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Abstract

Salinity is the most variable ecological parameter in the lagoon with daily and seasonal variations. The changes in
growth, serum biochemistry and antioxidant enzymes activities of Cardisoma armatum were examined during 84-
day exposure to five different sublethal salinities (0, 5, 10, 15 and 20 ppt). At the start of the trial, the crab initial
average body weight was not significantly different (P > 0.05). The highest weight gain was recorded in 15 ppt
(47.40+£1.01 g), followed by 20 ppt, 10 ppt and 5 ppt with no significant differences between them. Atthe end of 84
days experiment, the crab exhibited the lowest body weight growth (48.29 %) at O pptand the highest (81.04+1.08%)
at 10 ppt. The 10 ppt treatment had the highest specific growth rates (0.31+0.11 %/day), followed by 5 ppt, 20 ppt,
15 ppt, and then O ppt treatments. Aspartate and alanine aminotransferases significantly decreased after O ppt, but
mean serum protein value increased with salinity increase. Greater activities of catalase, superoxide dismutase and
malondialdehyde were recorded in 5-20 ppt. All the antioxidant enzyme activities (with the exception of glutathione)
showed significant differences. Thus, deviation from the brackish water condition adversely affects the growth and
immune functions of the gecarcinid, resulting in population decline in reclaimed wetlands.

Keywords: Antioxidant Enzymes, Biochemical, Crab, Immune Response, Salinity.

Received March 18, 2022; Revised June 4, 2022; Accepted June 5, 2022

https://dx.doi.org/10.4314/br.v20i2.5 Thisis an Open Access article distributed under the terms of the Creative
Commons License [CC BY-NC-ND 4.0] http://creativecommons.org/licenses/by-nc-nd/4.0.

Journal Homepage: http://www.bioresearch.com.ng.

Publisher: Faculty of Biological Sciences, University of Nigeria, Nsukka, Nigeria.

INTRODUCTION locals for domestic markets. The Gercacinid is an

effective sentinel due to its biological and ecological
One of the most elusive crab Species around the characteristics (Sanni et al., 2020: Lawal-Are et a'.,
brackish water environment in Nigeria is the 2021). C. armatun is an euryhaline species that can
gecarcinid (Cardisoma armatun, Herklots, 1851), survive in both  freshwater and  brackish
which inhabits almost every microhabitat in the environment, making it a powerful osmoregulator.
mangrove ecosystem (Moruf et al., 2021). In the This is due to the presence of a well-developed
Lagos Lagoon mangrove swamps, Cardisoma sp. osmoregulatory system (Jia et al, 2012).
coexists with graspid crabs, which are gathered by Meanwhile,  salinity =~ change  can  affect
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osmoregulation in aquatic species by altering the
osmotic pressure between medium and body fluid.
According to Long et al. (2017), the activity of
immune enzymes in crustaceans is altered in
response to salt stress. Thus, crab immune systems
may be affected by salinity adaptation.

Many aquatic organisms are affected by salinity,
which is one of the most critical environmental
factors impacting their survival, growth and dispersal
(Chand et al., 2015). Salinity changes have a
profound impact on an ecosystem biodiversity and
functioning (Carrasco and Perissinotto, 2012;
Thabet et al., 2017). Osmoregulation during salinity
acclimation may cause alterations in digestive
enzyme activity in euryhaline aquatic species
(Vargas-Chacoff et al., 2015). A possible
explanation is that aquatic creatures’ metabolisms
reorganize to meet the increased energy demands
caused by changes in salinity (Wang et al., 2013).
Crustaceans face death if they do not have optimal
biochemical and physiological adaptations, and
species may go extinct if they do not have
physiological acclimatization or genetic evolution
(Reusch, 2014; Sara” et al., 2014; Thabet et al.,
2017). As aresult, crabs evolved unique adaptations
to cope with salt stress by evolving several
molecular, physiological, ecological and behavioral
responses (Gama et al., 2011). Salinity levels that
are optimal for growth, survival and productivity are
often species-specific (Chand et al., 2015). As a
result, determining the optimal salinity level for
commercial crab species in a suggested culture
system where salinity may be adjusted to suit the
species. Crab survival, growth and immunological
responses have all been studied in relation to short-
term salinity acclimation or rapid salinity shifts
(Lawal-Are and Kusemiju, 2010; Long et al., 2017;
Lv et al., 2022). In Nigeria, however, there is dearth
of information on the effects of high salinity on adult
gercacinid crab. Hence, the present research aimed
to examine salinity effect on growth and
immunological profile of the gercacinid, C. armatum
from mangrove swamp of the Lagos Lagoon.

