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Ì²ÊÐÎÊÎÍÖÅÍÒÐÀÖ²¯ ÌÅÒÀË²Â ÓMESOPODOPSIS
ORIENTALIS (CRUSTACEA : MYSIDAÅ) Ç ÎÃËßÄÓ ÍÀ

ÉÎÃÎÆÈÒÒªÂ² ÑÒÀÄ²¯ ÒÀ ÑÒÀÒÅÂÓ
ÏÐÈÍÀËÅÆÍ²ÑÒÜ Â ÅÑÒÓÀÐ²¯ ÊÎ×²Í, ²ÍÄ²ß1

Ì³êðîêîíöåíòðàö³¿ ìåòàë³â ó Mesopodopsis orientalis ç îãëÿäó íà éîãî æèòòºâ³
ñòàä³¿ òà ñòàòåâó ïðèíàëåæí³ñòü âèâ÷àëè â åñòóàð³¿ Êî÷³í â ñåçîí ìóñîí³â òà ó ïå-
ðåä-ìóñîííèé ïåð³îä. Ïðîñòîðîâó íåîäíîð³äí³ñòü ðîçïîä³ëó êîíöåíòðàö³é ìåòàë³â
ñïîñòåð³ãàëè ñåðåä ñòàòåâîçð³ëèõ ñàìö³â, íåçð³ëèõ ñàìö³â, ñàìèöü, ùî â³äíåðåñòèëè-
ñÿ, ñòàòåâîçð³ëèõ ñàìèöü, íåçð³ëèõ ñàìèöü òà þâåí³ëüíèõ îñîáèí M. orientalis. Êîí-
öåíòðàö³¿ òàêèõ ìåòàë³â ÿê Fe, Mn, Zn, Pb, Cu, Cd, Ni, Cr ³ Co ó M. orientalis êîëèâà-
ëèñü ó íàñòóïíèõ ìåæàõ: â³äïîâ³äíî 590,5—1554,9 ìã/êã, 4,1—15,1, 42,0—126,5, 2,5—
17,0, 12,8—61,9, 0,2—2,3, 7,6—25,5, 8,8—33,4 òà 0,2—2,2 ìã/êã. Âèù³ êîíöåíòðàö³¿ ìå-
òàë³â ó M. orientalis ñïîñòåð³ãàëè â ñåçîí ìóñîí³â ïîð³âíÿíî ç ïåðåä-ìóñîííèì ïå-
ð³îäîì. Ñòàòåâîçð³ë³ ñàìö³, íåçð³ë³ ñàìö³, ñàìèö³, ùî â³äíåðåñòèëèñÿ, ñòàòåâîçð³ë³
ñàìèö³, íåçð³ë³ ñàìèö³ òà þâåí³ëüí³ îñîáèíè M. orientalis çíà÷íî â³äð³çíÿëèñÿ çà ñâîºþ
çäàòí³ñòþ äî á³îàêóìóëÿö³¿ ïåâíèõ ìåòàë³â, ùî î÷åâèäíî ïîâ’ÿçàíî ç³ ñïåöèô³êîþ
¿õí³õ ô³ç³îëîã³÷íèõ ïðîöåñ³â. Þâåí³ëüí³ òà íåçð³ë³ îñîáèíè M. orientalis õàðàêòåðèçó-
âàëèñÿ âèùîþ êîíöåíòðàö³ºþ ìåòàë³â ïîð³âíÿíî ç³ ñòàòåâîçð³ëèìè îñîáèíàìè.

Ö è ò ó â à í í ÿ: Á³äæó Àáðàõàì, Äæîðäæ Ðåäæîìîí, Àð³à Ì.Ñ., Áåòò³íà Ï.À., Ìîõàí
Äæîòèðìàéº. Ì³êðîêîíöåíòðàö³¿ ìåòàë³â ó Mesopodopsis orientalis (Crustacea : My-
sidaå) ç îãëÿäó íà éîãî æèòòºâ³ ñòàä³¿ òà ñòàòåâó ïðèíàëåæí³ñòü â åñòóàð³¿ Êî÷³í, ²íä³ÿ.
Ã³äðîá³îë. æóðí. 2023. Ò. 59, ¹ 2. Ñ. 71—89.
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1 Àâòîðè âäÿ÷í³ Êîì³ñ³¿ óí³âåðñèòåòñüêèõ ãðàíò³â (UGC), ²íä³ÿ, çà ô³íàíñóâàííÿ
ïðîåêòó (MRP(S)-1400/11-12/KLKE 039/UGC-SWRO).



Çäàòí³ñòü äî á³îàêóìóëÿö³¿ çíà÷íèõ êîíöåíòðàö³é ìåòàë³â òà ïðîñòîðîâà ³ ñåçîííà
íåîäíîð³äí³ñòü ¿õíüîãî ðîçïîä³ëó ó M. orientalis â çàëåæíîñò³ â³ä éîãî æèòòºâèõ
ñòàä³é òà ñòàòåâî¿ ïðèíàëåæíîñò³ ñâ³ä÷àòü ïðî ìîæëèâ³ñòü âèêîðèñòàííÿ öüîãî
âèäó ÿê á³îìîí³òîðà çàáðóäíåííÿ åñòóàð³¿â ìåòàëàìè.

