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ABSTRACT

Relatively little is known about the stress response in invertebrates

or how to measure it. Hyperglycemia (high blood sugar) has been recom

mended as a possible indicator of stress in animals. The degree of stress

effects the general well-being of the animal and is important in regards

to its actions and reactions in its environmen t t both natural and manmade.

Two species of decapod crustaceans, the blue crab, Callinectes sapidus,

and the hermit crab, Clibanarius vittatus, were subjected to various

stressors, natural environmental and anthropogenic in nature, and the

change in serum glucose was measured and evaluated as an jndex of stress

in crustaceans.
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IN TRODUCTI CN

Little study of the stress response in invertebrates has been done;

therefore, not much is known about how stress effects them, the degree to

which they are effected, and the amount of tolerance they possess. An

incredible amount of study of stress in mammals and in teleosts has been

conducted, some of which is applicable to that condition in invertebrates.

The General Adaptation Syndrome

A stress syndrome, called the general adaptation syndrome (Selye,

1950; 1973), is found in mammals in response to stressors. Though the

stressors vary, they produce the same series of responses, both physiolo-

gical and biochemical in nature. This series of responses is broken 'down

in to three phases:

1)

��
the alarm reaction,
the adaptation or resistance phase,
the exhaustion phase.

The alarm reaction occurs when a stress is applied to an animal,

which activates the adrenal cortex and medulla to produce corlicoids and

catecholamines. These hormones induce the mobilization of glucose and

mediate other metabolic changes to meet the demand for homeostasis during

stress.

One of two types of responses then occurs: an adaptation or syn toxic

response or a resistance or catabolic response. The adaptation response

is a mechanism that helps create a state of passive tolerance or peaceful

coexistence with the stress state; hyperglycemia (high blood sugar) is

characteristic of this (due to the mobilization of glucose by the corti-

eoids and eatecholamines.) The resistance response leads to an active
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attack on the stress and can result in the death of the organism.

Once the organism has been stressed for a long period of time, it

enters the exhaustion phase. The body defense mechanisms of the animal

have been worn down, so that the animal is incapable of responding to more

or different stress.

Stress in Fish
---

A similar stress syndrome has been identified and described in several

species of fish, most no.tab.Iy in goldfish (Fryer, 1975; Singley and Chavin,

1975). It has been found that the high blood glucose produced as a result

of a stress is longer-lasting than the corticosteroid response that caused

it. Because of this, hyperglycemia has been recommended as a useful

diagnostic index of stress (Silbergeld, 1974; Hattingh, 1977).

Importance of Measuring Stress

There is good reason to measure stress in animals. When animals are

subjected to a stress (SUCh as temperature and salinity change or the

addition of pollutants), the animal has to adapt to this stress or die.

However, the process of adaptation could upset the animal and interfere

wi th its normal functions such as reproduction and feeding. This upset

could obviously have adverse effects on the animal itself, as well as the

ecosystem in which it lives.

Stress Response in Invertebrates

Relatively little is known about the analogous stress response in

invertebrates. Blood glucose levels are hormonally regulated in crusta-

ceans and probably also in molluscs (Holinke and Scheer, 1970; Deshmukle



and Rangneker, 1973). Some crustaceans show a hyperglycemic stress res

ponse similar to that seen in fish (Telford, 1968a; 1974; Lynch and Webb,

1973). Available evidence indicates that in crustaceans, adrenalin or

5-hydroxy-tryptamine produced during stress, stimulates the release of a

hyperglycemic factor from the eyestalks. This factor helps induce the

conversion of reducing factors to glucose (Kleinholz and Havel, 1948;

Keller and Boyer, 1968). These reducing factors are thought to be oligo

saccharides which are depleted in crustacean blood during stress and are

present in the right amount to account for the rapid hyperglycemia caused

by stress (Telford, 1968a)�

Measurements of crustacean blood sugars have yielded widely diver

gent results, even within groups of animals of a single species (Telford,

1968a). Inherent variability of the material has undoubtably contributed

much to this, but so has the reaction of the animals to their environments

and to the treatments they received (Telford, 1968a).