MATERIALS AND METHODS
Experimental procedure

A total of forty-six (46) samples of active C. armatum
(68+0.6g average weight) were obtained from the
mangrove swamp of Lagos Lagoon with Latitude
6°26°N and Longitude 3°39°E. The experiment was
carried out at the Department of Marine Sciences of
University of Lagos, Nigeria. The crabs were
selected and randomly stocked into each of the four
5 litres bowls having different salinity regimes at a 4
crabs per bowl. Dilution of brackish water collected
from the Lagos Lagoon with freshwater supplied
from a borehole yielded the varied salinity levels.
The salinity of the various bowls was determined
using a refractometer after serial dilution of water to
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5, 10, 15 and 20 ppt. To reduce the influence of direct
sunshine, black colored holding bowls were used for
the experiment.

Each of the experimental bowls had its water
temperature, dissolved oxygen, and pH monitored
using digital water analysis instrument (HANNA, HI
9828, Germany). Crabs were fed trash fish
(Sardinella aurita) once a day, which accounted for
2.2 % of the total weight of the crabs in the bowl. The
feeding was stopped 24 hours before the range-
finding test. Every 48 hours or when needed, the
water in each bowl was changed. The experiment
lasted 12 weeks and was replicated. The weight
gained was monitored fortnightly and average daily
growth (ADG), body weight gain (BWG) and specific
growth rate (SGR) were calculated according to
Brown (1957) and Hopkins (1992) using the below
formulae:

ADG = WE-Wi)

1)
BWG = (wa;,w‘)x 100 (2)

L
SGR = LWl -LnWt) :L“W”x 100 (3)

Where Wf = final wet weight,
Wi= initial wet weight
t= duration in day
Ln= natural log of individual wet weight.

Analytical procedure

Crab haemolymph was drawn with a 23G Syringe
from the juncture between the bases of the ischium
of the fifth walking leg. The haemolymph was
collected into a syringe flushed with 1 mL of
anticoagulant (0.3 M NaCl, 0.1 M glucose, 30 mM
Sodium citrate and 26 mM Citric acid), transferred
into a 5 mL lithium heparin bottle keptin anice chest
for immediate analysis. Total haemocyte counts
(THC) of haemocyte population were determined
using an improved Neubaeur heamocytometer
according to methods described by Blaxhall and
Daisley (1973). One of the aliquots of the
haemolymph of individual crabs was transferred into
the haemocytometer and counted manually.
Haemocyte morphotypes were identified and a total
number of 100 cells from each slide were counted.
The percentage of each counted cell type was
calculated and multiplied by total haemocyte
population count to obtain absolute count. The
serum was assayed for transaminases such as
aspartate  aminotransferase  (AST), alanine
aminotransferase  (ALT) and the alkaline
phosphatase (ALP) activities according to methods
described by Coles (1986).

Samples of excised muscle tissues of crabs stored
at —20 °C were later thawed and homogenized for
the assays of catalase (CAT), malondialdehyde
(MDA), glutathione (GSH), superoxide dismutase



(SOD) and levels of proteins following the protocol
described by Lushchaks et al. (2005) and Bertholdo-
Vargas et al. (2009).

Statistical analysis

Analysis of variance (ANOVA) and Duncan multiple
post hoc tests were used to compare the differences
among means at p < 0.05 level of significance. All
statistical analyses were conducted using SPSS
version 17.

