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Some effects of temperature on the growth and metabolic rate of juvenile blue crabs,
" Callinectes sapidus, in the laboratory*

C. W. LerFLER

Department of Zoology, University of Florids; Gamesville, Florida, USA

Abstract

Juvenile blue- arabs, Uolinestes sapidus RATHBUN, werse
grown in the laboratory at different temperatures, and
metabolic-rate determinstions were made. Growth is shown
to be depetident tipon teinper&turs. Crabs kept at high term-

peratures (34° and 27 °C) grow faster than those kept at lower -

temperatures (13°, 156° and 20 °C). Increass in size per molt
is leas at higher temperatures than st lower ones. Mortality is
directly proportional to temperature between 13° and 34 °C
and is very high during eodysis at elevated temperatures.
Metabolic rate increases with temperature, but various de-
grees of acolimation are seen after 4 weeks exposure. No aocli-
mation of genersl activity to temperature was found. The
findings are applied theoretically to crabs living in the region
of heated dmgrge cansls of electrical generators: the. motile
blue arsb could extend ite growing season without decressing
size at maturity by sctive selection of thermal surroundings.

. Introduction

In the ooeans, temperaturs is commonly & master
physical factor controlling the lives and distributions
of organisms. The effect is particularly pronounced in
the_ghallow_estusrine_zones, where large temperature
changes may oocur diurnally, seasonally, and from day
to day. ‘

Latitudinal variations within s species in metabo-
lism, growth, and activity responses to temperature
(Frorxmv, 1960; Szear, 1967) and seasonal changes
in the metabolic rates at a given temperature and
within thermal tolerance limits (BurLoor, 1955;
Frorgrix, 1960) indicate that many estuarine animals

have the ability to partially compensate for tem-

perature changes. Although such alterations enable
the organism to exist in & wide range of thermal
surroundings, its life pattern (feeding, growth, repro-
duction, and death) is manipulated by the ambient
temperature. » :
Recently, man has begun to significantly alter the
thermal environments of specific estuarine zones by the
discharge of heated water from electrical generators.
‘With more and larger power Ifacilities being built
(including very large atomio reactors), the need for

* In part based on a thesis submitted in partial fulfll-
ment of the requirements for the Degree of Master of Science
at the University of Flarida, USA. ) :

knowledge of the influence of elevated temperatures
on estuarine orgsnisms is more oritical than ever
before. The increased water temperatures can pro-
foundly effect mortality rates, growth, and metabolism,
as well a8 every other life process (NA¥LOR, 1865).

Some marine animals grow more rapidly in warm
water than in cooler water (Apams, 1869; Navmaw
and Comy, 1969). However, warmer water does not
invariably result in accelerated growth (BryrT, 1971),
and frequently results in smaller size at completion of
growth. Becanse, in some species, large final size is in-
dicative of long, slow growth rather than rapid growth,
marine and estuarine animals often attain their great-
est dimensions in the cooler aress of their distributions
(Kvwva, 1968, 1967).

" "In Callinectes sapidus, the growth rate seems to be

decelerated by cold water. Thus, the average time
necessary to reach maturity is 13 to 18 months in
Chesapeake Bay (CEumomIL, 1948; Vax Enear,
1958) but less thsn a year in the St. Johns River,
Florida, USA . (Tacatz, 1968). It is possible that- the
number of post-larval molts is fixed (Vax ExazL,
1958). Molting in females ceases with afttainment of
maturity. Although males may molt sfter reaching

maturity, the rate is slow and the size inarement per

molt small (Gray and NEwoomss, 1938). There is no
reagon to believe that variation in maximum molt-
number, if it oocurs, is correlated to temperature.
Therefore, it is assumed that the maximum size
reached by blue crabs reflects the size increase per
molt rather than the number of molts. While size in-
crease per molt msy be inversely proportional to

. énvirorimental ~temperature and, thus, final "&ize

greatest at lower temperatures as in some fish (Bxwm,
1963) no conclusive data have been compiled on this
subject. o

The following investigation was undertaken to
determine the effects of temperature on (1) growth
rate, (2) adult size, (3) mortsality rate, (4) metabolic
rate, (6) gross activity of juvenile Callinectes sapidus.
The results are utilized to present hypotheses of pos-
gible effects of a heated discharge on blue crabs living
within it. '
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_ Materials and methods

In order to determine some effects of temperature
on Callinectes sapidus, two types of experiment were
utilized: growth under controlled laboratory condi-
tions, and metabolic rate determinations.