Êëþ÷îâ³ ñëîâà: ì³êðîêîíöåíòðàö³¿ ìåòàë³â, á³îàêóìóëÿö³ÿ, æèòòºâ³ ñòàä³¿,
Mesopodopsis orientalis, åñòóàð³é Êî÷³í.

The role of zooplankton in the biogeochemical cycling of trace metals by

bioaccumulation has been appreciated markedly in marine ecosystems of the

northern Indian Ocean [1, 4, 7, 9, 11]. The use of mesozooplankton as a biomo-

nitor for the assessment of the bioavailability of trace metals in the eastern Ara-

bian Sea and the western Bay of Bengal differs widely over a variety of spatial

and temporal scales [9, 11]. Since mesozooplankton acts as a secondary produ-

cer and represents the most abundant group of animals in marine ecosystems it

plays a key intermediate role in the transfer of trace metals from lower to higher

trophic levels due to its significant capacity to bio-accumulate metals from wa-

ter, and also to assimilate them through food substances [9, 11, 22, 27]. Thus,

zooplankton becomes one of the recommended groups of animals for baseline

studies of trace metals in marine environments since bioaccumulation data for

trace metals in zooplankton serves as an index to define the pollution status of a

relevant water body [4, 9]. However, data on metal variability between sorted

zooplankton samples that belong to different taxa or their life stages and their

spatial heterogeneity within the coastal waters of India are very scarce [7, 22].

Nevertheless, information on metal concentrations at the species level of zoo-

plankton (e.g. mysids) and their life stages are particularly relevant in basic

physiological studies as it is used for describing the process of metal metabo-

lism in zooplankton assemblages [4, 26].
Mysids are a major component of zooplankton and their ecological impor-

tance as a vital link between the pelagic and benthic food webs of the estuarine

and brackish water bodies of India is becoming increasingly apparent [3]. Me-

sopodopsis orientalis (W. Tattersall, 1908) is an important component of the

shallow coastal water crustacean community and is one of the most widespread

and abundant mysids in the estuarine and brackish water bodies of both the

east and the west coast of India [5, 8, 17, 24]. However, trace metal studies in

mysids from the coastal waters of India are scarce and no previous studies were

available on the distribution of trace metals depending on life stages and sex of

mysids from the Cochin estuary [4, 22]. The present study was carried out to

measure the concentrations of trace metals like iron, manganese, cobalt, nickel,

copper, zinc, chromium, cadmium and lead with regard to certain life stages

and sex of M. orientalis collected from the Cochin estuary during the monsoon

and pre-monsoon seasons. The evaluated communities of zooplankton (e.g.

mysids) demonstrated their suitability as biomonitors for tracing metal conta-

mination in estuarine ecosystems.
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Material and Methods

Study area. The Cochin backwater is a part of a long chain of lakes and ca-
nals, which runs parallel to the southwest coast of India, extending between
Lat. 9°30’—10°10’ N and Long. 76°15’—76°25’ E. This coastal stretch has been
rapidly developing and is a host of various industrial activities. The Elo-
or-Edayar-Ambalamugal area is the major industrial area located in the coastal
zone of the city of Kochi in the Ernakulam District. Kochi, a port city located on
the southwest coast of India, harbours a variety of industrial establishments,
which includes chemical, engineering, food, drug, paper, rayon, rubber, textiles
and plywood industries clustered at two zones — one at the Eloor area on the
banks of the Periyar River and another — at the Ambalamughal area, by the
side of the Chitrapuzha River, which is a tributary of the Periyar River. The ef-
fluents from industries at the Eloor (260 MLD) and Ambalamughal (80 MLD)
areas are discharged into the lower parts of the Periyar and Chitrapuzha rivers.
They are mixed into the northern and central parts of the estuary by tides and
freshwater flows [23]. In addition to the release of waste oil, paints, metal and
paint scrapings from the Cochin port, the city’s domestic sewage (2550 MLD)
also drains into the central part of the estuary. The indiscriminate discharge of
industrial effluents and the weak flows have resulted in the northern estuary ac-
ting as a stagnant pool of metallic contaminants accumulated than from the
more dynamic central zone [2]. Being non-biodegradable, trace metals disc-
harged into estuarine environments through urban and industrial discharges
will remain in solution or in suspension as colloids forming complexes with
inorganic and organic ligands and particulate matter and settling onto the bot-
tom sediments, thus creating a potential source of metals for bioaccumulation
by aquatic organisms [13].

The sampling stations were selected according to supposedly contrasting
contamination status (Figure 1). Station 1 (Bolghatty) and station 2 (Thevara)
are located at the confluence points of the Periyar and Chitrapuzha rivers, res-
pectively. Of these two sampling stations, station 1 is situated in the northern
limb of the estuary which receives effluents from the industries located on the
banks of the Periyar River. Similarly, station 2 is situated in the central estuary
which receives effluents from the industries located on the banks of the Chitra-
puzha River.