RESULTS AND DISCUSSION
Growth at different sublethal salinities

The growth performance of gercacinid at different
sublethal salinity regimes is presented in Table 1.
The crabs initial average body weight was not
significantly different (P > 0.05) at the

commencement of the experiment. Highest weight
gain was recorded in 15 ppt (47.40+1.01 g), then 20
ppt, 10 pptand 5 ppt with no significant differences
between them. The 0 ppt group had the lowest
weight gain (26.90+£0.23 g), which was statistically
different (P < 0.05) from the other treatments. The
highest average daily growth of 0.56+1.06 g was
obtained at the 15 ppt salinity. The lowest body
weight growth (48.29 %) was recorded at 0 ppt while
the highest (81.04+1.08 %) atl0 ppt. Furthermore,
highest specific growth rate of 0.31+0.11 %/day was
recorded in 10 ppt treatment, then 5 ppt, 20 ppt, 15
ppt and 0 ppt with no significant difference. In
agreement to the present study, Chand et al. (2015)
reported the lowest final average weight for prawn at
20 pptsalinity and highest at 10 ppt. Similarly, Lawal-
Are and Kusemiju (2010) reported highest specific
growth rate (1.98 %/day) for the Lagoon Crab
(Callinectes amnicola) in 15 ppt group while the
lowest (-0.28 %/day)in 35 ppt group.

Table 1: Mean Growth Performance of Cardiosoma armatum at Different Salinity Levels

Salinity (ppt) concentration

Growth 0 5 10 15 20
Initial weight (g) 55.70+0.058  47.80+0.032  50.10+0.058  71.70+0.122 62.20+0.152
Final weight (g) 82.60+0.158  83.30+0.052  90.70+0.07  119.10+0.03®  105.40%0.27P
Weight gain per crab (g) 26.90+0.232 35.50+1.05P 40.60+0.26° 47.40+1.01° 43.20+2.06"
Average daily growth (g) 0.32+0.052 0.42+2.032 0.48+0.062 0.56+1.062 0.51+1.062
Body weight gain (%) 48.29+0.122 74.27+0.24P 81.04+1.08P 66.11+0.15P 69.45+0.55P
Specific Growth Rate (%/day) 0.20+0.702 0.29+0.232 0.31£0.112 0.26+0.522 0.27+£0.132

Immunological profile of gercacinid at different
sublethal salinities

Table 2 shows serum bhiochemical profile obtained
from C. armatum on the 84th day at different
sublethal salinities. AST and ALT significantly
decreased after O ppt treatment while mean serum
protein value increased as salinity increases without
significant difference. Highest value of AST
(81.88+30.73 uIt), ALT (37.68+2.83 plIt) and ALP
(76.7315.31 puIt) were obtained at O ppt (freshwater
condition) while the lowest values of 35.23+0.51 I
1,16.34+0.42 plIt and 56.32+1.22 pul! were recorded
at 5 pptfor AST, ALT and ALP respectively. Higher
AST in the freshwater condition (0O ppt) compared to
the brackish water condition (5-20 ppt) may be due
to disruption in the crab immune system which
resulted in cell damage or a response mechanism to
pollutionexposure. ALP is a multi-functional enzyme
that plays a role in immunological responses as well
as foreign protein,

carbohydrate, and lipid breakdown (Sui et al., 2016).
The present finding is confirmed by Fang et al.
(2014), who discovered that ALP activity in the gill
and kidney of the juvenile tongue sole Cynoglossus
semilaevis do not change significantly between low
and high salinity treatments. Lv et al. (2022)
predicted that the immune functions of estuarine
organisms, such as crab that are adversely affected
by reduced salinity could lead to population decline
in wetland habitat. According to Long et al. (2017),
brackish water increases osmolality and ionic
concentrations in hemolymph while decreasing the
activity of Na* /K*- ATPase and its mRNA expression
in adult crab posterior gill. Most environmental
factors (such as salinity, pH and dissolved oxygen)
are known to impact serum protein level in
crustaceans via influencing appetite and feeding
behavior than directly affecting serum protein. As a
result, higher serum protein concentrations have
been associated to increased live wet weight and

improved diet quality (Jesuniyi et al., 2020).

