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ABSTRACT

Lobster cage culture started around 1990 in Xuan Dai bay and grew fast in recent years, contributing
significantly to the socio-economic development of the region. But the impact on the ecological environment of
cage culture operation also needs to consider. This paper points out the status of the macrobenthic community,
studied at two stations inside the cage culture area (X1, X2) and one reference station (Xr) in the non-cage
culture area. A total of 90 samples with 5 replicate samples per station were collected in six surveys during the
dry and rainy seasons from June 2019 to May 2020. These samples were classified and recorded into 80 taxa
belonging to 49 families and 5 classes. The class Polychaetes had the most diverse species composition with
53 taxa (66% of the total number of taxa). The crustacean group had 14 taxa (18%) belonging to 13 families;
Molluscs had 9 taxa (11%) belonging to 6 families of class Bivalvia. The echinoderms had 4 taxa (5%).
Capitella capitata, a species known as an indicator of organic pollution, was recorded in both stations of the
culture area but was not present at the reference station. Furthermore, some dominant species presented in the
culture stations such as Cossura longocirrata (contributed 43.52% in station X1) and Ceratonereis sp.
(contributed 27.57% in station X2). These species are considered opportunistic species that can adapt to
disturbed environmental conditions. Significantly, the species of echinoderms group were only recorded in the
reference station. The species composition was only about 24% similar to those at the cage culture stations. The
species richness index (D) values ranged from 1.50 (X2.6) to 6.82 (Xr.3). The diversity index (H") varied from
0.88 (X2.4) to 2.98 (Xr.3). The evenness index (J) had the lowest average value at station X2 (J = 0.59 + 0.20)
and the highest value at the reference station Xr (J = 0.78 + 0.03). The indices D, H' and J of the macrobenthic
community at the reference stations have higher average values compared to those estimated at cage culture
stations. These results proved cage culture activities have gradually impacted the benthic fauna, reduced
biodiversity, and encouraged the appearance of opportunistic species. Thus, further studies on the macrobenthic
community dynamic with ecological criteria are necessary to establish a set of biological indicators to monitor
the environmental quality of the coastal aquaculture area.
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INTRODUCTION

Xuan Dai Bay locates in the north of Phu
Yen province with an area of 9,000 ha. Lobster
cage culture started in this semi-enclosed bay
around 1990. Currently, the aquaculture areas
develop widely about 1,000 ha with an annual
commercial lobster yield is over 700 tons. The
revenue from lobster culture is about 500-600
billion VND/year, contributing significantly to
the socio-economic status [1].

However, many studies have shown that
coastal aquaculture harms the ecological
environment through aquaculture waste such as
uneaten feed, animal manure, the use of
chemicals and medicines, crossbreeding, and
the transmission of parasites and diseases
between cultured species and wild fish [2-6].
Sediment below the aquaculture cages often
accumulates high organic content from food
and fish feces (biological) and other cultured
organisms. Still, the sedimentation rate is
highly dependent on culture location, species
reared, type of feed, culture operation
management, water flow, and depth. Studies
from different parts of the world show
significant variation in sediment rates, but in
general, most areas below the cage bottom have
a sedimentation rate increase 2-20 times
greater than that of other areas with no farming
activities [7-10]. In the salmon farming
industry, Hargrave (1994) [11] determined the
organic carbon content below the trout cage to
be 500 times higher, and other studies such as
Brown et al., (1987) [12] found very high
organic matter content, high sulfur content, and
very little dissolved oxygen. The high organic
content results from excess feed and fecal
waste in intensive cage culture operations.

Macrobenthic communities are considered
“key species” in environmental quality
monitoring programs. This species is capable of
little transport, making it hard for them to avoid
the adverse effects of the aquatic and
sedimentary environment. Besides, they have a
relatively long-life cycle, enabling them to
indicate or synthesize disturbances in the
aquatic and sedimentary environment over
time. Moreover, this group consists of many
species with good tolerance to significant
environmental changes and can also proliferate

190

to form dominant populations  [13].
Furthermore, benthic animals are essential in
nutrient cycling, sediments, and water column
[14, 15].