Blood glucose levels in crustaceans show circumtidal, seasonal, and

molt cycle variations in addition to those caused by physical stressors

(Telford, 1968a). Of these, seasonal variations were the only ones ob

served. There does not appear to be any difference between blood glucose

levels in males and females (Lynch and Webb, 1973; Telford, 1968a).

Background of the Test Organisms
'

The blue crab, Callinectes sapidus, and the common striped hermit

crab, Clibanarius vittatus, were chosen to be the test subjects for

several reasons. They are both easily obtained along the Gulf Coast, as

they are two of the most abundant, and vddely distributed of the Atlantic

crabs. Both species are located in both coastal and estuarine waters

J
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where they play important roles in both ecosystems as a major predator and

scavenger. The blue crab is also of major economic importance to man as a

food source and provides a multimillion dollar industry in Texas each year.

Both Callinectes and Clibanarius are members of the Arthropod class

Crustacea and the order Decapoda. They are euryhaline (capable of with-

standing a wide range of salinities), which is the reason for their varied

environments - from brackish estuaries and bays to the shallow waters off-

shore. Clibanarius, however, is primarily an intertidal creature (Young.

1978). Strang regulatory abilities are not demonstrated, but rather they

survive because they can tolerate a wide range in blood environments

(Sweeney, 1973). Callinectes secretes its own shell, and its body and

shell are integrated as one structure. Clibanarius, on the other hand,

secretes only a soft shell, which provides no protection from predators.

So this animal invades the shells of dead gastropods, such as Busycon and

Polinices, and makes its home there.

OBJECTIVES

The objectives of this project are threefold:

1)

2)

J)

To see if a stress response can be detected by measuring the level
of glucose in the whole blood;
To determine the effects of several potential natural environ
mental and anthropogenic stressors on blood glucose levels;
To test the usefulness of blood glucose as an indicator of
stress or general well-being.

EXPERIMEN TAL STUDY

At the outset of this project, Callinectes was to be the sole test

subject; however, the difficulty with which collection of large numbers

of blue crabs in the winter time would be was not realized until after the
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project began. During the colder winter months, Callinectes moves off

shore into deeper waters; the only way to collect them there would be by

dredging from a boat, of which we did not have access. So, the project

was expanded to include the hermit crab, Clibanarius. Many of these crabs

also move deeper offshore during the winter, but they are still available

in large numbers and are relatively easy to find.

Collection and t1aintainence of Crabs

Both species of crabs were collected in Galveston. The blue crabs

were caught by seining in estuaries, while the hermit crabs were collected

by picking them up by hand along the beach and at the edge of the surf.

The crabs were brought back to College Station and were kept in a large

"holding" aquarium. The two species of crabs were not mixed, as

Callinectes is a vicious predator and preys an other organisms and even

an members of its own species.

To use the blood glucose level as an indicator of environmental

stress, it is essential to Imow what other factors or physiological

stresses may influence the amount of glucose in the blood. The stresses

of capture, handling , transportation, sudden confinement to an artificial

environment - the aquarium, a decrease in the amount of oxygen and an

increase in the amount of ammonia from excretion in the environment in

the process of capture and transportation, and the length of fasting

prior to capture all are important stress factors initially and cause
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extreme hyperglycemia (Hattingh, 1977; Telford, 1968a). Within 24 hours,

however, the glucose level will return to normal (Hattingh, 1977).

Handling and confinement have been proven to be particularly stressful to

animals (Hattingh, 1977). So the crabs were given at least 24 hours to

recover from their stressful capture and transportation, but yet had to be

sampled as soon as possible to prevent long confinement from contributing

measurable stress to the animal. This was particularly important in re

gards to Callinectes, which is more sensitive to stress than the more

resistant Clibanarius.

Experimental Apparatus

Sixteen aerated five-liter aquaria were set up to hold the crabs.