The experimental animals were juvenile blue crabs
(20 to0-69 mm carapace width) of both sexes from the
Cedar Key area, Florida, USA. Collections of crabs
were made oontlnuously from September, 1970 to
June, 1974.

The impact of temperature on molting rate and
gize incresse per molt was determined by growing
juvenile blue crabs at controlled temperatures in
aquaria and recording their growth. The experimen-
tal tanks were 27 gallon (1081) aquaris divided by
fiberglass screen partitions into 10 chambers. Tem-
peratures within the tanks were maintained ( + 0.5 C°)
by thermostatically controlled aguarium heaters and
a low-temperature water-bath. The temperatures
employed were 34°, 27°, 20°, 156°, and 43 °C.

Salinity, as well ‘as temperature, was controlled to
determine any interrelationship between these two
factors, The salinity was the same in all tanks at any
single time, but was lowered-twice. during. the. course
of the investigation by the addition of deionized water.

The three salinities employed were 27, 24, and 15%,.

~ The floors of the tanks were covered with coquina
(Donaz variabilis) shell-fragments, which acted as pH
buffers. The pH of all experimental water was ap-
proximately 7.9. The water was aerated and circulated
by air stones placed in the empty chambers at the ends
of each tank, and filtered through synthetio filter-floss
and activated charcosl by & power filter. The water in
‘each tank was completely replaced at 1% month
intervals.

All corabs’ were slowly acclimated before being
placed in experimental tanks, to prevent thermal or
salinity shock. Each tank housed 8 crabs. Individuals
which died or were infected with Sacculine were
recorded and replaced by others previously acclimated
to the salinity and temperature of the test tank. .

Experimental corabs were fed a mixed diet of
grouper fllet and beef or pork liver. Small pieces of
Caulerpa, lettuce, or Sargassum were kept in each
chamber. The crabs were fed more than they would
eat; fresh food was given to them each day.

Carapace width (distance between the tips of
lateral spines) of the crabs was measured initially and
b days after each molt. Dates of molts were recorded.
Observations of activity, food copsumption, and ag-
gression were made throughout the 6 months of test
growth.

The effect of temperature upon the standard meta-
bolic rate of juvenile Callinectes sapidus was deter-
mined by measuring the change in oxygen concen-
tration in a clogsed chamber:

(1} A juvenile intermolt crab (2 to 6 g weight) was

14 Marine Blology, Vol 14

C. W. LEFFLER: Tempemtui-e effeots on blue orabs

105

placed in a 11 Erlenmeyer flask filled with water from
the tank in which the crab had been living. The crab
had been living for at least 4 month at the temperature

* designated as the acclimation temperature.

(2) The flask was pla.oed in a constant temperature
water bath for 20 min. The chamber was then alosed
with a tight fitting, rubber stopper, through which
had been placed 2 hypodermlo needles each attached
to a 50 ml disposable syringe.

(8) Thirty milliliters of seawater of the same tem-
perature and salinity as inside the chamber were forced
into the chamber through one syringe, causing a 30 ml
sample to be pushed into the other syringe. Two sam-
ples were taken in this manner at time zero and two
more were taken 1} h later.

(4) The oxygen concenfration of each sample was
determined using the Winkler method of oxygem
determination as out]med in STRIORT.AND and PARSons
(1968).

In each test situstion, & chambers were wused:
4 control (no orab); 2 chambers with female crabs;
2 chambers with male crabs.

To determine the effect of the falling oxygen con-
centration on the metabolic rate during the expenments :
samples were taken at 4 h intervals over 2 h nsing the .
procedure outlined above. Again, 2 males and 2 fe-
males were used. This test was made at both 20°C

" (with crabs scclimated to 20 °C) and 34 °C (with crabs
‘acalimated to 34 °C).