Sampling procedure and data analysis. Zooplankton samples were collec-
ted from the Cochin estuary (Figure 1) using a Working Party (WP) net (mesh
size 0.2 mm, mouth area 0.6 m2) during the pre-monsoon (March 2013) and
monsoon (August 2013) periods.

In the laboratory, mysids were sorted under a binocular microscope and
classified according to the degree of development of secondary sexual characte-
ristics; juveniles (J) — individuals without secondary sexual characteristics;
adult/mature males (MM) — well-developed lobus masculin; immature males
(IM) — lobus masculinus present but not yet setose; adult/brooding females
(BF) — well-developed marsupium with eggs or young present in the marsupi-
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um; immature females (IF) — incompletely developed marsupium, spent fe-
males (SF) — females with fully exposed marsupium [5].

M. orientalis occurred throughout the study period and contributed to
55.84 % and 44.16 % at stations 1 and 2 respectively (Table 1). The population
structure of M. orientalis at station 1 during the pre-monsooon period consis-
ted of 15.90 % mature males, 11.27 % immature males, 8.96 % spent females,
8.67 % brooding females, 18.50 % immature females, and 36.71 % juveniles.
During the monsoon period, station 1 was comprised of 16.33 % mature males,
14.51 % immature males, 8.62 % spent females, 10.20 % brooding females,
17.46 % immature females and 32.88 % juveniles. During the pre-monsoon pe-
riod, station 2 was embraced with 11.57 % mature males, 14.05 % immature
males, 7.44 % spent females, 8.68 % brooding females, 15.70 % immature fema-
les, and 42.56 % juveniles. Similarly, during the monsoon period, station 2 was
constituted by 12.70 % mature males, 15.08 % immature males, 8.47 % spent fe-
males, 9.79 % brooding females, 14.55 % immature females, and 39.42 % juve-
niles, respectively.

The sorted samples were placed in small nylon sieves and thoroughly rin-
sed with Milli-Q water to remove salts. Water adhering to the samples was re-
moved by placing the sieve on the laboratory filter paper, which introduced no
contamination. Subsequently, the samples were dried in an oven at 65 °C and
stored in a vacuum desiccator. The dried samples were powdered and aliquots
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Fig. 1. Map of study area with station locations



of ~ 300 mg were digested for 3 hours at 80 °C with 3 ml of HNO3 and 1 ml of
HClO4 (65 %, Merck, Suprapure) in tightly closed Eppendorf reaction tubes [4,
15, 16]. The digests were diluted to 25 ml with Milli-Q water and metals were
analyzed using a Flame Atomic Absorption Spectrophotometer (FAAS, Perkin
Elmer) after calibration with suitable E-Merck elemental standards. All metal
concentrations in M. orientalis are reported in mg/kg of dry weight.

Non-Parametric Kruskal-Wallis Analysis of Variance (ANOVA) was used
for comparing the distribution of trace metals with regard to the life stages of
M. orientalis. Dunns Multiple Post hoc Pair wise Comparison test was perfor-
med to find the pair wise significance. Pearson correlation analysis was perfor-
med to find the inter-relationships of the trace metals concentrations in M. ori-
entalis. The Kruskal Wallis test and Pearson correlation analysis were perfor-
med in the XL-STAT pro software package.

Results

Trace metal concentrations in M. orientalis. The variations of trace metals
like iron (Fe), manganese (Mn), cobalt (Co), nickel (Ni), copper (Cu), zinc
(Zn), chromium (Cr), cadmium (Cd), and lead (Pb) in M. orientalis with re-
gard to certain life-stages and sex during the monsoon and pre-monsoon sea-
sons are given in Table 2.
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Table 1
Details of life stages/sex groups ofM. orientalis analysed

Life
stages

Characters

Number of individuals analysed

Size ran-
ge (mm)

Bolghatty (station 1) Thevara (station 2)

Pre-mon-
soon

Monsoon Pre-mon-
soon

monsoon

MM Well-developed lo-
bus masculin

55 72 28 48 5.2—7.6

IM Lobus masculinus
present but not yet
setose

39 64 34 57 4.2—5.8

SF Females with fully
exposed marsupium

31 38 18 32 4.9—8.3

BF Well-developed mar-
supium with eggs or
young present in the
marsupium

30 45 21 37 4.7—7.4

IF Incompletely develo-
ped marsupium

64 77 38 55 4.3—6.5

J Individuals without
secondary sexual
characteristics

127 145 103 149 1.2—4.6

Note. Here and in the Tables 2—11, 13: MM — mature males; IM — immature males; SF —
spent females; BF — brooding females; IF — immature females; J — juveniles.



During the monsoon and pre-monsoon seasons trace metal concentrati-
ons of M. orientalis were found to be relatively higher at station 1 of Bolgatty
than at station 2 of Thevara (Figure 2). Trace metal content of M. orientalis inc-
reased from pre-monsoon to monsoon season at stations 1 and 2.

