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Abstract Rice—crab cocropping refers to a new type of ecological aquaculture technology
that involves raising crabs (Eriocheir sinensis H. Milne Edwards) in rice fields. To investi-
gate whether crabs affect the community of spiders in the rice fields, we surveyed the species
composition of spiders in two types of rice production fields—a rice—crab cocropping paddy
and a conventional paddy—over two growing seasons. The fields were representative of the rice
fields in Panjin City, Liaoning Province, China. We collected a total of 3,406 spiders representing
27 genera and 10 families over the duration of the study. The number of spiders in rice—crab
cocropping paddy fields was significantly higher than in conventional paddy fields, but there
was no significant difference in the types of spiders in the two types of paddy fields. An
analysis of spider community diversity using Simpson’s index, Shannon—Wiener diversity index,
Pielou’s index, and Margalef's index revealed no significant differences between the rice—crab
cocropping paddy and the conventional paddy throughout the survey period. The evenness
index and the richness index exhibited a positive relationship, whereas the dominance index
showed a negative relationship. The dominant species in the two cropping systems was Pirata
subpiraticus Boes. et Str. (Araneae, Lycosidae). Overall, we found no impact of cocropping
with crabs on the composition and characteristics of the spider community.
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Rice—crab cocropping is an innovative approach that involves planting and breeding
simultaneously in paddy fields and has been encouraged in advancing eco-friendly
agricultural initiatives. The rice field setting is a suitable home for various economically
valuable species like crabs, fish, shrimp, ducks, and more (Fernando 1993, Halwart
2006). Various regions have developed distinct methods of growing rice on the basis
of their climate and production features. In the southern regions of China, eco-agriculture
in rice fields primarily involves raising ducks, fish, and shrimp alongside rice cultiva-
tion. On the other hand, in the northern regions of China, the main eco-agricultural
practice in rice paddy fields is the cocropping of rice with crabs. The practice of culti-
vating these economically valuable species alongside rice in flooded fields has been
a longstanding tradition in various rice-producing regions, including Panjin City in
Liaoning Province, as documented by Michael and Klaus (2005) and David et al.
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(1996). In Panjin City, the common rice—crab cocropping model involves the cultivation
of rice and crabs (Eriocheir sinensis H. Milne Edwards), which has shown significant
progress in the past decade through the combination of crab farming techniques and
rice cultivation methods (Ma et al. 2019, Xu et al. 2014). The practice of cocropping
rice with crabs can efficiently provide yields of E. sinensis and provide substantial
economic advantages for rice farmers in the area (Chen et al. 2001, Fei and Zeng 2002).

At present, research on the cocultivation of rice and crabs primarily focuses on
boosting the crab population; controlling pests, diseases, and weeds in rice—crab
ecosystems; and improving rice production. There is limited research on arthropods
in the rice—crab cocropping system in Asian countries, as noted by Ahmed and Gar-
nett (2011), Radheyshyam et al. (2013), and Shams (2007). Spiders are among the
most common predatory arthropods in agricultural environments, as noted by several
studies (Nyffeler and Benz 1987, Nyffeler and Sunderland 2003, Pearce and Zalucki
2006, Riechert and Lockley 1984), are abundant in rice fields, and are the second
most numerous group after insects (Shi et al. 2012). Spiders are one of the most
important natural enemies of rice pests and play a crucial role in reducing pest numbers
because of their abundance and high predatory potential (Tahir and Abida 2009).
This study sought to identify the types and numbers of spiders present in rice—crab
cocropping paddy fields compared with conventional paddy fields. It also examined
the community traits of spiders in both production systems.

Materials and Methods

Survey area. Surveys were conducted in Tangjia Town, Panjin Municipality,
Liaoning Province, from June to October in both 2022 and 2023, within the geographic
coordinates of N 40°39'—41°27’, E 121°25'—122°31'. The rice used for this study was
Yangfeng47, which was transplanted in late May and harvested in early October. In
conventional paddy fields, 30 kg of mixed fertilizer was applied per 0.0667 ha when
harrowing the land. Butachlor and pyrazosulfuron were applied in traditional rice
paddies to control Echinochloa crus-galli P. Beauv by applying them 5-7 d before
transplanting rice seedlings. Thiamethoxam was applied in mid-June to control leaf
miners and Lissorhoptrus oryzophilus (Kuschel). Sheath blight was controlled by
applications of validamycin in early July.

