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Abstract

In order to assess effects of Summer Fishing Moratorium (SFM) in Daya Bay,
variations in stock density, fish diversity, fish species composition, fish body
length and weight, and bio-environments during the pre-SFM (May in 2015)
and post-SFM (August in 2015) in Daya Bay were analyzed, based on trawl
survey data. Results showed that the average stock density in the post-SFM
was 5.65 times of that in the pre-SFM, and the average species numbers in the
post-SFM was 1.76 times of that in the pre-SFM. Analysis of fish body length
and weight indicated that fish grew faster during the SFM, and body weight
was more uniform in the post-SFM. In the post-SFM, the Shannon- Wiener
diversity index and Pielou evenness index increased by 0.36 and 0.14, respec-
tively, indicating that the fish biodiversity and community structure im-
proved. SEM alleviated fishing intensity, recovered and conserved coastal fish
resource. In order to improve efficiency and impacts of SFM and to promote
sustainable development of coastal fish resource, prolonging the time of SEM,
reducing the number of coastal fishing boats and enforcing the conservation
of fish resources were suggested.
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1. Introduction

Located in the northern South China Sea (NSCS), Daya Bay is a typical subtrop-

ical drowned-valley bay with numerous islands, zigzag shorelines, superior nat-
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ural environment and rich biological resources. Daya Bay used to be the place
for numerous commercial fishes to spawn, forage and fatten and also an impor-
tant fishery culturing resource base in the NSCS [1] [2] [3] [4] [5]. Over the past
thirty years, the quantity of fish species in Daya Bay has declined; species com-
position has been changing and fishery resources are faced with exhaustion, due
to environmental pollution, over-exploitation and climatic change [6] [7] [8] [9].
In order to restore severely receded offshore fishery resources, the Ministry of
Agriculture of China started to implement Summer Fishing Moratorium (SFM)
in the coasts of SCS since 1999, which has been implemented for 18 years [10].
The effect evaluation of SMF included resource variation, ecological protection,
economic benefit and social influence, et al. [11] [12] [13]. Until now, few re-
search on fish species, resource quantity and diversity during the pre- and post-
SFM in Daya Bay.

Although SFM plays a positive role in mitigating recession of fishery resources
and conserving marine resources, there are problems such as insufficient stock
assessment during the pre- and post-SFM and unable thorough containment re-
source recession, etc [11] [12] [13] [14]. Daya Bay provides an ideal area to as-
sess effects of SFM to coastal fisheries in the NSCS, because of its semi-closed
shape and suitable size [15]. In this study, based on survey data of fishery re-
sources and relevant fisheries statistics, variations of fish resources in Daya Bay
during the pre- and post-SFM and the influence of SEM on coasts of NSCS were
analyzed. Suggestions for the maintenance of offshore fishery resources in the
NSCS were proposed. Results of this work will help better evaluate affections of
SFM and promotion of sustainable utilization and management of offshore fi-

shery resources in the NSCS.

2. Materials and Methods
2.1. Survey Data

Trawl surveys of Daya Bay was conducted according to the set sites during the
pre-(May, 2015) and post-SFM (August, 2015; Figure 1; Table 1). The moni-
toring ship entered the preset site and GPS was used for localization. All moni-
toring and sampling methods were implemented according to National Marine
Monitoring Standard, China [16] [17]. Power of the trawl survey ship was 219.32
kW, total tonnage was 104.98 t, and both head line and foot line of trawl net
were 46 m. Trawl survey was implemented once in each planned sampling site,
with trawl speed 3.0 n mile/h and dragging interval 1 h. Caught samples from all
sites were analyzed and determined on the spot. When the total weight of caught
samples was less than 20 kg, all samples were analyzed and determined. When
the total weight was greater than 20 kg, large individuals and rare species were
picked out firstly, other small and miscellaneous fish samples were randomly
collected. Then analysis and determination for the samples were conducted.
Caught nektons from all sites were identified to species. Weight, tail number,
range of body length and range of weight were determined and recorded, respec-

tively.
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Figure 1. Research area with survey stations.

Table 1. GPS coordinates for the survey stations in Daya bay.