Iron (Fe) was the most abundant element examined in M. orientalis. Fe
concentrations in M. orientalis showed wide variations depending on its life
stages. During the monsoon and pre-monsoon seasons, average concentrati-
ons of Fe with regard to certain life stages of M. orientalis ranged from 715.3 to
1554.9 mg/kg and 590.5 to 1155.0 mg/kg, respectively. Fe concentrations were
found to be comparatively higher for immature males, immature females and
juveniles compared to other life stages of M. orientalis.

Mn concentrations showed wide fluctuations between different age groups
of M. orientalis. The average concentrations of Mn in relation to certain life sta-
ges of M. orientalis ranged from 6.1 to 15.1 mg/kg and 4.1 to 12.1 mg/kg, res-
pectively, for the monsoon and pre-monsoon seasons. Similar to Fe, Mn con-
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Table 2
Average concentration of trace metals (mg/kg) with regard to certain life stages and

sex ofM. orientalis during the monsoon (M) and pre monsoon (P) seasons

Life stages Fe Mn Zn Pb Cu Cd Ni Cr Co

MM P 590.5±
70.24

4.1±
0.18

42.0±
7.18

4.4±
1.37

12.8±
4.21

0.3±
0.01

7.6±
1.31

8.8±
1.86

0.2±
0.04

M 715.3±
151.97

6.1±
1.35

55.0±
11.31

6.2±
1.35

18.2±
4.09

0.6±
0.16

9.1±
1.63

10.9±
3.68

0.4±
0.31

IM P 1003.5±
216.74

11.0±
1.41

83.2±
5.98

9.1±
1.24

29.1±
5.16

0.7±
0.08

17.3±
2.83

24.4±
5.13

1.8±
0.62

M 1054.7±
268.53

12.2±
2.95

92.2±
5.86

11.2±
1.48

42.9±
17.98

1.2±
0.11

20.9±
3.24

30.0±
10.25

2.2±
0.47

SF P 682.0±
172.02

5.1±
1.46

48.1±
4.32

4.0±
0.78

15.5±
2.52

0.4±
0.04

9.8±
2.43

16.7±
5.03

0.55±
0.16

M 767.2±
190.09

6.7±
1.13

56.0±
2.83

5.2±
1.48

18.9±
3.61

0.6±
0.05

12.7±
2.72

23.6±
2.69

0.70±
0.22

BF P 805.9±
163.92

7.8±
0.73

61.8±
11.00

2.5±
0.48

19.4±
6.02

0.2±
0.09

9.0±
1.57

11.3±
1.61

0.43±
0.11

M 833.2±
63.76

8.0±
1.55

71.5±
7.78

3.8±
0.57

21.9±
5.24

0.4±
0.17

10.8±
1.89

18.1±
2.43

0.56±
0.01

IF P 1155.0±
177.99

12.1±
1.54

110.7±
13.72

12.8±
2.58

32.3±
4.56

0.6±
0.13

13.2±
0.74

24.5±
9.65

1.38±
0.46

M 1554.9±
330.53

15.1±
1.91

126.5±
21.92

16.8±
2.27

61.9±
19.89

1.0±
0.15

16.6±
1.47

33.4±
7.06

1.80±
0.35

J P 1021.6±
53.23

11.5±
0.95

91.7±9.
50

15.7±
1.51

30.2±
4.83

1.4±
0.27

18.6±
2.83

17.8±
1.73

1.4±
0.21

M 1239.6±
115.39

13.7±
2.97

124.0±
11.31

17.0±
2.72

42.1±
8.21

2.3±
0.25

25.5±
2.52

23.5±
7.07

2.0±
0.42



centrations were also found to be somewhat higher for immature males, imma-

ture females and juveniles than in the other life stages of M. orientalis.
The concentration of Zn with regard to certain life stages of M. orientalis

showed wide fluctuations and ranged from 55.0 to 126.5 mg/kg and 42.0 to

110.7 mg/kg, respectively, during the monsoon and pre-monsoon seasons. Im-

mature females and juveniles showed reasonably higher Zn concentrations

compared to other life stages of M. orientalis.
The concentration of Pb with reference to certain life stages of M. orientalis

also showed wide fluctuations and ranged from 3.8 to 17.0 mg/kg and 2.5 to

15.7 mg/kg, respectively, for the monsoon and pre-monsoon seasons. Pb con-

centrations of M. orientalis were found to be relatively higher for immature fe-

males and juveniles than for other life stages.
Cu concentrations of M. orientalis with regard to noted life stages showed

wide fluctuations and ranged from 18.2 to 61.9 mg/kg and 12.8 to 32.3 mg/kg,

respectively, during the monsoon and pre-monsoon seasons. The concentrati-

ons of Cu were found to be quite higher in immature males, immature females

and juveniles than the other life stages of M. orientalis.
The concentration of Cd with regard to certain life stages of M. orientalis

also showed wide variations and ranged from 0.4 to 2.3 mg/kg and 0.2 to

1.4 mg/kg, respectively, for the monsoon and pre-monsoon seasons. Cd con-
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Fig. 2. Average concentration of trace metals (mg/kg) with regard to certain life stages and
sex of M. orientalis: MM — mature males; IM — immature males; SF — spent females; BF
— brooding females; IF — immature females; J — juveniles



centrations were found to be higher in juveniles than in the other life stages of
M. orientalis.