Chilo suppressalis (Walker) was controlled by chlorantraniliprole applied in
mid-July. Rice blast was controlled by pyraclostrobin applied once at the booting
stage and heading stage, respectively. Rice planthoppers and aphids were controlled
with pymetrozine.

The same rice and fertilizers were used in the rice—crab fields. Juvenile Chinese
mitten crabs (Er. sinensis) were introduced into rice—crab cocropping paddy fields
on 1 June of each growing season, and they were harvested on 30 September. The
density of crabs released was 600-800/0.0667 ha. Before transplanting rice seedlings,
we used butachlor for weeding and did not use any herbicides thereafter. Applications
of azoxystrobin and propiconazole were used to control rice blast and sheath blight
in the rice.

Study design. Six rice fields were chosen for the study, each covering an area
of 0.1 ha. Of these, three fields were rice—crab fields and three were traditional rice
production fields. Each paddy field was surrounded by a 50-cm dammed ridge.
Rice was planted using a mechanical transplanting method, with plants placed 18 cm
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apart within rows and 30 cm apart between adjacent rows. Sampling points were
arranged in a X pattern within each field. Four of the survey points (forming the outer
points of the X) were placed 5 m from each edge of the field, two of which were in the
same row six rows in from the sampling area margins and 15 m from each other. The
fifth survey point was in the center of the field. For each sample, three rice plants
were collected at each of the survey points, with a total of 45 rice plants collected
from each of the two types of cropping systems.

Samples. The sampling method was based on a beat bucket method described
by Knutson and Wilson (1999). We used a white plastic bucket, 30-cm diameter X
20 cm deep, to improve the efficiency of spider collection from the rice plants. The
rice plants collected at each sample point were manually beat against the inner
sides of the bucket, and collected spiders were placed in 75% ethanol and transported
to the lab for eventual identification. Spider egg sacs were not included in the counts
or identifications.

Sampling was conducted twice a month, on the 15th and 30th, from 15 June to
15 October each growing season. In all, 18 surveys were conducted over the duration
of the study in 2022 and 2023.

Species classification and ecological traits. Fully developed adult and easily
recognizable young specimens were identified to the species using the taxonomic
keys of Heimer and Nentwig (1991) and Nentwig et al. (2019). The nomenclature
followed the latest version of the World Spider Catalog (2019). Species that could
not be identified were forwarded to Liaoning Academy of Agricultural Sciences for
further identification.

Statistical analysis. All data for 2022 and 2023 were evaluated separately.
The community diversity analysis was evaluated using Simpson’s index (D), Shannon—
Wiener index (H'), Pielou’s index (J), and Margalef’s index (Do) These indices were
calculated with the aid of Excel 2019. The specific formulae (Hurlbert 1971, Magurran
1989) were:

(1) Simpson’s index (D) was used for dominance analysis, with D = 3(Pi) =
S(ni/N)2. Note: n; is the ratio of the number of the ith species to the total
number of individuals; N is the total number of individuals of all species.

(2) Shannon—Wiener diversity index (H') was used for species diversity analysis, with
H'= —xi_yP;InP;, P;= 3. Note:n;is the ratio of the number of the ith spe-
cies to the total number of individuals; N is the total number of individuals
of all species, and S is the number of species.

(3) Pielou’s index (J) was used for evenness analysis, with J = H'/Hpax. Note: Hiax =
InS (S is the total number of species in the community), H’ is Shannon—-Wiener
index, and J is evenness index.

(4) Margalef’s index (Dwa) Was used for species richness analysis, with Dy, =
(S — 1)/InN. Note: S is the number of species and N is the total number of
individuals of all species.

Analysis of variance was performed using SPSS 26.0. An independent-samples
t test was conducted to examine the differences in spider populations between the
rice—crab cocropping paddy and the conventional paddy. Additionally, Duncan’s new
complex polarity method was used to assess variations in the number of different spider
species found in these two types of fields.
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A species was considered dominant when its population size (N) was >10% of
the total spider assemblage, abundant when N was 5-10%, common when N was
1-5%, and rare when N was <1%.