This paper presents the status of the
macrobenthic community at the coastal cage
sites of Xuan Dai bay, Song Cau town, in Phu
Yen province. These results form the basis for
establishing an appropriate set of biological
indicators to assess and warn environmental
risks for coastal cage farming.

MATERIAL AND METHODS
Study sites

This study was carried out at three stations
in Xuan Dai bay in South Central Vietnam,
coded X1 (109.243123E; 13.472407N); X2
(109.268754E; 13.45524N), and Xr
(109.239895E; 13.429361N), marked in Fig. 1.
Two stations (X1, X2) locate inside the cage
culture areas, and the reference station (Xr) is
in non-cage culture areas.
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Figure 1. The map of study sites

Sample collection and analysis
Six surveys of macrobenthos samples
collection were conducted at three stations
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during the dry and rainy seasons (Table 1). Five
replicate samples were collected at each station.

The benthic samples were collected using Van
Veen grab with an area of 0.04 m?.

Table 1. Information on the six surveys

Seasons Month Survey code Station X1 Station X2 Station Xr
Dry Seasons Jun. 2019 2 X1.2 X2.2 Xr.2
Dry Seasons Aug. 2019 3 X1.3 X2.3 Xr.3
Rainy Seasons Nov. 2019 4 X1.4 X2.4 Xr.4
Rainy Seasons Jan. 2020 5 X1.5 X2.5 Xr.5
Dry Seasons Mar. 2020 6 X1.6 X2.6 Xr.6
Dry Seasons May 2020 7 X1.7 X2.7 Xr.7

The sediment samples were washed and
sieved through a 500 pm mesh to collect all
groups of the organisms. The specimens were
then fixed with 70% alcohol and transferred to
the laboratory. At the laboratory, macrobenthos
was sorted into four main groups: polychaetes
(Po.), molluscs (Mo.), crustaceans (Cr.), and
echinoderms (Ec.); then identified as the lowest
taxon as possible and counted. Classification of
benthic animals by  anatomical and
morphological comparison method according
to [16-31].

Data analysis
Data were processed using Excel software.
Analysis of the benthic community
structure was carried out through the indices of
diversity (H"), species richness (D), and
evenness (J) using Primer 6.0 software.

Diversity index (H) (Shannon and
Weaver).
' n N
H =Zizlﬁlnﬁ (1)

where: n;: number of individuals of species i;
N: total number of individuals.

Evenness index J (Pielou):
J=H'/log$S 2

where: H' is the Shannon diversity index; S is
the total number of species.

Species richness index D (Margalef):
D=(S-1)/InN ®)

where: S: total number of species; N: the total
number of individuals.

Analysis the average cluster group was
based on the data of species composition and
density using the Bray-Curtis similarity
method. The data were converted to logx
before analysis.

The Two-way ANOVA was used to check
the difference in density and biodiversity
indices among seasons and survey stations.

RESULTS
Macrobenthic diversity

Analyzed 1966 macrobenthos individuals
from 90 soft bottom quantitative samples
recorded 80 taxa belonging to 49 families and 5
classes. The class Polychaetes was recorded as
the most diverse species composition with 53
taxa (66% of the total number of taxa), with
some families having more taxa than the others,
such as Spionidae (7 taxa), Capitellidae (6
taxa), Cirratulidae (4 taxa). The crustacean
group had 14 taxa (18%) belonging to 13
families; Molluscs had 9 taxa (11%) belonging
to 6 families of class Bivalvia. The
echinoderms had 4 taxa (5%), and all belonged
to Amphiuridae, the Order Ophiurida family.