Table 2: Serum Biochemical Profile of Cardiosoma armatum at Different Salinity Levels
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Parameters o Salinity (ppt) coggentration 5 20
PRO(g/l) 30.14+4.622 30.25+2.412 31.12+0.232 33.21+2.112 33.37+4.467
AST (uI) 81.88+30.732 35.23+0.51P 37.12+20.31° 40.33+13.02>  45,96%9.28P
ALT (ulb) 37.68+2.832 16.34+0.42b 16.68+2.83° 18.11+1.05P 35.28+8.302b
ALP (ul}) 76.73£5.312 56.32+1.222 59.01+0.312 64.92+1.902 69.55+14.912

Key: PRO: protein, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase. Means
having differentalphabets in the same row are significantly different.

Antioxidant enzyme activity of C. armatum exposed
to different levels of salinity can be seen in Table 3.
The highest values for CAT (8.72+0.52 min/mg pro),
SOD (46.20+£08.01 min/mg pro), MDA (16.12+0.15
nmol/ml) and GSH (7.72+0.21 pmol/ml) were
recorded in 5 ppt group, while the lowest values of
1.27+0.35 min/mg pro, 29.10+39.04 min/mg pro and
8.01+0.83 nmol/ml were recorded at O pptfor CAT,
SOD and MDA respectively. The 20 ppt group had
the lowest mean value of GSH with 2.73+1.14
nmol/ml. Furthermore, the enzyme activities (with
exception of GSH) were significantly different
between the freshwater condition and the other
treatments. The decreased activity of NADPH-
oxidase, which is responsible for the formation of
superoxide anions, could be linked to the decrease
in superoxide anions and SOD activity in freshwater
(Li and Chen, 2008). Also, the greater activities of

CAT in 5-20 ppt group might be due to lesser
production of superoxide anion radical. According to
Lawal-Are et al. (2019), MDA s an oxidative damage
biomarker that represents the condition of lipid
peroxidationin membranes of many organisms. As
part of the cellular first layer defense system that
protects organisms from oxidative stress, GSH
anchors a critical function in the scavenging of
cellular reactive oxygen species (Ugwu et al., 2021).
A rise often indicates the commencement of cellular
defense mechanisms in response to an increase in
free radical concentration in the cell, whereas a
reduction may signal an antioxidant defense. When
crabs are exposed to various stressors, their energy
expenditure increases, resulting in an increase in
metabolic rate to fuel the homeostatic control
process (Jacobo et al., 2016).

Table 3: Antioxidant Enzyme Activity of Cardiosoma armatum at Different Salinity Levels

Salinity (ppt) concentration

Parameters
0 5 10 15 20
CAT(min/mgprotein) 1.27+0.352 8.72+0.525 7.21+0.11P 7.04+0.05P 1.76+0.612
SOD(min/mg(protein)  29.10+39.042 46.20£08.01°  43.91+07.11b  41.874#82.41>  39.53+45.022b
MDA (nmol/ml) 8.01+0.832 16.12+0.15>  14.2430.83"  13.0621.02°  9.64+0.872
GSH(umol/mi) 2.87+1.662 7.7240.212 6.010.162 4.1142.312 2.73+1.142

Key: CAT: Catalase, MDA: Malondialdehyde, GSH: Glutathione, SOD: Superoxide dismutase. Means having different

alphabetsin the same row are significantly different.

CONCLUSION

The gercacinid crab, Cardisoma armatum naturally
occursin the mangrove wetland of the Lagos Lagoon
and has adapted to a continually changing salinity
condition. The findings in this study revealed that,
aside from initial body weight and average daily
growth, brackish water conditions (5-20 ppt) have
significantly greater growth parameters than
freshwater conditions (0 ppt). Aspartate, alanine
aminotransferases and alkaline phosphatase
decreased after an increase in salinity at O ppt, but
mean serum protein value increased with an
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increase in salinity. Greater activities of catalase,
superoxide dismutase and malondialdehyde were
recorded in 5-20 ppt. All the antioxidant enzyme
activities (with the exception of glutathione) showed
significant differences. Thus, deviation from the
brackish water condition could alter the growth
performance and immune processes of gercacinids.

Conflict of interest

Authors have no conflict of interest to declare



Author contributions

LAO, MRO and AVS: Conceptualization, sampling,
and manuscript writing. SAM and AH: Methodology,
statistical analysis, and manuscript review. All
authors funded the study and approved the final draft
of the manuscript.