Results

Spider assemblages. Our survey collected a combined total of 3,406 spiders
representing 10 families and 27 species within two distinct categories of rice fields
for the duration of this study. Of those, 1,917 spiders were collected from rice—crab
cocropping paddy fields; 1,489 spiders were collected from the conventional paddy
fields. The number of spiders in the rice—crab cocropping paddies was significantly
greater than the number collected from the conventional paddies (2022: t = 3.401,
P < 0.001;2023: t =2.210, P < 0.028).

In both 2022 and 2023, the populations of Lycosidae, Linyphiidae, and Tetragna-
thidae spider families accounted for over 10% of the total number of spiders in both
types of rice fields. The dominant spider species identified in rice—crab cocropping
paddy fields and traditional paddy fields was Pirata subpiraticus. Conversely, Hyly-
phantes graminicola Sundevall was abundant in rice—crab cocropping paddy fields
but was the predominant species in conventional paddy fields. In rice—crab cocrop-
ping paddy fields, there were four dominant and abundant species in 2022 and six in
2023, whereas in conventional paddy fields there were three such species in both
2022 and 2023. The variations in spider species counts are detailed in Table 1.

The pattern of fluctuation of spider species in rice—crab cocropping paddy fields
over time was found to be similar to that observed in traditional paddy fields, exhibiting
comparable trends (Fig. 1). The lowest number of species observed was between
four and five on 15 June, whereas the greatest number of species (ranging from 25 to
27) was recorded from 30 July to 15 September for both cropping systems in 2022
and 2023, with no statistically significant differences observed between the systems.

Characteristics of spider community diversity. The Shannon—-Wiener index
for rice—crab cocropping paddy fields and traditional paddy fields was similar in
2022 and 20283. Initially, the lowest values recorded were 1.4708 (2022) and 1.4648
(2023) for rice—crab cocropping paddy fields, and 1.2149 (2022) and 1.5596 (2023)
for conventional paddy fields. Afterward, this index remained within the range of
2.0-3.0 from the end of June until the last sampling of each season, revealing a
high abundance of spider species in 2022 and 2023. However, the index was low
in early June, indicating that the spider community reconstruction was not com-
plete at that time and diversity was low. The Shannon-Wiener indices between
rice—crab cocropping paddy fields and conventional paddy fields did not differ
significantly (Fig. 2).

Simpon’s index of the two cropping systems differed from the Shannon—Wiener
index, which yielded values of 0.2600 (2022) and 0.2593 (2023) in the rice—
crab cocropping paddy fields and 0.3333 (2022) and 0.2188 (2023) in conven-
tional paddy fields at the beginning of the surveys. Later, the values remained
at about 0.1. There was no significant difference in Simpson’s index between
rice—crab cocropping paddy fields and conventional paddy fields for 2 yr, thus
indicating that the dominance of spiders was not obvious in either rice—crab
cocropping paddy fields or conventional paddy fields from the end of rice tillering until
rice harvest (Fig. 3).
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Fig. 1. Trends in the number of spider species over time in rice—crab cocrop-
ping paddy fields and conventional paddy fields.

Pielou’s index (Fig. 4) indicates how individual numbers of different species are
distributed within a community or habitat. It indirectly highlighted the significance
of the dominant species in the spider community. The index was high for both types
of rice fields in 2022 and 2023 and remained within the range of 0.82—0.95 for rice—
crab cocropping paddy fields and 0.81-0.97 for conventional paddy fields through-
out the entire year. Overall, the trend of Pielou’s index changed gradually, indicating
that there was not a high dominance of different spider species in both rice—crab
cocropping paddy fields and traditional paddy fields.
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Fig. 2. Variation of the Shannon-Wiener index (H’) over time in rice—crab
cocropping paddy fields and conventional paddy fields.
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Fig. 3. Variation of Simpson’s index (D) over time in rice—crab cocropping
paddy fields and conventional paddy fields.

The trend of variation in Margalef’s index generally aligned with the Shannon—
Wiener index. However, there were some differences between the rice—crab cocrop-
ping paddy fields and conventional paddy fields in 2022. The key distinction was
that Margerlef’s index in rice—crab cocropping paddy fields was notably greater than
in traditional paddy fields on 15 October. There also were variations in the index
for the years 2022 and 2023. On 15 October 2022, the paddy fields where rice
and crabs were cocropped had a Margalef’s index value of 5.3857, which was
the highest recorded. Similarly, on 30 July 2023, the same fields had the highest
value of 5.8135. In general, there was a high number of spider species present
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Fig. 4. Variation of Pielou’s index (J) over time in rice—crab cocropping paddy
fields and conventional paddy fields.
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Fig. 5. Variation of Margerlef’s index (Dy,) over time in rice—crab cocropping
paddy fields and conventional paddy fields.

in both types of rice fields from 15 July until the time of the rice harvest each
season (Fig. 5).