There was a remarkable difference in
species diversity as well as the structure of
macrobenthic species between the cage culture
stations and the reference station (Table 2). The
reference station (Xr) had 69 recorded taxa
which were 2.38 times higher than the number
of taxa at two stations in the cage culture area
X1 and X2 (both had the same number of 29
taxa). This result confirmed the reveal of Habib
et al., (2020) [32].

The analysis also showed that the
Capitella capitata of the family Capitellidae,
an indicator of organic pollution that
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dominates the benthic community at fish
farming [33-34], was recorded in both stations
of the cage culture stations but was not present
at the reference station.

In particular, the species Ceratonereis sp.
belonging to the family Nereididae only
appeared in station X1 with a very high
frequency (80%) but did not appear in both
station X2 (cage culture stations) and Xr

(reference station). In contrast, some species
that appeared in the reference station with high
frequency but not or very rarely recorded in the
cage culture station, such as Linopherus sp.
(57%), Orbinia vietnamensis (53%), Sternaspis
papillosa (50%), Terebellides stroemii (53%)
and Laonome triangularis (33%). Especially,
the species of echinoderms group were only
recorded in the reference station (Xr).

Table 2. Number of taxa of macrozoobenthos groups
at surveyed stations at Xuan Dai bay (family level)

Area

Cage culture

Reference Total

Station X1

X2 Xr

Polychaeta 23

22 47

Acoetidae

[EEN

Amphinomidae

Capitellidae 2

N

Cirratulidae

Cossuridae 1

Chaetopteridae

Chrysopetalinae

Eunicidae

Glyceridae

Goniadidae

Hesionidae 2

Lumbrineridae

Magelonidae

Melinnidae

Nephtyidae 2

Nereididae 1

Oenonidae 1

Onuphidae

Opheliidae 2

Orbiniidae

Paralacydoniidae

Paraonidae

Pilargidae

Poecilochaetidae

T T T T I T TN N T T T T I T T T T T T TS, 1N

Polynoidae

Sabellidae

JiRiRkr Rk ke

Spionidae

Sternaspidae

Trichobranchidae

N

Crustacea

Alpheidae 1

Anthuridae

Bodotriidae

Chasmocarcinidae

Ectinosomatidae

Gammaridae 1
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I
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Area Cage culture Reference Total
Station X1 X2 Xr
Harpactidae 1 1
Leptocheliidae 1 1
Mysidae 1 1
Palaemonidae 1 1
Parapseudidae 1 1
Pasiphaeidae 1 1
Portunidae 1 1
Echinodermata 4 4
Amphiuridae 4 4
Mollusca 4 3 7 9
Corbulidae 1 1 1
Lucinidae 1 1
Pteriidae 1 1
Solenidae 1 1
Tellinidae 2 2 2 3
Veneridae 1 2 2
Total 29 29 69 80
38 69 80

Macrobenthic density

The average density of the macrobenthic
community in the cage culture stations was 420
+ 258.6 at X1, and 523 + 4123 at X2
individuals/m? (ind./m); the reference station
(Xr) was higher in density (695 + 310.7
ind./m?) comparing to both cage culture
stations.  Polychaetes  population  always
dominated at all stations, with an average
density of 388 + 218.2 ind./m? (92.5 % of total
density) at X1, 514 + 410.3 ind./m* (98.3%) at
X2, and 623 + 288.1 ind./m’ (89.7%) at Xr
(Table 3). Crustaceans, molluscs, and
echinoderms had a very low density, varying
from 0-6.1%. Nevertheless, the difference in
the average density of the macrobenthic
community was not statistically significant
between stations (p = 0.65) and survey seasons
(p = 0.39) in Xuan Dai bay.

Macrobenthic community structure

Analysis of the benthic community
structure in the study area by the Bray-Curtis
similarity method shows 3 main groups
representing 3 survey stations X1, X2, and Xr
(Figure 2).