Ni content with regard to different age groups of M. orientalis showed wide
differences and ranged from 9.1 to 25.5 mg/kg and 7.6 to 18.6 mg/kg, respecti-
vely, during the monsoon and pre-monsoon seasons. Ni content was found to
be reasonably higher in immature females and juveniles than in the other life
stages of M. orientalis.

Chromium (Cr) content depending on certain life stages of M. orientalis
showed large variations and ranged from 10.9 to 33.4 mg/kg and 8.8 to
24.5 mg/kg, respectively, during the monsoon and pre-monsoon seasons. Cr
concentrations were found to be moderately higher in immature males and im-
mature females than in the other life stages of M. orientalis.

Co concentrations with regard to certain life stages of M. orientalis also
showed wide variations and ranged from 0.4 to 2.2 mg/kg and 0.2 to 1.8 mg/kg,
respectively, during the monsoon and pre-monsoon seasons. Co concentrati-
ons were found to be relatively higher in immature males, immature females
and juveniles than in the other life stages of M. orientalis.

Metal-specific differences were found to be apparent (Dunn’s Multiple
Comparison Test, Tables 3 to 12) for all studied mysid individuals representing
certain life stages and sex. A significant difference (p<0.05) in metal content
was observed as follows: between mature males and immature males for Fe,
Mn, Zn, Pb, Cu, Ni, Cr and Co. Likewise significant difference (p<0.05) in me-
tal content was noted as follows: between mature males and immature females
for Fe, Mn, Zn, Pb, Cu, Ni, and Co; between mature males and spent females
for Cr; between mature males and immature females for Cr and Co; between
mature males and juveniles for Zn, Pb, Cu, Cd, Ni, Cr and Co; between imma-
ture males and juveniles for Fe and Mn; between immature males and spent fe-
males for Fe, Mn, Cu and Co; between immature males and spent females for
Fe, Mn and Zn; between immature males and brooding females for Mn, Pb, Cu,
Cd, Ni, Cr and Co; between spent females and immature females for Fe, Mn,
Zn, Pb and Cu; between spent females and juveniles for Fe, Mn, Zn, Pb, Cu, Cd
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Table 3
Dunn’s multiple pair wise comparison test for Fe concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.040 1.000

SF 0.653 0.046 1.000

BF 0.294 0.317 0.548 1.000

IF 0.001 0.220 0.005 0.026 1.000

J 0.006 0.468 0.020 0.084 0.617 1.000

Note. Here and in the Tables 4—12: bold represents the significant relationships at p<0.05.



and Ni; between brooding females and immature females for Fe, Mn, Zn, Pb,

Cu, Cd, Cr and Co; and between brooding females and juveniles for Mn, Pb,

Cu, Cd, Ni and Co, respectively.
Inter-elemental relationships. Possible associations among the elements

with reference to the life stages of M. orientalis were assessed using Pearson’s

correlation coefficients. Accumulation behaviours of trace metals in mysids re-
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Table 4
Dunn’s multiple pair wise comparison test for Mn concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.016 1.000

SF 1.000 0.016 1.000

BF 0.294 0.047 0.294 1.000

IF 0.002 0.484 0.002 0.040 1.000

J 0.006 0.726 0.006 0.049 0.726 1.000

Table 5
Dunn’s multiple pair wise comparison test for Zn concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.028 1.000

SF 0.822 0.048 1.000

BF 0.260 0.282 0.368 1.000

IF 0.001 0.230 0.001 0.023 1.000

J 0.003 0.453 0.006 0.068 0.653 1.000

Table 6
Dunn’s multiple pair wise comparison test for Pb concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.420 1.000

SF 0.726 0.134 1.000

BF 0.250 0.021 0.424 1.000

IF 0.036 0.342 0.014 0.001 1.000

J 0.014 0.194 0.005 0.001 0.726 1.000



sult in part from their interaction with the habitat [11]. Trace metals origina-

ting from industrial and domestic effluents in a flow-restricted estuary can un-

dergo metal-metal interactions synergistically at the exposure concentrations

in the habitat and may perhaps undergo bioaccumulation in individuals of M.

orientalis representing certain life-stages and sex [4]. All the studied metals

were found to be significantly correlated with each other (p<0.05, Table 12).
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Table 7
Dunn’s multiple pair wise comparison test for Cu concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.014 1.000

SF 0.764 0.032 1.000

BF 0.424 0.049 0.617 1.000

IF 0.002 0.565 0.006 0.026 1.000

J 0.006 0.783 0.015 0.044 0.764 1.000

Table 8
Dunn’s multiple pair wise comparison test for Cd concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.057 1.000

SF 0.803 0.099 1.000

BF 0.438 0.007 0.305 1.000

IF 0.154 0.635 0.240 0.028 1.000

J 0.004 0.317 0.008 0.001 0.140 1.000

Table 9
Dunn’s multiple pair wise comparison test for Ni concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.003 1.000

SF 0.317 0.051 1.000

BF 0.653 0.012 0.582 1.000

IF 0.036 0.395 0.271 0.099 1.000

J 0.001 0.653 0.016 0.003 0.194 1.000



These strong correlations were possible because of efficient uptake and low (or

limited) elimination rate of these metals in M. orientalis [4, 25]. Further, the
strong correlations between essential (Fe, Mn, Co, Ni, Cu and Zn) and non-es-
sential (Cr, Cd and Pb) metals indicate synergistic interactive effects with simi-
lar polluting sources (industrial effluents) suggesting common routes of uptake

in M. orientalis by interaction with the habitat [21].