Station Longitude (°E) Latitude (°N)
Al 114.7298 22.7635
A2 114.5764 22.7213
A3 114.7167 22.7003
A4 114.6158 22.6795
A5 114.5516 22.6735
A6 114.7204 22.6125
A7 114.6236 22.6008
A8 114.5740 22.6076
A9 114.5225 22.5776
Al0 114.7608 22.5277
S1 114.6387 22.7351
S2 114.6717 22.6787
S3 114.6730 22.6136
S4 114.6376 22.5296

2.2. Data Analysis

Sweeping area method [18] was used to estimate fishery resource density (D)

with unit being kg-km™ or tail km™, and calculation formula is as below:
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D=—, (1
qa
where Cis catch per unit effort, a is sampling area of netting gear per hour and ¢
is capture rate of netting gear (taken as 0.5).
Shannon-Wiener diversity index (H) [19], Pielou evenness index (/) [20] and
Dominance index (Y) [21] were used to analyze community diversity of fishery

resources:
S
H'=-) p,InP, (2)
i=1
,_ H'
= , (3)
log, S
n.
Y="txf, (4)
N

where N is the total number of catch species from all stations; P, is the ratio of
number of the #th individuals to total number of individuals; n, is the total num-
ber of the ith species; Nis the total number of catch tail from all stations and £is
the appearance frequency in all survey stations. The species is the dominant spe-
cies in the community when its Y"> 0.02.

Different value was defined as the difference of factor values between the pre-
and post-SFM. Difference value of body length is the value obtained by deduct-
ing minimum value from maximum value of fish body length pre- (post-) SFM.
Difference value of weight is the value obtained by deducting minimum value
from maximum value of fish weight pre- (post-) SFM and difference value of
environmental factors is the difference obtained by deducting environmental
factor during the pre-SFM from corresponding environmental factor during the
post-SFM.

3. Results

3.1. Variation of Species Composition and Stock Density in the
Pre- and Post-SFM

Species number of fishery resources during the pre- and post-SFM was 30 and
24, respectively. Total species number in the post-SFM reduced by 20%, species
number of fishes, shrimps, crabs and cephalopods were also smaller than those
in the pre-SFM (Figure 2).

Average stock density of fishery resources were 1142.29 kg-km™ and 1227.32
kg-km™, respectively. Average tail stock density were 142,266.9 tail km™ and
89171.7 tail km™, respectively (Figure 3). Average stock density increased
greatly in the post-SFM, being 5.65 times of that in the pre-SFM; and average tail
stock density increased slightly, being 1.76 times of that in the pre-SFM. Squillid
organisms were not captured during the whole survey period (Figure 3).

3.2. Variations of Fish Body Length and Weight in the Pre- and
Post-SFM

Linear fitting of the relationship between fish body length and weight in the pre-
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Figure 3. Stock density and tail stock density in the pre- and post- SEM in Daya Bay.

and and post-SFM in Daya Bay indicated that range of fish body length was 0 -
175 mm, range of fish weight was 0 - 150 g, and fitted correlation coefficient
between fish body length and weight was 0.50 in the pre-SFM (Figure 4). In the
post SFM, range of fish body length was 0 - 200 mm, range of fish weight was 0 -
175 g, and fitted correlation coefficient between fish body length and weight was
0.58 (Figure 4) which increased by 0.08 when compared with that in the pre-
SEM.

Box-plot distribution analysis of variations of fish body length and weight in
the pre- and post-SFM in Daya Bay was conducted. Results showed that the

main variation range of difference value between maximum body length and
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Figure 4. Relationship between fish body length and weight in
the pre- and post-SFM in Daya Bay.

minimum body length in the pre-SFM was 3 - 35 mm and 50% quantile was 15
mm (Figure 5). Major variation of difference value between maximum fish body
length and minimum fish body length was 0 - 39.5 mm, and 50% quantile was
14.5 mm (Figure 5). Variation of fish body length in the post-SFM was ex-
panded, and overall fish body length was smaller than that in the pre-SFM. In
the pre-SFM, major variation of difference value between maximum fish weight
and minimum fish weight was 1 - 47 g, and 50% quantile was 21.5 g (Figure 5).
In the post-SFM, major variation of difference value was 0 - 34.5 g and 50%
quantile was 4.5 g. Variation amplitude of fish weight in the post-SFM decreased
(Figure 5).

3.3. Variations of Fish Diversity and Dominant Species in the
Pre- and Post-SFM

Fish biodiversity in the pre- and post-SFM in Daya Bay were showed in Figure
6. In the pre-SFM, Shannon-Wiener diversity index (H) and Pielou evenness
index (/) were 2.32 and 0.46, respectively. In the post-SFM, H'and /' were 2.68
and 0.59, respectively.