References

Bertholdo-Vargas, L. R., Martins, J. N., Bordin, D.,
Salvador, M., Schafer, A. L., Barros, N.M.,
Barbieri, L., Stirpe, F. and Carlini, C. R.
(2009). Type 1 ribosome-inactivating
proteinsentomotoxic, oxidative  and
genotoxic action on Anticarsia gemmatalis
(Hubner) and Spodoptera frugiperda
(J.E.Smith) (Lepidoptera: Noctuidae).
Journal of Insect Physiology, 55 (1): 51-
58.

Blaxhall, P. C. and Daisley, K. W. (1973). Routine
haematological methods for use with fish
blood. Journal of Fish Biology, 5: 771-781.

Brown, M. E. (1957). The physiology of Fishes. In:

Brown, M.E. (Ed.), Experimental studies

on growth. Academic Press, New York,

pp. 361-400.

N. K. and Perissinotto, R. (2012).
Development of a halotolerant community
in the St. Lucia estuary (South Africa)
during a hypersaline phase. PLoS One, 7:
€29927.

Chand, B. K., Trivedi, R. K., Dubey, S. K., Rout, S.
K., Beg, M. M. and Das, U. K. (2015).
Effect of salinity on survival and growth of
giant freshwater prawn Macrobrachium
rosenbergii (de Man). Aquaculture
Reports, 2: 26-33.
H. (1986). Veterinary Clinical Pathology.
W.B. Saunders, Philadelphia, PA, USA, 1-
42.
Fang, Z. H., Tian, X. L., Dong, S. L., Dai, C. and
Wang, G. D. (2014). Effects of salinity on
the activity of non-specific immune
enzymes of juvenile tongue sole cultured
in various salinities. Journal of Ocean
University of China, 44:46-53.
M. D. S., Calazans, D. and Fontoura, N. F.
(2011). Dial behavioral responses of
Metamysidopsis  Elongata atlantica
(Crustacea, Mysida) to gradients of
salinity and temperature. lheringia. Série
Zoologia, 101 (1-2): 103-108.
K. D. (1992). Reporting fish growth: a
review of the basics. Journal of World
Aquaculture Society, 23: 173-179.
Jacobo, L.L., Diaz, F., Re, A. D., Galindo- Sanchez,
C. E., Sanchez-Lizarraga, A. L., Nunez-
Moreno, L. A. and Moreno-Sierra, D.
(2016). Physiological responses of the red
rocky crab, Cancer antennarius, exposed
to different concentrations of copper

Bio-Research Vol.20 No.2 pp.1546-1551 (2022)

Carrasco,

Coles, E.

Gama, A.

Hopkins,

1550

sulphate. Revista de Biologia Marina y
Oceanografia, 51 (2): 327-336.

Jesuniyi, I. F., Moruf, R. O. and Lawal-Are, A. O.
(2020). Immunomodulatory effect of
Moringa oleifera Lam. aqueous extract on
the  burrowing crab, Cardiosoma
guanhumi  (Latreille, 1828). Nigerian
Veterinary Journal, 41 (3): 264 — 273

Jia, X. Y., Zhuang, P., Feng, G. P., Wang, R. F., Lu,
J. and Huang, X. R. (2012). The
relationship between hemolymph
biochemical parameters and salinity in
female parent Chinese mitten crab
(Eriocheir sinensis). Journal of Fisheries
of China, 36 (1): 91-97.

Lawal-Are, A. O. and Kusemiju, K. (2010). Effect of
salinity on survival and growth of blue
crab, Callinectes amnicola from Lagos
Lagoon, Nigeria. Journal of Environmental
Biology, 31: 461-464.

Lawal-Are, A. O., Moruf, R. O., Olaniyi, I. O. and
Okafor, D. S. (2021). Effects of water
acidification on immune parameters of the
gercacinid crab, Cardiosoma armatum
(Herklots, 1851). Nigerian Journal Pure &
Applied Sciences, 34 (2): 4006-4013

Lawal-Are, A. O., Moruf, R. O., Oluseye-Are, S. O.

and Isola, T. O. (2019). Antioxidant

defense system alternations in four crab
species as a bio-Indicator  of
environmental contamination. Bulletin

UASVM Veterinary Medicine, 76 (1): 73-

80.

and Chen, J. C. (2008). The immune

response of white shrimp Litopenaeus

vannamei and its susceptibility to Vibrio
alginolyticus under low and high pH

stress. Fish & Shellfish Immunology, 25

(6): 701-709.