Discussion

Trace metal levels detected within certain life stages and sex of M. orienta-

lis varied spatially and seasonally with higher concentrations during the mon-
soon period than during the pre-monsoon period. The difference in elemental
bioaccumulation patterns between mature males, immature males, spent fe-
males, brooding females, immature females and juveniles will be discussed ac-
cording to specific accumulation strategies and to potential metabolic require-
ments [4].

Order of metal occurrence with regard to life stages and sex of M. orientalis.

Trace metal content in mature males can be arranged in the following order: Fe
> Zn > Cu > Cr > Ni > Pb > Mn > Cd > Co, whereas in immature males and bro-
oding females except for Fe, Zn, Cu and Cr it follows another order: Fe > Zn >
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Table 10
Dunn’s multiple pair wise comparison test for Cr concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.002 1.000

SF 0.040 0.317 1.000

BF 0.395 0.028 0.230 1.000

IF 0.001 0.901 0.260 0.020 1.000

J 0.048 0.282 0.940 0.260 0.230 1.000

Table 11
Dunn’s multiple pair wise comparison test for Co concentration relating to

life stages and sex ofM. orientalis

MM IM SF BF IF J

MM 1.000

IM 0.001 1.000

SF 0.368 0.020 1.000

BF 0.599 0.007 0.708 1.000

IF 0.009 0.532 0.089 0.038 1.000

J 0.005 0.671 0.057 0.023 0.841 1.000



Cu > Cr > Ni > Mn > Pb > Co > Cd. Similarly, trace metal content in the spent

females when compared with mature males, immature males and brooding fe-

males except for Fe, Zn and Ni it follows a different order: Fe > Zn > Cr > Cu >

Ni > Mn > Pb > Co > Cd. Likewise, trace metal content in immature females

follows an order: Fe > Zn > Cu > Cr > Ni > Pb > Mn > Co > Cd, whereas in juve-

niles except for Cr and Ni, it follows a similar order: Fe > Zn > Cu > Ni > Cr > Pb

> Mn > Cd > Co. Thus, the hierarchy of metal concentrations with regard to life

stages of M. orientalis was found to vary for most elements except for Fe and

Zn.
A comparison of metal bioaccumulation relating to the life stages of

M. orientalis reveals that Fe is bioaccumulated more than any other metal; Zn

showed a similar enrichment and least for Cd (except for mature males and ju-

veniles). The non-essential element Cr is taken up at a higher rate than the es-

sential element Mn under study for most life stages of M. orientalis. Similarly,

the non-essential element Pb is taken up at a higher rate than the essential ele-

ment Mn under study in immature males and females, brooding females and

juveniles of M. orientalis. The occurrence of high concentrations of the non-es-

sential element Cd in the estuarine environment of Cochin from industrial ef-

fluents is immediately reflected in the Cd levels of mature males and juveniles

of M. orientalis, which in fact is concentrated more effectively than the essential

element Co under study [13]. Similarly, the occurrence of high concentrations

of Zn in the estuarine environment of Cochin from industrial effluents is im-

mediately reflected in the Zn levels at certain life stages of M. orientalis, which

in fact is concentrated more effectively than Cu [13, 22]. High accumulation of

Zn noted in certain life stages of M. orientalis may be due to co-precipitation of

Zn along with calcium carbonate minerals in the estuarine environment of

Cochin [9, 25].
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Table 12
Pearson correlation coefficients between trace metals relating to life stages

and sex ofM. orientalis

Fe Mn Zn Pb Cu Cd Ni Cr Co

Fe 1.000

Mn 0.952 1.000

Zn 0.946 0.961 1.000

Pb 0.784 0.831 0.854 1.000

Cu 0.969 0.967 0.964 0.849 1.000

Cd 0.672 0.658 0.609 0.896 0.680 1.000

Ni 0.776 0.835 0.734 0.833 0.855 0.873 1.000

Cr 0.849 0.774 0.775 0.638 0.814 0.646 0.697 1.000

Co 0.869 0.884 0.816 0.762 0.898 0.659 0.896 0.896 1.000



Assessment of trace metal concentrations with regard to life stages and sex of
M. orientalis. The statistical significance of the spatial and seasonal differences
of trace metal concentrations noted with regard to certain life stages and sex of
M. orientalis was tested using the Kruskal-Wallis Analysis of Variance. Results
indicate that the spatial and seasonal variability in the concentrations of metals
relating to the life stages of M. orientalis was found to be statistically significant
(p<0.05, Table 13).