Group 1 includes a collection of 27
benthic taxa obtained at station X1 (except for
X1.7) with 41% similarity. The benthic species
composition in the rainy season surveys (X1.4

and X1.5) had a very high similarity (68%),
while that in the dry season ranges from 41—
55%. The dominant species of this group were
Ceratonereis sp., Ophelia grandis, Prionospio
cirrifera, and Pseudopolydora sp. with the rate
of 37%, 15.5%, 10.3%, respectively.

Group 2 includes macrobenthos at station
X2 (except for X2.3 of the August 2019 survey)
and X1.7 with a similarity level of 45%. The
two surveys in the rainy season had a similarity
of 50% and in the dry season from 36-50%.
The most dominant density of this group
belongs to Cossura longocirrata (64% of total
group density); the remaining 26 species
account for only 0.2-7.3%.

Group 3 includes a collection of 62
benthic taxa of the reference station (except
Xr.2 in the June 2019 survey) with a similarity
level of 45%. There was a little change in
species composition between the rainy and dry
seasons (ranging from 45-50%). Cirriformia
sp. accounted for the highest density (25.9%),
and the remaining species accounted for 0.1-
12.2%.

Thus, there was a difference in the structure
of benthic fauna between the cage culture area
and the non-cage culture area. Group 3 had
only a similarity of about 24% to groups 1 and
2. Moreover, the two stations in the cage
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culture area also had different species stations had dominant species, but the
compositions (only 27% of similarity). Both composition and density were different.

Table 3. Density (ind./m?) of macrobenthic community in Xuan Dai bay

Station Po. Cr. Ec. Mo. Total
X1.2 230 0 0 0 230
X1.3 160 0 0 0 160
X1.4 485 20 0 25 530
X1.5 720 110 0 5 835
X1.6 510 5 0 15 530
X1.7 225 0 0 10 235

Mean X1 388 23 0 9 420
SD 218.2 43.6 0.0 9.7 258.6
X2.2 200 0 0 5 205
X2.3 155 5 0 10 170
X2.4 700 0 0 0 700
X2.5 525 10 0 10 545
X2.6 270 0 0 0 270
X2.7 1,235 15 0 0 1,250

Mean X2 514 5 0 4 523

SD X2 410.3 6.3 0,0 4,9 412.3
Xr.2 360 10 0 15 385
Xr.3 500 35 55 40 630
Xr.4 305 15 5 5 330
Xr.5 840 95 0 15 950
Xr.6 690 60 5 0 755
Xr.7 1,045 40 10 25 1,120

Mean Xr 623 43 13 17 695

SD Xr 288.1 31.4 21.2 14.4 310.7

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity
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Figure 2. Bray-Curtis similarity analysis of macrobenthic community at study stations

The results of species richness, diversity, community in the Xuan Dai bay are shown in
and evenness indices of the macrobenthic Table 4.
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Table 4. Species richness, diversity, and evenness indices
of the macrobenthic community in the Xuan Dai bay

Month Survey code Station X1 Station X2 Station Xr
D J D J H' D J H'
Jun. 2019 2 157 | 062 | 1.20 | 1.88 | 0.67 | 1.39 | 529 | 0.77 | 2.43
Aug. 2019 3 260 | 087 | 201 | 255 | 094 | 217 | 6.82 | 0.84 | 2.98
Nov. 2019 4 343 | 081 | 230 | 1.62 | 0.40 | 0.88 | 4.06 | 0.78 | 2.25
Jan. 2020 5 234 | 064 | 165 | 3.41 | 056 | 158 | 515 | 0.77 | 2.55
Mar. 2020 6 236 | 059 | 148 | 150 | 049 | 0.94 | 478 | 0.78 | 251
May 2020 7 312 | 093 | 239 | 217 | 048 | 1.22 | 591 | 0.75 | 2.64
Mean 257 | 075 | 1.84 | 2119 | 059 | 1.36 | 534 | 0.78 | 2.56
SD 0.65 | 015 | 047 | 0.71 | 0.20 | 0.48 | 0.95 | 0.03 | 0.24

The species richness index (D) values
varied from 150 (X2.6) to 6.82 (Xr.3).
Generally, the D values were higher, an
average of 5.34 (x0.95), at the reference
station Xr than at the two stations in the
culture area X1 and X2, with the averages of
2.57 (+0.65) and 2.19 (0.71), respectively.
This result was consistent with the study of
Habib et al., (2020) [32] that the highest D
value was obtained in the non-cage culture
area. The two-way ANOVA showed species
richness index was significantly different
between stations (p = 0.00), but it was not
significant between seasons (p = 0.90) and
station*season interaction (p = 0.19).