The salinity was 27.%, for all metabolism experi-
ments. All tests were made between 10.00 and 14.00hrs
to negate any effests of a dimrnal rhythm on the
metabolic rate.

- .. Rwulm_ e _ ——

The average percent growth per molt and average
intermolt periods of juvenile Callinectes ~sapidus
grown in the laboratory tanks ate shown in Table 1. .
These are applied to & starting size of 22 mm to gen-
erate the growth rate of s theorefical average crab.at
34°, 27°, 20°, 156° and 43°C. The rates are shown
graphically in Fig. 4. Average growth rate! inoreases
with temperature from 43° to 34°C. Thus, after
70 days of growth, an average 22 mm orab will grow to

56 mm, if kept at 34°C; 48 mm, if kept at 27 °C;

40 mm, if kept at 20°C; end only 38 mm, if kept
at 16 °C. ‘

As ghown in Fig. 2, the molting rate (molts per
unit time) increases rapidly with increaging tempera-
ture from 18° to 27 °C. The increase in molting rate
with temperature increase continues between 27° and
34 °C, but is much less than between 413° and 27 °C.
Thus, the average number of crab-days (number of

1 All growth.rate differences cited (intermolt duration,
percent growth per molt, and total growth-rate) ars mgmﬁoe.nt
to the 856 % confldence lovel (Student ¢ test).
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Table 1. Callinacies sapidus. Average growih in laboratory

Temperature Number Carapace width Average Average

°C) of acrabs before molting growth ntermolt
(mm) per molt period
(%) (Gays)
34° '8 20—26 13.31 74
13 27—34 14.68 9.6
17 - 35—42 19.95 111
10 43—51 15.18 15.68
6 §2—80 23.35 18.6
27° 11 20—26 13.49 11.7
11 27—34 16.43 14.0
14: 36—42 20.5%7 18.5
8 43— 51 25.66 23.7
3 52—80 27.08 20.5
20° B 20—26 39.64 17.3
6 27—34 20.38 35.0
7 356—42 18.66 36.7
6 - 43—b1 19.94 32.8
4 52—60 26.54 40.7
16° 2 2734 16.96 25.5
8 35—42 23.93 56.4.
3 43—60 21.66 81.0
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Fig. 1. Callinecies sapidus. Average growth-rate (increase in
carapaoe width per unit time) of blue arabs grown st 34°, 27°,
20°,16°, and 13 °C in the laboratory. Points were determined
using the average starting size (22 mm) of experimental crabs
20 to 26 mm in carapace width and a.pfwlying the post-exuvial
percent width-increments and intermolt periods for each size
range from Table 1. Lines connectd ints indicate trends
only, as increase in carapace width of biue crabs agsinst time
is, in reality, & stepwise progression

crabs x number of days) per molt at 34 °C iz 27.7 and
only increases to 30 at 27 °C, while at 20 °C, the average
number of crab-days per molt is 57.6. Finally, below
13°C, growth essentially ceases. In 524 crab-dsys,
only two molts were recorded at 13 °C.
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Fig. 2. Callinectes sapidus. Effect of tem&)erature upon molt-
ing frequency. Each point represents total number of molts in
1440 orab-days (8 chambers with 1 arab each x 180 days) at
temperature designated. Total nwmber of molts from 13 °C
experimentsl period and 15°0 period were pooled to give
number of molts in 1440 crab-days. This is indicsted as number
- " of molta at 14°C
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Tig. 8. Callinecies sapidus. Effect of temperature upon number
of molts -required: for average--blue arab. grown.in.laboratory

.40 arease in gize from 22 to 60 mm carapace width. Based on

post-exuvial percent width-mcerements shown in Table 1

The average post-exuvial percent width incre-
ments are shown in Table 1. Statistical analysis
(Student ¢ test) shows the average size-inoreases per
molt at 20 °C to be greater than those at 27 °C (956%
confidence). The difference between mean percent
growth per molt at 27° and 34 °C, while continuing

- 4o show & decrease with temperature increase, is not
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Fig. 4. Callinectes sapidus. Effect of temperature upon mor-

tality rate in laboratory. Each point represents total number

of erabs which died in 1440 crab-days (8 chambers with 1 crab
‘ each x 180" days) at temperatnre designated