Long, X., Xugan, W., Lei, Z., Haihui, Y., Yongxu, C.
and Chaoshu, Z. (2017). Effects of salinity
on gonadal development, osmoregulation
and metabolism of adult male Chinese
mitten crab, Eriocheir sinensis. PLoS
One, 12 (6): e0179036.

Lushchak, V. I, Bagnyukova, T. V., Huska, V.V.,
Luzhna, L. I, Lushchak, O.V. and Storey,
K. B. (2005). Hyperoxia results in transient
oxidative stress and an adaptive response
by antioxidant enzymes in gold tissues.
International Journal of Biochemistry and
Cell biology, 37 (8): 1670-1680.

Lv, W., Yuan, Q., Huang, W., Sun, X., Zhou, W. and

Li, C. C.

Zhao, Y. (2022). Effects of reduced
salinity caused by reclamation on
population and physiological

characteristics of the sesarmid crab
Chiromantes dehaani. Scientific Reports,
12 (1): 1-9.

Moruf, R. O., Taiwo, M. A. and Adebayo, Q. (2021).
Nutritional and functional attributes of raw



and grilled crabmeat. Agricultural Science
and Technology, 13 (1): 83-90.

Okunade, G. F, Lawal, M. O., Uwadiae, R. E. and
Moruf, R. O. (2020). Baseline serum
biochemical profile of Pachymelania fusca
(Gastropoda: Melanidae) fromtwo tropical
lagoon ecosystems. African Journal of
Agriculture, Technology and Environment,
9 (2): 141-149.

Reusch, T. B. H. (2014). Climate change in the

oceans: evolutionary versus

phenotypically plastic responses of
marine animals and plants. Evolutionary

Applications, 7: 104-122.

A., Moruf, R. O. and Lawal-Are, A. O.

(2020). Hemato-biochemical profiling of a

burrowing crab exposed to polystyrene

microplastic contaminant. FUDMA Journal

of Sciences, 4 (2): 380 — 385.

Sara, G., Milanese, M., Prusina, I., Sara, A., Angel,
D. L., Glamuzina, B. and Williams, G. A.
(2014). The impact of climate change on
Mediterranean intertidal communities:
losses in coastal ecosystem integrity and
services. Regional environmental change,
14 (1): 5-17.

Sui, Y., Huang, X., Kong, H., Lu, W. and Wang, Y.
(2016). Physiological responses to salinity
increase in blood parrotfish (Cichlasoma
synspilum@x Cichlasoma citrinellumd).
Springer Plus, 5 (1): 1-12.

Sanni, Z.

Bio-Research Vol.20 No.2 pp.1546-1551 (2022)

1551

Thabet, R., Ayadi, H., Koken, M.and Leignel, V.
(2017). Homeostatic responses  of
crustaceans to salinity changes.
Hydrobiologia, 799 (1): 1-20.

Ugwu, C. C., Moruf, R.O. and Lawal-Are, A. O.
(2021). Sublethal effects of
organophosphate chlorpyrifos on hemato-
immunological parameters  of the
gercacinid crab, Cardiosoma armatum

(Herklots, 1851). Bio-Research, 19
(1):1185-1191.
Vargas-Chacoff, L., Saavedra, E., Oyarzin, R,

Martinez-Montafio, E., Pontigo, J. P.,
Yafez, A. and Bertran, C. (2015). Effects
on the metabolism, growth, digestive
capacity and osmoregulation of juvenile of
Sub-Antarctic Notothenioid fish Eleginops
maclovinus  acclimated at different
salinities. Fish physiology and
biochemistry, 41 (6): 1369-1381.

Wang, R., Zhuang, P., Feng, G., Zhang, L., Huang,
X., Zhao, F...and Wang, Y. (2013). The
response of digestive enzyme activity in
the mature Chinese mitten crab, Eriocheir
sinensis (Decapoda: Brachyura), to
gradual increase of salinity. Scientia
Marina, 77 (2): 323-329.