Catch species in the pre- and post-SFM in Daya Bay were analyzed (Figure 7).
Major catch species were 13 species in the pre-SFM, being Sardinella nymphaea,
Trichiurus haumela, Decapterus maruadsi, Clupanodon punctatus, Loligo du-
vaucelil, Psenopsis anomala, Gastrophysus lunaris, Pampus argenteus, Caranx
kalla, Sardinella aurita, Leiognathus ruconius, Setipinna taty and Thrissa kam-
malensis. Stock density of Sardinella nymphaea was the highest, being 272.75
kg-km™ (Figure 7). 8 dominant species were caught in the post-SFM, being Si-

ganus oramin, Thrissa vitirostris, Gastrophysus lunaris, Sardinella nymphaea,
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Figure 5. Box-plot distribution of fish body length and weight in the pre-
and post-SFM in Daya Bay (Whisker of box-plot indicates the rang of plus
or minus 1.5 times IQR).
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Figure 6. Biodiversity index in the pre- and post-SFM in Daya Bay.

Sardine llajussieu, Decapterus maruadsi, Stolephorus indicus and Trichiu ru-
shaumela. Stock density of Thrissa vitirostris was the highest, being 391.09
kg-km™ (Figure 7). The major catch species in the pre- and post-SFM in Daya
Bay were pelagic fishes, and stock density in the post-SFM increased obviously
(Figure 7).

4. Discussion

4.1. Stock Density Increase in the Post-SFM in Daya Bay

SEM is a significant measure protecting living aquatic resources and promoting
sustainable utilization of fishery resources and this measure plays a positive role
in mitigating the contradiction between insufficient catchability of fishery re-

sources and excessive catching intensity [22]. This research indicated that average
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Figure 7. Stock density of major species in the pre- and post-SFM in Daya Bay.

stock density was 5.65 times of that in the pre-SFM, average tail stock density
was 1.76 times of that in the pre-SFM , and fitted correlation coefficient of fish
body length and weight in the post-SFM increased (Figure 2 and Figure 3), also.
Variation range of stock density doubled. Moreover, stock density of major spe-
cies in the post-SFM was greater than those in the pre-SFM, indicating that fi-
shery resources in the post-SFM increased in quantity (Figure 3). In addition,
fish body weights in the post-SFM were more even, which indicated that juvenile
fishes during SFM obtained favorable growth. SFM period was a spawning peak
season of commercial fishes in Daya Bay [4]. Moratorium system completely re-
stricted fishing gears and catching methods which generated serious harm to ju-
venile fishes and lowered catching intensity so as to provide a stable environ-
ment for growth of spawns and juvenile fishes. Furthermore, compared with the
situation in the pre-SFM, in the post-SFM, water temperature increased and
chlorophyll a concentration in water body increased in Daya Bay (Figure 8),
providing appropriate environment and relatively abundant baits for the growth
of juvenile fishes so that their body lengths and weights continuously increased
and the catch rate in the post-SFM increased obviously (Figure 4). Previous re-
search on SFM in Daya Bay during 2007-2008 indicated that stock density in-
creased in the post-SFM [23], which was consistent with this result. Compared
with the situation in 2007, in 2008, fishery resources in the post-SFM reduced
[23] [24]. This research also indicated that the quantity of fish resources in the
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Figure 8. Difference values of water temperature and chlorophyll a concen-
tration in the pre- and post-SFM in Daya Bay.

post-SFM in 2015 was smaller than those in 2007 and 2008, mainly because
short-term effect of SFM was significant but it’s difficult to consolidate the effect

for a long term.

4.2. Fish Diversity Rise in the Post-SFM in Daya Bay

This study indicated that biodiversity indexes in the post-SFM were higher than
those in the pre-SFM, diversity index H'and Pielou evenness index J increased
by 0.36 and 0.14, respectively (Figure 6). The intensity of human activities on
fish community during SFM reduced to the lowest extent, the fishery communi-
ty structure was improved [11] [24]. Fishery survey in Daya Bay during 2004-
2005 showed that the species number of meso-demersal fishes was the greatest,
followed by pelagic and demersal fishes [25]. The diversity index in summer was
3.82 and the evenness index was 0.65 [25]. Although fishery resources in Daya
Bay recovered slightly and stock size increased in the post-SFM, both diversity
index (A) and evenness index (/) in the post-SFM were lower than those in the
same periods during 2004-2005. Moreover, it’s found that the species number in
the post-SEM was smaller than that in the pre-SFM, with 6 fish species were re-
duced (Figure 2). This was possibly connected with the limited influence by
SFM on recovering biological population structure of commercial fishes in Daya
Bay [22]. SEM provided a certain period for maintenance of fishery resources,
but it also shortened catching season. In the post-SFM, fishing intensity was ag-
gravated, and then effects of SEM on resource conservation disappeared rapidly
in the same year under this high fishing intensity [22] [26]. On the other hand,
over the recent thirty years the fishing intensity in Daya Bay increased conti-
nuously. Besides, rapid development of industry, agriculture especially construc-
tion and operation of large-scale projects such as Daya Bay Nuclear Power Plant
and Petrochemicals brought about enormous pressure to fishery ecological en-

vironment. Therefore, fishery resources in Daya Bay recessed seriously [27] [28].