Table 2. Oallinectes

various fem ures (total deathe and deaths during eadym)
AR data 45 based on 8 chambers each ocoupied by 1 crab
-all t¥mes over 180 day period

Tempersture Number Deaths Mortality Total deaths

(°C) per of molts during during i 1440 arab-

: ecdysis  ecdysis - deys (8 cham-
(%) bers x 180 days)

34° " 53 5 0.4 26

27 48 4 9.2 16

20° 25 2 2.9 7

13°—18° 13 0. 0 2

gignificant at the 956% confidence level. Because the
everage percent growth per molt decreases with in-
creasing temperature, particularly between 20° and
27 °C, the average. number of molts required. to reach
a._parhculm: size must increase with temperature. The
relationship of temperature to the average number of
molts required to increase in carapace width from
22 to 60 mm (based on the post-exuvial percent width
increments in Table 1) is shown in Fig. 3. Notice that,
at 15° and 20°C, 5 and 4.49 molts are necessary to
grow from 22 to 60 mm, but at 27° and 34 °C, the
number increases to 8.42 and 7.07, respeotively.
Between 13° and 34 °C, mortality is direotly pro-
portional to temperature (Fig. 4). It is extremely high
(1 death every 55.5 crab-days) at 34 °C, but drops to

14

0. W. Larrize: Temperature effeots on blus crabs

idus. Rade of mortalily of fuveniles at_'

107

- -

filles

.08

08

04

0p UPTAKE (ML.0,/GH}

.02+

T

3t T 20° T
TEMPERATURE (*C)

Fig. 5. Callinectes sapidus. Eﬂ'eot of temperature upon standard
metabolio rate (O, used/g - h) of juveniles after more than
4 weeks soclimation to test temperature, Each point

resents mean O, consumption/g of 4 crabs (2 males and 2 1P -
males) at temperature designated (values are shown in Table 2)

Table 8. Oallinectes sapidus. Standard metabolic rates of jd-
ventles under various tes-temperabure/acclimation-temperature

combinadionss

" Test Acclimation Oy Metabolio rate
temperature  temperature  (ml/l) (ml Oy/g - h)
*0) 0
34° 34° 2.9 0.1209 + 0.0255
27° a7r 2.6 0.0800 = 0.0084
20° 20° 3.5 0.0741 £ 0.0154
1° 13° 5.2 0.0128 £ 00051
34° TTETOT TR T 04407 £ 0.0124
247° 20° 2.4 0.1321 + 0.0109
27° 34° 2.7 0.0724 + 0.0382
20° 27° 2.6 0.0685 - 0.0144
13° 20° 34 0.0576 & 0.0327

s All metaboliem experiments are based on orabs weigh-
ing between 2 and 6 g. In preliminary studies, metabolio
mtes were determined for 18 crabs (13 females and 6 males)

hmgciﬂ to 10 g. Testa were run at 12°, 20°, 23°, 27°,

Oxygen consumption/g - h did not vary greatly
wrth weight in 2 t0 6 g range. :

zero (no deaths in 524 crab-days) at 13 °C. Mortality
during ecdysis is, likewise, temperature-dependent
and is particularly high at 27°C (9.29%) and 34°C -
(9.4%) (Table 2).

The oxygen consumption of juvenile Callinectes
sapidus acclimsted to the test temperature is shown
in Fig. 5. The standard metaholic rate increases with
temperature. Between 20° and 27 °C the increase is
only 159, A much greater increase (409%,) is seen be-
tween 27° and 34 °C, and the difference between the
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metabolic rates of crabs acolimated to 13° and 20 °C
is over 3009%.

The metabolic rates of crabs in thermal surround-
ings other than those to which they were acclimated
showed marked inoresses when the test temperature
was above the acolimation temperature, and decreages

when it was below the acalimation temperature.