Only one Callinectes was placed in each aquarium due to their cannibil

istic tendencies; while two to three Clibanarius were put in each aquarium,

because they are much cleaner and less aggresive than Callinectes.

A syringe was used to collect the blood samples. The penetration

area of Callinectes for the syringe is on the crab's ventral side, at the

base of the legs where they join the body. Here, a more penetrable carti

laginous area is found, as opposed to penetrating the hard exoskeleton.

To extract the blood sample from Clibanarius, the shell had to be cracked

and removed enough to expose the carapace. The syringe was then used to

puncture the soft carapace so that blood could be collected there. The

sample was measured for glucose level immediately after collection to

avoid the need of adding anticoagulents and of spinning down blood clots

which form soon after collection.

Only 25ul of the extracted whole blood was necessary to test for the

amount of glucose present. These samples were injected into the Yellow
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Springs Instrument Model 23A Automatic Glucose Analyzer which is highly

specific for the detection of glucose. This instrument measured the level

of glucose (in mg/dl) in the whole blood. Usually, two or three 2Sul in-

jections from each sample were run to attain a more accurate value for the

glucose level.

Test Conditions and Procedures
---- ---

Five sets of experiments were conducted to measure the change in blood

glucose level: the effect of different salinities on Callinectes; the

effect of different salinities on Clibanarius, both with and without

shells; measurement of the exhaustion phase in Clibanarius; and the effect

of naphthalene, in 1 ppm concentration, on Clibanarius. The time course

and magnitude of blood glucose change in response to the stressors named

were measured.

An experimental procedure was set up to test the effect of the salin-

ity stressor on blood glucose levels in both species of crabs. Of the six-

teen aquaria, half were designated 'control' and the other half 'experi

mental'. The salinity of the control group was 200/00, which is a common

salinity in which both species can be found. (The sea water along the

coast and in the estuaries usually have a lower salinity than does the sea

water farther out from shore, which has an average salinity of about

350/00. The reduced salinities are due to fresh-water runoff from the

land.) The salinity of the experimental group was prepared at SO/oo.
Crabs were placed in each aquarium, and glucose was measured over a period

of four hours (from the time of entering the new environments). Each crab

was only sampled once in all the experiments. This procedure was repeated

for both Callinectes and Clibanarius to increase the validity of the
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figures for glucose. Other crabs (of both species) were later sampled

after the four hour period to test for a change in the trend of blood

glucose over time. Both of these experiments were conducted in October

and November of 1978.

The next step of the project involved measuring the exhaustion phase

in Clibanarius. This phase was described as a part of the general adapta

tion syndrome. Hermit crabs that had been 'stored' in the holding aqua

rium for three and a half months were placed under the same control

(20 %0 salinity) and experimental (5%0 salinity) conditions. The

glucose levels were again measured. This experiment extended over the

first eight hours after Clibanarius was introduced into the test environ

men ts. These crabs were sampled in late January and early February of

1979.

To be able to extract a blood sample from Clibanarius, the outer gas

tropod shell had to be broken and removed enough to expose the carapace,

where the srunple is taken. It would seem that the action of removing the

shell with vice grips would be a little stressful to the organism and

could possibly introduce a bias in the amount of blood glucose present.

So, before the hermit crabs were placed in the control (200/00 salinity)

and experimental (5%0 salinity) groups, their carapace was exposed by

removing part or all of the gastropod shell. The blood glucose levels

were measured over the first fourteen hours in the test environments, as

well as 24-27 hours afterward, to check to see if there was a change in

the trend of the glucose levels. These crabs were sampled in February

and March of 1979. This comprised the fourth part of the project.

The last experiment perfonned on Clibanarius involved the exposure
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of the crabs to naphthalene, which is a major hydrocarbon consti tuen t of

oil. The effect of this low-level pollutant as a stressor on the level of

glucose in the blood was measured. Naphthalene present in 1 ppm concen

tration was added to the aquaria with a salinity of 200/00. The change in

glucose level was measured over a time period of the first eighteen hours

after the crabs entered the test environments. This experiment was con

ducted in March of 1979. Previous studies have indicated that crustaceans

are very sensitive to chemicals such as naphthalene (Telford, 1974).