4.3. Suggestions for Continuous Perfection of SFM System

SFM system has been one of the most substantial protective measures for fishery
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resources so far [26]. Up to 2017, SFM in the South China Sea had been conti-
nuously implemented for 19 years, which basically maintained stability of fishery
resources and stock size, objectively slowed down continuously degraded bio-
logical resources and generated significant ecological, economic and social bene-
fits. However, fishing production in Daya Bay itself has certain limitations, such
as excessive fishing intensity during non-SFM period, recession of coastal fishery
resources and ineffective supervision for fishing power, all of which affect effects
of SFM system [22]. It’s suggested that SFM system should be further perfected
from three aspects as the following.

Prolong SFM period appropriately and execute SFM strictly. Influenced by
global change and increasing human activities, coastal fish spawning period goes
ahead of schedule [11]. Prolongation of SEM contributes to better protection of
spawning populations and juvenile fishes and promotion of sustainable devel-
opment of coastal fishery resources. From the aspect of resource conservation,
the longer the SFM lasts, the better the maintenance effect on fishery resources.
At present, because of ineffective supervision, illegal fishing during SFM is not
eliminated though forbidden, which generates enormous damage to the growth
of juvenile fishes. Therefore, SFM system should be executed strictly through in-
tensify forbidding on illegal fishing behaviors [26], to ensure recovery and
maintenance effects of SFM.

Reduce and control coastal fishing boats and develop deep-sea fishery. Be-
cause of rapid development of ship-making and catching technologies in recent
years, coastal fishing intensity has been seriously excessive [22]. On account of
rapid development of aquatic product market and continuously rising market
price, in the post-SFM, more fishermen have been occupied in fishing activities
so that competition is aggravated and effect of SFM is exhausted within a short
period. In fishery resources management, application and disassembly of ship-
reduction projects should be standardized, fishery licensing system should be
intensified, stipulations about fishermen qualification for fishing should be sup-
plemented and invested capital, revise and formulate feasible fishing boat scrap-
ping system should be examined, etc. [10]. In Daya Bay, controlling fishing
boats, guiding fishermen to develop new fishing grounds towards deep sea were
suggested. Deep sea area beyond continental shelf of the South China Sea re-
serves abundant oceanic cephalopods and tunas, especially Sthenoteuthis ouala-
niensis and Thunnus albacares have development potential [29]. Therefore, we
should guide fishing boats to transfer towards southern deepwater region of the
South China Sea and mobilize development of relevant industries including
processing and trade, which can not only relieve pressure of production and
profession transfer on fishermen, lower nearshore fishing intensity and promote
adjustment of fishing structure but also has potential economic, social and eco-
logical benefits.

Enhance resource conservation and boost ecological restoration. Deployment
of artificial reefs has positive effects for stock enhancement significant conserva-

tion effect on marine organisms [30] [31] [32]. In recent years, researches on ar-
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tificial reefs in Daya Bay, China indicated that species number and quantity of
planktons in reef areas increased, and stock density in the reef area were higher
than those at control stations in the same period, showing that effects of artificial
reefs on resource conservation was prominent [32]. SEM lasts a short period, ef-
fects of artificial reefs on fishery restoration and maintenance and remediation
of marine ecological environment can exist for a long time [33], and therefore,
artificial reefs constitute a favorable supplementation for SFM. In addition, re-
leasing also constitutes one of effective measures of restoring receded fishery re-
sources, optimizing production structure and improving marine ecological en-
vironment [34] [35]. Since the 1990s, releasing during SFM period has been con-
tinuously implemented in Daya Bay, and this obtained favorable effects on im-
proving structure of fishery resources, supplementing quantity of commercial
fishes, etc. [36] [37]. Moreover, May-August is spawning period of most fishes in
Daya Bay, it is appropriate to implement proliferation and releasing of fishes
[35]. Hence, it’s suggested that stock enhancement and releasing should be car-

ried out in appropriate period.

5. Conclusion

A preliminary analysis of variations in stock density, fish body length and weight
and species composition in the pre- and post-SFM in Daya Bay was conducted,
through trawl survey data. Results showed that the stock density, species num-
ber, biodiversity and evenness index increased in the post-SFM indicating that
structure of ecological community improved. Therefore, SFM lowered offshore
catching intensity and had the effect of restoring and conserving fishery re-
sources. Prolonging SFM period, reducing and controlling coastal fishing and
intensifying resource conservation were suggested to be taken in order to better

perfect SEM system and boost sustainable development of coastal fishing.
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