" (T'able 3). An increase in temperature over the accli-
mation temperature extended the metabolic rate
above that of crabs acclimated to that temperature.
Consequently, the O, consumption of crabs acclimated
to 27 °C and tested at 34 °C (0.1407 ml O,/g - h) was
much. higher than that of crabs. acclimated to the
34 °C test temperature (0.0837 ml Ogfg - ). The O,
consumption of orabs acclimated to 20 °C and tested

‘/20'00' o
5

23
. 0,047

T 0059 . .. .0088 ... 0080. . 0088 0098
O, UPTAKE (ML./G-H) OF GRAB

O2 CONCENTRATION; ML/L WATER

Fig. 6. Callinecies sapidus. Effeot of emall drops in O, con-
sumption on metabolio rate (O, uptake/g - h) of juveniles as
shown by lowering of O, consumption rate over time (2 k) by
arabs in closed chambers at 20° and 34 °C. Kach point indi-
oated ismean of 4 crabs (2 male, 2 female) 2 to 6 g in weight.
All animals had been. acolimated to test tempersture and
beginning (high) O, concentration for at least 4 weeks

at 27 °C (0.1321 ml O,/g - h) was likewise, much greater

"than that of crabs scolimated to 27°C (0.0600 ml
O,/g - h). However, when the animals were exposed to
temperatures below their acolimation temperatures,
their metabolio rates did not immediately fall below the
levels of orabs acclimated to the test temperature,
exoept. when crabs scclimated. to 27 °C were tested ab
20 °C. Thus, the O, consumption of crabs aoclimated to
34.°C and tested at 27°C (0.0724 m1 Ogy/g - h) was greater
than that of orabs acclimated to 27 °C (0.0600 ml
0,/g - h). At very low temperatures (13 °C), acclimated
arabs had a far lower rate of O, uptake (0.0128 ml
O,/g - h) than individuals acclimated to higher tem-
peratare (20 °C) (0.0576 ml Og/g - h).

Oxygen concentration, as well as temperature, is a
determining factor of metabolic rate (Fig. 6). Oxygen
consumption by blue crabs is directly proportional
to the oxygen concentration within the narrow range

C. W. Lerrnes: Temperature effects on blue crabs
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" caused by decreasing oxygen in the closed metabolism

chamber; the slope of the curve i independent of .
temperature between 20° and 34 °C. Therefore, the
metabolic-rate determinations are not greatly altered

by the use of & closed apparatus.

‘While no measurements were made of feeding and
activity levels, the magnitude of the temperature
effects on these variables allows simple observation
to be sufficient. Food consumption is at & maximum
at 34 °C, and is sharply reduced &t lower temperatures:
Callinectes sapidus adapted to 34 °C eat mmuch more
than do crabs adapted to 27 °C, which eat much more
than do.crabs. adapted to20.°C, and so-on down to
crabs adapted to 13 °C whioh eatb essentially nothing.
Aotivity, likewise, changes in proportion to tempera-
ture. Blue crabs acclimated to 34 °C are hyperactive,
often scurrying from one chamber of their growth tank
to another in order to avoid a net, and rapidly crawling
out of the net when. captured. Crabs living at 27 °C
are aofive, but lack the extreme excitability of those
at 34 °C. Aggression in blue crabs acclimated to 20 °C
is greatly reduced. They will run from a net and attack
it when cornered, but much more provoocstion is
necessary to cause them to respond than is necessary
with individusls living at the higher temperatures.
Blue crabs living in cold water are extremely inactive

- and pessive. Crabs acolimated to 15 °C react to a net

only when prodded by it, casually pushing it away with
their chela. (Great effort is required to elicit any re-
sponse from a crab living at 43 °C; the condition of the
crab at this temperature is best desaribed by the
phrase “‘cold stupor”. Thus, no acclimation to tem-
perature in feeding or activity was observed.