The diversity index (H’) ranged between
0.88 (X2.4) and 2.98 (Xr.3). The average value
of H’ was highest at the reference station Xr
(2.56 £ 0.24) and lowest at station X2 (1.36 +
0.48), with a significant difference between
stations (p = 0.003). The difference between
survey seasons and station*season interaction
was not statistically significant (p = 0.73 and
p = 0.67, respectively). According to Habib et
al, (2020) [32] in the study on the
macrobenthic community around fish cage
culture in Bangladesh pointed out the range of
H’ value from 1.34 (in cage culture site) to
2.10 (in non-cage culture site), the present
study has the same conclusion.

Table 5. The contribution of species at survey stations

Station Species Contribution (%) Cumulation (%)
Ceratonereis sp. 27.57 27.57
Sigambra sp. 18.36 45.93

X1 Prionospio cirrifera 12.17 58.10
Oxydromus angustifrons 9.28 67.38
Poecilochaetus paratropicus 9.16 76.54
Cossura longocirrata 43.52 43.52
Sigambra sp. 15.38 58.89

X2 Prionospio komaeti 8.57 67.47
Polydora sp. 6.89 74.36
Prionospio cirrifera 6.63 80.99
Cirriformia sp. 17.33 17.33
Sigambra sp. 14.98 32.31

Xr Cossura longocirrata 8.40 40.71
Linopherus sp. 8.15 48.86
Orbinia vietnamensis 6.71 55.56

For the evenness index (J), the lowest dominant species Cossura longocirrata

average value was recorded at station X2
(J = 0.59 £ 0.20) since the presence of two

(contributed 43.52%) and Sigambra sp.
(contributed 15.38%) led to an imbalance in the
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macrobenthic community (Table 5). The
dominant species were also different between
two cage culture stations, Ceratonereis sp. and
Sigambra sp. (contributed 27.57 and 18.36%),
dominated at station X1. The highest value of
the evenness index was estimated at the
reference station Xr (J = 0.78 £ 0.03), revealing
the most balanced macrobenthic community.
This result also shows the same opinion as [32].
Nevertheless, the difference was not
statistically significant between stations (p =
0.07), season (p = 0.38) and station*season
interaction (p = 0.65).

CONCLUSION

The present study demonstrates the
differences in  macrobenthic community
between the survey stations: stations in the cage
culture area (X1, X2) and the reference station
(Xr) in the non-cage culture area of Xuan Dai
bay. The number of macrobenthic taxa and
their density in the reference station (Xr) is
higher than in stations X1 and X2. The
Shannon-Wiener diversity index (H"), the
Pielou’s Evenness Index (J), and Margalef’s
species richness index (D) are examined for all
stations. The macrobenthic community in the
reference station has the highest H', D, and J
values compared to stations X1 and X2.
Capitella capitata, the benthic organism used
as an indicator for organic pollution, was only
recorded in the cage culture area at both
stations. Furthermore, some dominant species
appeared in the culture stations, such as
Cossura longocirrata (contributed 43.52% in
station X1) and Ceratonereis sp. (contributed
27.57% in station X2). These species are
opportunistic species that can adapt to
disturbed environmental conditions.

Further studies on the macrobenthic
community dynamic with ecological criteria
could support establishing a set of biological
indicators to monitor the environmental quality
of the coastal aquaculture area.
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