RESULTS

The first characteristic of the glucose values that was observed was

the tremendous degree of individual variation in the level of blood glu

cose in the sampled crabs. This variation was measured in all tests,

regardless of season or species tested. Another characteristic observed

was the greater number of deaths in the salinity stress tests of 50/00
individuals than of the 200/00 individuals. Hhether this was due to

greater stress or some other factor is not known.

In the test to measure the stress of salinity on Callinectes, the glu

cose values were not as high as we had hoped to obtain. In the only pre

vious study that measured the effect of salinity on glucose, the mean

serum glucose ranged from 12 to 127 mg/100 ml (Lynch and Webb, 1973).

These values are much larger than those obtained in this study; these

values ranged from 3 to 42 mg/dl, though most were between J and 9 mg/dl.

The reason for the variation is thought to be seasonal. This previous

study was conducted from June to October, while this study was done in

October and November when the colder 'Heather will decrease activity and
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thus decrease the amount of glucose in the blood. The values of glucose

obtained. by Lynch and Webb for the month of October correspond to the low

values obtained in this study for that month. Their study indicated that

in the month of July, the greatest glucose levels are found.

There appears to be a general trend. for the 50/00 salinity experi

mental group to have greater values for glucose than the 200/00 salinity

control_ group. This trend extends out to 100 hours when spot sampling

(at 24, 48, and 100 hours) stopped. Table 1. This spot sampling was

performed in order to see the direction of the trend after the initial

four hours. The time period and supply of crabs were not large enough to

collect data for this entire period. It appears that the experimental

group was stressed heavier due to the higher glucose values, but these

values level off as the animal enters its exhaustion phase or plateau.

ANOVA statistics (a two-way analysis of variance) were computed to see the

significance of the two variables, time and salinity. Of these, salinity

proved to be insignificant in effecting the level of blood glucose, while

time was significant. This is reasonable when one considers that

Callinectes is euryhaline and probably lives in salinities of 5%0 for

short periods of time. This salinity is not stressful enough to the

animal to cause an increase in the glucose level. Figure 1.

The stress of salinity on Clibanarius was measured, and toe mean

value for serum glucose was higher than that for Callinectes, though the

range was smaller (6-14 mg/dl). There again seems to be a general trend

for greater glucose values in the experimental group, which is continued

in the spot sampling done between 120-122 hours. Table 2.. However, when

regression analysis was conducted, the effects of neither salinity nor
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FIGURE 2
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SPOT SM1PLIN G

Table 1 - Callinectes sapidus

Time (hrs) Glucose (mg/dl)
20%0 Salinity 5%0 Salinity

24 3.25

5.3

4.33

11.5

6.0

6.0

48

100

Table 2 - Clibanarius vittatus

Time (hrs) Glucose (mg/dl)
20%0 Salinity 5%0 Salinity

120 5.67 13.67

120 3/4 5.33 13.67

121 1/2 10.0 *

121 3/4 10.33 *

* No data obtained due to death of subjects.
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time were found to be significant in effecting the glucose concentration.

The standard deviation (Table J) shows that the glucose values for both

conditions overlap so that most any variation in the glucose levels are

probably due to individual variation and were not induced by the experi

men tal conditions. Figure 2.

The exhaustion phase in Clibanarius was measured, and again, individ

ual values differ though the degree of variability as well as the overall

amount of glucose present decreased. Regression analysis was computed and

showed that salinity was significant in effecting the glucose levels

which seems surprising in that these crabs were thought to be in the ex

haustion phase, and yet, salinity had such an effect on their glucose

levels. Clibanarius must be quite stranger and more resilient than at

first believed. Time was not significant in effecting glucose levels,

which makes sense considering that these crabs had already been stressed

for three and a half months while in confinement, and the short period of

time in which they were tested would have little or no effect on the

change in glucose. F'igure J.