~ Di jon_ -

One of the most important factors influencing
metabolic rate in poikilotherms is temperature. The
rate of metabolism of Callinectes sapidus does not, how-
ever, passively follow the ambient temperature. It is
evident that a degres of scclimation ocours within 4
weeks at all temperatures tested: the metabolic rate
of crabs at other than acclimation temperature is not
the same as that of crabs acclimated to the test
temperature. When compared to the metabolic rates
of crabs acclimated to other thermal conditions, the
acclimated metabolio rate shows nearly complete or -
perfect compensation for temperature in the 20° to
27 °C range, incomplete compensation at 34 °C, and
reverse compensation at 13 °C. Thus, between 20°
and 27 °C, blue arabs are able to adjust their metabolio
processes sufficiently to maintain an almost constant
metabolic rate. At higher temperature, although an ad- -
justment is made, the metabolic rate is well above that
of the 20° to 27 °C level (Fig. 5). Conversely, at 13 °C,
the metabolic rate of acclimated crabs is far lower than
that of crabs acclimated to higher temperatures. This

“torpor may aid the blue crabs in coping with the cold
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winter months, when its re&otlons are slow and food
may be scarce.

. In Pachygrapsus crassipes, s marked correlation
between molting frequency and water temperature
was observed by Hiarr (1948). In Callinectes sapidus
this relationship is also found. However, the molting
rate, while still increasing with temperature, does so

| . much more slowly above 27°C, and is, therefore,

linear only from 415° to 27°C (Fig.2). The other
growth factor, growth per molt, is significantly reduced
above 20 °C. Consequently, while the average growth
rate increases with temperature throughout the 13° to
34 °C range, the number of molts necessary to reach.a
pertioular size also increases with temperature (Figs. 1;
3). As the maximum size reached is assumed to reflect
the size-inarease per-molt rather than the number of
molts (see Introduction), blue crabs living in thermal
surroundings of 27° to 34°C are expected to grow
more ra.pldly, but to cease growth when smaller, than
those in cooler water. Whether or not the smaller size
at maturity would, in any way, reduce reproductive
fcap&caty, has not been determined.

‘While increasing temperatures speed growth, fal-
hng temperatures impede it. Callinectes sapidus, which
does not normally molt at 18 °C, and which has long
intermolt periods at 16 °C, will undergo extended pe-
-riods as juveniles in areas where winter temperatures
reach these levels or below. The fime necessary to
reach maturity is increased without & corresponding

" increase in size at maturity. over.crabs. grown.a,t.ZQ °C.

The mortality rate of the blue arab is temperature

dependent. The duration of exposure, 28 well a8 the
. magnitude, of the temperature is important. Below
the 48h median tolerance limit of about 39 °C
TacaTz, 1969; Cro. Fsg Wiprn, SErv. Wasw,, 1970;
personal: observatlons high death rates Jmmedza.tely
attributable to the thermal regime drop signifi-
cantly, but, an accelerated desth rate over a much
longer period, as compared to that of blue ocrabs
living at lower temperatures is observed (Fig.4).
Mortality at ecdysis is particularly pronounced at 27°
and 34 °C. In orustsacesns in general, molting is accom-
panied by a large increase in O, consumption. The

molting metabolism of Pachygrapsus -crassipes is

twice the normal rate (RoBmeTs, 1957). So great an
inorease occurs that, if the active phase of exuviation
is_extended, death usua.]ly results from ssphyxiation,
gince the respiratory surfaces do not funotion properly
during the molt (Pagsawo, 1960). A juvenile blue crab
acolimated to 20 °C, which was allowed to molt in an
experimental chamber at 20 °C, consumed 0.1127 ml
 O4fg - h(compare with values in Table 8). Thus, the
high mortality associated with moltmg at high tem-
perature may be due, in part, to rises of an already
high metabolic rate in an environment of limited Oy.
(Increased. temperature reduces the O,-carrying capa-
city of water).
The effect of a heated efflnent mpon the blue-crab
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population of an area depends upon the natural
thermal regime, the increase in femperature ‘oaused
by the heated discharge, the availability of satisfactory
nearby habitats outside the thermal plume, the food
supply, and the action taken by the crabs themselves.
In the region of Crystal River, Florida, where salt
marshes near a large fosail-foel- electncal—gener&tor
effluent canal may reach 35° to 40 °C in the summer
months, the effect upon the blue-orab juveniles
depends upon their willingness to move. Crabs which
remain in the adjacent estuarine zone throughout the
year would grow rapidly but attain smaller size ab
maturity.. In. addition, blue-orab kills would be ex-
to ocour during those periods of the summer

when the temperastures approach or exceed 38 °C.
Further, in the 27° to 34 °C range, an increased. rate of
mortality over that at lower temperatures is expected,
although the upper 48 h thermal tolerance level is
much higher (38 °C). However, the blue crab is highly