The Shannon—Wiener index fluctuated over time, indicating the general trend of
changes in community diversity from when the spider population entered the paddy
field to the rice being harvested. With the rise in diversity, there was a corresponding
increase in evenness and richness levels, leading to a decrease in the Simpson’s
index, suggesting that the dominant species held less significance within the commu-
nity. This indicates that there is a specific relationship between the factors. Pielou’s
index and Margalef’s index showed a general positive relationship with the Shannon—
Wiener index, whereas the Simpson index exhibited a notable negative correlation with
the Shannon—Wiener index.

Discussion

As a new cultivation model, rice—crab cocultivation offers greater advantages than
the conventional rice cultivation model in terms of economic, social, and ecological
benefits (Xu et al. 2014). Rice—crab cocropping patterns are mainly concentrated in the
northern coastal areas of China. According to statistics from 2006, the production of
crab species in Liaoning Province reached 19,020 tons, ranking first in China (Wang
2008). Previous research has primarily focused on weed management, disease con-
trol, safe pesticide use, stocking density of mitten crabs, and the impact of rice cultiva-
tion methods on both rice and mitten crabs within the rice—crab cocropping system.
Studies by Gong et al. (2010), Lv et al. (2011), Xu et al. (2014), Yan et al. (2008), and
Yu et al. (2011, 2013) have explored these aspects. The diversity of spider popula-
tions in the cocropping system of rice and crabs has not been studied or reported.

Our study reveals that there were many spider species present in both rice—
crab cocropping paddy fields and conventional paddy fields, with a notably higher
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number of spiders found in the rice—crab cocropping paddy fields. Of the 3,406 spi-
der specimens collected, the greatest number belonged to the families Lycosidae,
Linyphiidae, and Tetragnathidae. There were more spiders in the rice—crab cocrop-
ping paddy fields area compared with conventional paddy fields, with both areas
being dominated by the P. subpiraticus species. This differs slightly from the find-
ings of the study conducted by Wang et al. (2015) on spider-dominant species in the
Panijin rice region.

We found a slight variation in the number of spider species found in the two
types of rice fields. In rice—crab cocropping paddy fields, the percentage of H. gra-
minicola was 9.15% in 2022 and 9.64% in 2023, both below 10%. In contrast, the
proportion of H. graminicola in traditional paddy fields was 12.55% in 2022 and
11.76% in 2023. The typical percentage of H. graminicola remained at 10.85% in
2022 and 10.70% in 2023, indicating that it can be considered a prevalent species.

The examination of the spider diversity index revealed that the diversity of the
spider community was slightly reduced in early June but remained consistently high in
other periods. The evenness index and the richness index exhibited a positive rela-
tionship, whereas the dominance index showed a negative relationship. The diversity
index of rice—crab fields exhibited a similar trend to that of conventional fields. Xu
et al. (2018) found no significant differences in spider community diversity, evenness,
and dominance between rice fields where pesticides were used and those where they
were not applied in 2018, reflecting the results of the present study.

Research has indicated that the ongoing application of chemicals on traditional
farms decreases the population of pests and their natural predators, hinders the
process of ecosystem recovery, and ultimately results in a decrease in biodiversity.
This, in turn, restricts the effectiveness of natural predators in managing pest popu-
lations. Since no chemical substances are used in rice—crab fields, the amount of
plant and animal life in these fields is greater compared with traditional fields, even
though mitten crabs consume some pests and natural predators. River crabs in
rice fields help control weeds and insects by feeding on insects, grass, and digging
soil. These phenomena promote rice growth to a certain extent.

Our findings identified the types and quantities of spiders present in the rice—crab
field to determine the composition of the spider community and serve as a basis for
further research. By raising mitten crabs in the rice field and reducing the use of pes-
ticides, the diversity of the ecosystem in the rice field was altered. The relationship
between mitten crabs and herbivorous, predatory, and neutral arthropods in rice
fields remains not fully understood. Additional research is needed on the hunting
abilities of various spider species, pest management in rice fields, and the ecological
role of spiders.
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