error, (N) = num ber of or ga nisms.
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 FIGURE 1. Re la tions hip bet ween pre fe rred and ac cli ma tion tem pe ra tu res
(°C) of Ma cro bra chium acant ho chi rus. A. Vi sual ins pec tion ad -
just ment, B. Li near re gres sion ad just ment. Arrow shows acu te
ther mal pre fe ren dum.
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FIGURE 2. Re la ti ve chan ge (%) in tem pe ra tu re res pon se (TR) of Ma cro -
bra chium acant ho chi rus with res pect to ac cli ma tion tem pe ra tu -
re (AT). HAT: high avoi ded tem pe ra tu re, LAT: low avoi ded
tem pe ra tu re.

TABLE 2. Expec ted va lues of pre fe rred and avoi ded tem pe ra tu res
(°C) of Ma cro bra chium acan to chi rus ac cli ma ted to dif -
fe rent tem pe ra tu res.

AT PT (PT-AT) LAT (LAT-AT) HAT (HAT-AT)(HAT-LAT) STE

23 26.8 3.8 24.2 1.2 30.3 7.3 6.1 0.68

26 25.5 –0.5 22.4 –3.6 28.6 2.6 6.2 0.69

29 24.3 –4.7 20.6 –8.4 26.9 –2.1 6.3 0.70

32 18.8 –13.2 18.8 –13.2 25.2 –6.8 6.4 0.71

*25.7 *25.7 *22.6 *28.8 *6.2 *0.69

AT = ac cli ma tion tem pe ra tu res. PT = pre fe rred tem pe ra tu res. LAT and HAT = low 
and high avoi ded tem pe ra tu res. STT = sco pe for ther mal to le ran ce.
*Esti ma ted va lues as so cia ted to the acu te ther mal pre fe ren dum.



up per and lower lim its (HS and HI), it is es ti mated that prawns did
not make in cur sions into the gra di ent sec tors with ex treme tem per a -
tures (Ta ble 1). In gen eral, or gan isms chose tem per a tures 23% lower 
than the up per limit and 36% higher than the lower limit.

The fi nal preferendum or point where pre ferred and ac cli ma -
tion tem per a tures are equal (Mathur et al. 1982), was de ter mined
graph i cally (Fig. 1A) and from re gres sion be tween acute pre ferred
tem per a ture (PT) and ac cli ma tion tem per a ture (AT) of spec i mens
(Fig. 1B). The val ues ob tained by both meth ods were 25.7°C.

Ex pected val ues for pre ferred tem per a tures, ob tained us ing the
model, are in cluded in Ta ble 2. Dif fer ences be tween these val ues
and those of ac cli ma tion tem per a tures are in the range +3.8 to
–13.2°C.

As with the pre ferred tem per a tures, avoided and ac cli ma tion
tem per a tures dif fered; rel a tive val ues are shown in Fig. 2. Dif fer -
ences be tween low avoided tem per a tures (LAT) and ac cli ma tion
tem per a tures range from +1.2 to –13.2°C, while dif fer ences be tween 
high avoided tem per a tures (HAT) and ac cli ma tion tem per a tures
ranged from +7.3 to –6.8°C.

Re gard less of am pli tude of such ranges, prawns did not make
in cur sions into le thal tem per a tures, re main ing in ther mal spaces
23% lower than the av er age the o ret i cal up per limit (42°C) and 36%
higher than the av er age lower limit (10°C) (Ta ble 2). As with pre -
ferred tem per a tures, avoided and ac cli ma tion tem per a tures dif fered;
rel a tive val ues are shown in Figure 2.

DIS CUS SION

High mor tal ity among prawns main tained at 29°C and 32°C
may be partly due to the pos si bil ity that such tem per a tures are ex -
treme for these or gan isms when in cap tiv ity, caus ing an in crease in
their ac tiv ity. The av er age an nual tem per a ture in their nat u ral hab i tat 
ranges from 20-28°C. In ad di tion, prawns in their nat u ral en vi ron -
ment take ref uge on river bot toms, where tem per a tures are lower. On 
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Com pared to the preferenda of other spe cies, the acute ther mal
preferendum of M. acanthochirus (25.7 ± 0.40°C) is iden ti cal to the
noc tur nal preferendum ob tained for Procambarus clarkii (26.7 ±
0.13°C) by Bückle et al. (1994). These au thors re ported that the fi nal 
di ur nal preferendum of the craw fish was 24.0°C, which is sim i lar to
the acute preferendum of the same spe cies (Espina et al. 1993) and
12% lower than the acute preferendum of M. acanthochirus.

Tem per a ture con trols phys i o log i cal pro cesses as well as be hav -
ior and dis tri bu tion of exo ther mic or gan isms (Hutch in son and
Maness 1979). There fore, be hav ioral re sponses al low or gan isms to
in crease their ther mal tol er ance in ter val and ex ploit a heterothermal
me dium by en larg ing their en vi ron men tal space. Prawns (M.
acanthochirus) were ob served by Villalobos (1966) in the State of
Oaxaca and as far as the south ern part of Colima State. In this work,
prawns were found at lo ca tions in the State of Jalisco, thus in creas -
ing sub stan tially the dis tri bu tion of M. acanthochirus to 250 km
north ward and to 600 m altitudinally (Hernández-Díaz 2003).

This geo graph ical ex pan sion is in ter preted from re sults ob -
tained for the ther mal space lim ited by the tem per a tures avoided by
the prawns. Giattina and Garton (1982) state that pref er ence and
avoid ance are in sep a ra ble as pects of the thermoregulatory be hav ior
of spe cies and that the area lim ited by the avoided tem per a tures is
equiv a lent to the tol er ance area. In M. acanthochirus, like in other
or gan isms, avoided tem per a tures were in versely pro por tional to ac -
cli ma tion tem per a tures. This agrees with what has been ob served in
other or gan isms (Mathur et al. 1982, Espina et al. 1993). Ther mal
space be tween the avoided tem per a tures cor re spond ing to the pre -
ferred tem per a ture was 6.2°C (Ta ble 2). On the other hand, the av er -
age am bi ent tem per a ture ranges from 20 to 28°C. Based on these
data, the spe cific ther mal ef fi ciency (STE) (Bückle et al. 1996) of
prawns is 77.5%. How ever, con sid er ing the ther mal in ter val that ex -
ists through out the year be tween min i mum and max i mum tem per a -
tures (40°C-10°C), the STE is only 21%. These data ex plain the low
pop u la tion lev els of M. acanthochirus in rivers in Jalisco State and in 
the Purificación and Ar royo Seco rivers dur ing the hot, dry sea son,
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and abun dance of these or gan isms fol low ing the rainy sea son
(Hernández - Díaz 2003). It is likely that dur ing very hot or very cold 
pe ri ods the prawns use nat u ral ref uges at ap pro pri ate tem per a tures,
as ob served in O. causeyi by Loring and Hill (1976).

The ther mal tol er ance in ter val of prawns ranged from 68% to
71% in the 23-32°C ac cli ma tion in ter val, with a mean value of 70%,
which ap proaches the value cal cu lated con sid er ing the an i mals’
acute preferendum. In con trast, in the 20°C to 28°C in ter val, the the -
o ret i cal ef fi ciency is 77%. Al though the max i mum crit i cal tem per a -
ture has not been mea sured, it is pos si ble that 32°C is stress ful for M.
acanthochirus. Thus, these re sults may be im por tant to suc cess fully
cul ti vate this spe cies.
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