For the test on the stress of salinity on the shell-less Clibanarius,

the variation in glucose values was very great, and when graphed with the

standard deviati on, there vi' as considerable overlapping. Salmity was shown

to insignificantly effect the glucose values, though the significance of

the time factor may have been marginal. The stress factors were not at all

stressful enough to cause a change in the glucose levels in the organisms.

One noticable characteristic of this graph is that the glucose values

between time 0 and time 14 hours are higher than those between 24-27 hours.

This could be due to the crabs absorbing water from their environment,
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because they have had their protective shells removed. Hemolymph of crabs

without shells are significantly more dilute during exposure to low salinity

than hemolymph of crabs with shells (Shumway, 1978). The crabs without

shells also showed a greater change in tissue water content than did the

animals with shells (Shumway, 1978). Comparing these values collected in

October and November with the glucose values collected in late winter on

the stress of salinity on Clibanarius, there can be seen a seasonal varia

tion in the amount of glucose present, with the lower _ values observed in

the winter. F'igure 4.

The graph of the effect of naphthalene as a stressor on Clibanarius

shows a tendency to increase glucose as time increases. ioJhen the values

for serum glucose were plotted to fit into the equation y=a+b*x, a low

amount of correlation for the effect of naphthalene on glucose over time

is seen. There is also a very large standard deviation for the glucose

values which is obvious jn Figure 5.

There appears to be several other factors, besides seasons, that

could effect the data collected. Because there is a limited amount of

space and aquaria available, the size of the population studied is

limited. The number of crabs sampled will also depend on the number of

crabs collected. The size of the crabs tested could be a determining

factor in the amount of serum glucose present. Usually, the larger the

crab, the more active it is, and the more handling is required which could

increase the stress on the animal.
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MEANS AND STANDARD DEVIATICNS OF EXPERIMENTS

Table 3

Test 20°/00 Salinity
fIlean std. Dev.

SO/00 Salinity
Nean Std. Dev ,

Salini ty Sffects on

Callin ectes 19.2 14. <j+ 14.3 8.99

Salinity Effects on

Clibanarius 8.0 3.17 11.81 8.57

Salini ty Effects on

Shell-less Clibanarius

�O-14 hours) 16.5 8.58 19.1L� 13.68
24-27 hours) 12.8 5.76 9.7 3.6

Exhaustion Phase in
Clibanarius 5.17 L5 3.9 1.1

Naphthalene Effects on

Clibanarius 20.9 12.04
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SI CN I PI CAN C E OF' EXPEH1MEN TS

Table 4

Test Effect of Salinity Effect of Time

Salinity Effects on

Callinectes 0.7057 0.0)40

Salinity Effects on

Clibanarius 0.3202 0.6858

Salini ty Effects on

Shell-less Clibanarius

�O-14 hours) 0.2879 0.1091
24-;?� hours) 0.3055 0.2249

Exhaustion Phase in
Clibanarius 0.0165 0.8536

For values:
>0.10

0.10-0.05
0.05-0.01
LoO.01

not significant
marginally significant
significant
very significant

Correlation Coefficient for the Naphthalene Effects Test on Clibanarius
was 0.252.
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CCNCLUSIGlS

Regardless of the limitations, it appears that stress can be measured

by blood glucose levels in Calljnectes and Clibanarius; however, the

stressors need to be more stressful than those used in this study, so that

they are more significant. It also appears that hyperglycemia may be use

ful as an index of stress, though perhaps not in the winter months, when

metabolism and glucose levels are at their lowest; reading these low

glucose levels on the YSI Model 23A glucose analyzer may introduce some

amount of machine error, because the values are so low. Continued experi

mentation to better understand carbohydrate metabolism and the glucose

response to stress need to be dane. This method for measuring stress by

the amount of glucose present in the blood has promise of being a valuable

tool.
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