The instantaneous metal content in zooplankton (e.g. mysid species,
M. orientalis) seems to depend on the degree of imbalance between the ingoing
and outgoing fluxes of metals from anthropogenic sources on land that were
discharged through the rivers that flow into the Cochin backwaters [4, 13]. One
characteristic feature noted from the investigated data of life stages of M. orien-
talis for the monsoon and pre-monsoon seasons, is that the concentrations of
essential (Fe, Mn, Co, Ni, Cu and Zn) and non-essential (Cr, Cd and Pb) metals
detected are high and increase from station 2 of Thevara to station 1 of Bolghat-
ty (Fig. 2). Hence, the spatial variations of trace metal levels in the life-cycle of
M. orientalis from this restricted area of Cochin backwaters are associated with
the evolving gradients in metal concentrations that are triggered by environ-
mental pollution [15]. In the booming city of Cochin, heavy industrialization,
rapid urbanization and agricultural expansion lead to trace metal enrichment
of the estuarine environment [13, 15]. The elevated concentrations of metals
detected in the life stages of M. orientalis, at stations 1 and 2, are probably rela-
ted to the high influx of metals as a result of pollution from the industries loca-
ted on the banks of the Periyar and Chitrapuzha rivers and consequently incre-
ased bioavailability of metals to the mysids there [4]. Thus, the spatial variabili-
ty of metal concentrations noted with regard to life stages of M. orientalis is as-
sociated with its enrichment due to pollution by the discharge of industrial ef-
fluents impregnated with variable loads of trace metals to stations 1 and 2, res-
pectively, of the Cochin backwaters through the nearby Periyar and Chithra-
puzha rivers [4, 13, 15, 23].

Another characteristic feature that was noted is the wide fluctuations in the
concentration of metals like Fe, Zn, Cu, Cr, Ni, Pb, Mn, Cd and Co with refe-
rence to life stages of the mysid species, M. orientalis and metal concentrations
increased from the pre-monsoon to monsoon period. This can be attributed to
the capacity of each age group (life-stage) to concentrate a particular element
by different means like direct uptake from water or assimilation of metals thro-
ugh ingesting food [22]. A possible explanation for the seasonal variations of
metal concentrations detected with regard to life stages of M. orientalis might
be due to the changing accumulation strategies of M. orientalis that are related
to variable feeding habits involved during the pre-monsoon and monsoon sea-
sons [4]. Thus, the seasonal differences of metal concentrations detected in va-
rious life stages of the mysid species, M. orientalis is probably related to the sea-
sonally changing metal absorption in individuals of M. orientalis from the vari-
able competence for food items during the pre-monsoon and monsoon sea-
sons. Hence, during the pre-monsoon and monsoon seasons, the decreased
and increased concentrations of metals detected for life stages of M. orientalis
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are associated with low and high primary production, where M. orientalis feeb-
ly and intensively feeds on phytoplankton, respectively, in the Cochin backwa-
ters [4, 19].

The influence of life-history status on the accumulated metal levels of the
individuals of M. orientalis during both the monsoon and pre-monsoon peri-
ods is remarkable (Fig. 2). For instance, Fe showed 1.5 and 2.2 times higher ac-
cumulation in immature males and immature females, respectively, when
compared to mature males. Similarly, Mn showed 1.3, 2.0, 2.2 and 2.5 times
higher accumulation in brooding females, immature males, juveniles, and im-
mature females, respectively, when compared to mature males. Zn also showed
1.3, 1.7, 2.2 and 2.3 times higher accumulation in brooding females, immature
males, juveniles, and immature females, respectively, when compared to matu-
re males. Pb showed 1.4, 1.6, 2.9, 4.4 and 4.5 times higher accumulation in
spent females, mature males, immature males, immature females and juveniles,
respectively, when compared to brooding females. Cu also showed 1.2, 2.3, 2.4
and 3.4 times higher accumulation in brooding females, juveniles, immature
males and immature females, respectively, when compared to mature males.
Similarly, Cd also showed 1.4, 1.5, 2.5, 3.0 and 5.8 times higher accumulation in
mature males, spent females, immature females, immature males and juveniles,
respectively, when compared to brooding females. Ni showed 1.4, 1.8, 2.2 and
2.8 times higher accumulation in spent females, immature females, immature
males and juveniles, respectively, when compared to mature males. Cr also
showed 1.7, 2.1, 2.2, 2.8 and 3.1 times higher accumulation in brooding fema-
les, juveniles, spent females, immature males and immature females, respecti-
vely, when compared to mature males. Likewise, Co showed 1.4, 1.8, 4.5, 5.0
and 5.5 times higher accumulation in brooding females, spent females, imma-
ture females, juveniles and immature males, respectively, when compared to
mature males.