. motile and has been shown to migrate to less extreme

temperatures seasonally (CEUBCEIIYL, 1918; NUamsT,
1970). In the Crystal River area, alternative habitats -
unaffected by the heated efflunent are available nearby.
Many _'Ql_ue crabs may migrate into the warm thermal
plurﬁe in the wmter, ‘and léave as the temperature
riges in the spring. that sufficient food is
available, 12 month growth would be possible rather
than the 8 or' 9 month growth period of the non-
affected areas, where the water temperature is below
16.°C_for_3 or.4.months during. the.winter.. The size -
increase per molt-at 20 °C is approximately equal to
that at 15°C; thus, the size at maturity of a arab
secking the mid 20 °C environment would be unaffected.
Likewise, mortality at 20°C is little higher than at
16 °C. If the juvenile blue crabs entered the effluent
area as the temperature dropped below 20°C in the
fall, as expected, and left as it rose toward 27 °C in the
spring, the period necesssry to reach maturity would
be shortened, while maximal size at maturity and low
mortality rate were maintained. Population growth
would be poesible until food supply became limiting
or other control mechanisms (parasitic infestation,
predation, density-dependent reproductive suppres-
gion) arrested it. As Sacouling perssitism is already
high in the area, and many other organisms seek the
heated area in winter depleting the food supply to
some degree and preying upon. juvenile. blue crabs, no
significant population rise i expected, even though
the juvenile period is shortened.

Callinecies sapidus farms, using heated effluent-
water in the winter and cocoler offshore water brought
in by the intske canal in the summer (allowing the
temperature to fluctuate between 20°C and the
middle 20%’s to encourage feeding and molting), could
grow blue crabs from first instar to market size in
7 to 8 months rather than the normal 10 to 14 months
expeoted along the coasts of northern Florida. How-

- ever, satisfactory methods for raising blue-crab larvae
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on a large scale would need to be developed. (CosTLow
and BooxaouT (1959) have successfully grown blue
arabs from egg to first orab stage in the laborstory,
but their methods are too tedious to be used on a large
soale).

—e e e 'S’ﬂmmﬂl’y e e -

1. In the blue crab Callinectes sapidus RATHBUN,
growth rate inoreases with increasing temperature from
13° to 34 °C but, between 27° and 34 °C, the increass is
muoch less than at lower temperatures.

—_2. Size. increase -per- molt_is less at 272.and 34°C
than at 20° and 45 °C. The number of molts necessary
to reach a given size inoreases with temperature from
20° to 34°C. As final mize is determined by size in-
crease per molt rather than number of molts, crabs
living at high temperatures should be smaller when
growth ceases than those living at lower temperatures.

3. At 13 °C, blue crabs show almost no growth.

4. Between 13° and 34 °C, mortality is directly
proportional to temperature, being particularly high
during ecdysis at elevated temperatures. .

5. Standard metabolio rate increases with temper-

* aturs (13° to 34 °C.

6. Partial metabolio aco]lma.tlon to temperature
ocours at 84 °C, nearly perfect aoclimation between
20° and 27 °C, and reverse acolimation at 13 °C after
4 weeks exposure.

7. Food consumption. decreases . with.. deare&smg

. temper&ture from 34° to 13 °C.

. 8. No acclimation of activity to temperature was
found. Activity increases with increasing temperature
from 13° t0 84°C.

9. The blue erab could extend it growing season.
in the area of a heated effluent-along the northern

" Florida cosast, without decreasing size at maturity, by

aotive seleotion of thermal surroundjngs. Failure to
leave the heated aress in the spring and summer would

result in reduced size atb matunty and high mortality.

10. Blue-orab farms in oonjunction with power

pla.nts near the northern limit of the subtropical re-

gion, nsing heated effluent-water in the winter and
intake water in the suramer, could grow C. sapidus
from first instar to market size in 7 to 8 months.
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