Early life stages of M. orientalis bioaccumulated a higher amount of metals
than the adult stages. For instance, the higher accumulation rates of Fe, Mn,
Zn, Cu and Cr in immature females, Co in immature males, and Pb, Cd and Ni
in juveniles, when compared to adults, suggest a net accumulation strategy for
these metals during the early life span of M. orientalis for both the monsoon
and pre-monsoon periods are noteworthy. The physiology of M. orientalis that
is susceptible to specific trace metals during the growth periods of individual
life stages may account for the differences in metal bioaccumulation patterns
[26]. The large surface-to-body mass ratio of the younger individuals when
compared to adults leads to a higher amount of metal accumulation through
adsorption in M. orientalis [20]. The low amount of metal accumulation in
adult species when compared to younger ones can be caused by a pronounced
dilution effect produced by the increasing body mass during the growth of
M. orientalis [20]. Metabolic activities in younger individuals of mysids are
usually higher than in elder ones due to higher growth rates [28]. Since metal
uptake rates in aquatic animals (e.g. fish, mysids, etc.) are positively correlated
to metabolic rate the higher accumulation rates of Fe, Mn, Zn, Cu and Cr in im-
mature females, Co in immature males and Pb, Cd and Ni in juveniles of M. ori-
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entalis can be attributed to a high metabolism intensity associated with the en-
hanced feeding rates of younger ones when compared to adults [10, 14, 16, 20].
Consequently, the variation in accumulation behaviours noted for trace metals
like Fe, Mn, Zn, Cu, Cr, Co, Pb, Cd, and Ni with regard to life stages and sex can
be attributed to contrasting elemental regulations for these specific trace metals
that are in relation with the different physiological requirements probably as-
sociated with the variations in metabolic rates that are linked with the disparity
in feeding rates during its growth periods of M. orientalis [6, 18, 20, 28].

The net accumulation strategies shown for Fe, Mn, Zn, Cu and Cr in im-
mature females, Co in immature males, and Pb, Cd and Ni in juveniles when
compared to adults during the early life span of M. orientalis encourage us to
recommend the use of these immature stages or juveniles as potential biomoni-
tors for these trace metals. One of the implications of the high Zn and Cu con-
centrations (110.7 to 126.5 mg/kg and 32.3 to 61.9 mg/kg) noted in immature
females, high Pb, Cd and Cr (15.7 to 17.0 mg/kg, 1.4 to 2.3 mg/kg and 24.5 to
33.4 mg/kg) concentrations noted in juveniles, of M. orientalis is that it may
have an enormous potential for trophic transfer to fish inhabiting the Cochin
backwaters [14]. The selective feeding of this metal-contaminated zooplankton
(e.g. mysids) by fish may have toxic effects on human populations who consu-
me them [10, 14, 16]. The question of whether these elements are stored in zoo-
plankton (e.g. mysids) in a form that is bioavailable to fish must be directed to
future studies. Future studies should also address the role of different metal
uptake pathways in zooplankton (via dissolved fraction in water or via food
items like particulates or phytoplankton etc.).

Conclusion

The present work reports the first study of trace metal concentrations with
regard to certain life stages and sex of Mesopodopsis orientalis from a heavily in-
dustrialized estuary of India, the Cochin estuary. In conclusion, an enhanced
variability of metal concentrations depending on its life-history status is noted
for M. orientalis. High metal bioaccumulation and its spatial and seasonal vari-
ability with regard to its life stages and sex suggest the importance of M. orien-
talis as a potentially suitable biomonitor for detecting metal contamination
events in estuarine ecosystems. Since immature stages and juveniles of M. ori-
entalis showed well-enhanced metal bioaccumulation than mature (adult) or-
ganisms, these life stages of M. orientalis should be used in routine biomonito-
ring studies.
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TRACE METAL CONCENTRATIONS IN MESOPODOPSIS ORIENTALIS
(CRUSTACEA: MYSIDAE) WITH REGARD TO ITS LIFE STAGES AND SEX IN THE

COCHIN ESTUARY, INDIA

Trace metal concentrations with regard to certain life stages and sex of mysid species,
Mesopodopsis orientalis, from the Cochin estuary were studied during monsoon and
pre-monsoon seasons. Spatially varying heterogeneous patterns of trace metal loads were
apparent within the mature males, immature males, spent females, brooding females, im-
mature females and juveniles of M. orientalis for the region. The concentration ranges of
trace metals like Fe, Mn, Zn, Pb, Cu, Cd, Ni, Cr and Co in M. orientalis were: 590.5 to
1554.9 mg/kg, 4.1 to 15.1 mg/kg, 42.0 to 126.5 mg/kg, 2.5 to 17.0 mg/kg, 12.8 to 61.9 mg/kg,
0.2 to 2.3 mg/kg, 7.6 to 25.5 mg/kg, 8.8 to 33.4 mg/kg and 0.2 to 2.2 mg/kg, respectively.
Higher metal concentrations were noted for the life stages of M. orientalis during the mon-
soon season than in the pre-monsoon season. Mature males, immature males, spent fema-
les, brooding females, immature females and juveniles of M. orientalis showed large varia-
bility in bioaccumulation for specific metals probably associated with distinct physiologi-
cal processes. Juveniles and immature stages of M. orientalis showed higher metal concent-
rations than adult organisms. High metal bioaccumulation and its spatial and seasonal va-
riability with regard to animal life stages and sex suggest the importance of M. orientalis as
a biomonitor for tracing metal contamination in estuarine environments.

Keywords: trace metal, bioaccumulation, life stages, Mesopodopsis orientalis, the Coc-
hin estuary.
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