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Patterns of macroinvertebrate communities and their driving factors in streams of Guangdong Liannan Giant Salamander
Provincial Nature Reserve. WANG Chong-ruil, LIN Ze-hua’, GAO Fengl, YANG Xin!, ZHOU Zhi-en’, TANG Jian-hua’>, OU
Dong-sheng'* (1.Hunan Fisheries Science Institute, Changsha 410153, China; 2.Administration of Guangdong Liannan Dani Provincial
Nature Reserve, Liannan 513300, China). China Environmental Science, 2025,45(9): 5152~5162

Abstract: To assess the habitat quality of wild Chinese giant salamanders (Andrias davidianus) and promote the conservation of their
conservation, a survey on the community structure and driving factors of macroinvertebrates was conducted in May 2023 in the
Guangdong Liannan Giant Salamander Provincial Nature Reserve. The results indicated that streams in the reserve maintained a high
level of benthic macroinvertebrate biodiversity, with 180 species, belonging to six phyla, seven classes, 16orders, 71 families, and
167 genera recorded across 32 sampling sites. Among them, aquatic insects accounted for 94.6% (172species) of the total species
richness. The dominant species included Cheumatopsyche sp. (12.1%), Hydropsyche sp. (11.6%), Togoperla sp. (6.7%), Baetis sp.
(6.0%), and Stenopsyche sp. (5.5%), which all belong to the orders Ephemeroptera, Plecoptera, and Trichoptera (EPT). A comparison
of sampling sites in three regions—Wankeng River, Sanjiachong River (upstream, located in the core area), and Paiduhou River
(downstream, in the experimental area)—revealed no significant differences in benthic invertebrate species richness, density,
Simpson index, Shannon index, and Pielou’s evenness index. The community composition was also similar across the three regions,
with EPT and Diptera (sensitive taxa) being the dominant groups. The nMDS ordination plot showed substantial overlap among the
three regions. Redundancy analysis (RDA) indicated that key environmental factors influencing the benthic community included
altitude, dissolved oxygen, and substrate type, while key spatial factors included 12PCNM variables representing large- (PCNM axes
1, 3, 4, 6~8), medium- (10, 12, 13, 15), and small-scale (23, 28) spatial patterns. Variation partitioning analysis (VPA) showed that
environmental factors alone explained 4.7% of the community variation, spatial factors alone explained 5.0%, and their combined
effect explained 8.4%, indicating that environmental and spatial factors contributed similarly to the variation in benthic communities.

Overall, the stream habitats in both the core and experimental zones of the Liannan giant salamander reserve were in excellent

Yeks HER: 2025-02-20
EEWHE: ) RIEMKITAH BRI X R GL IR AT H 5B (ZHCG2023-101); “BRVLJiddv b U5 5 S 1L i
* THTAEH, WA, njdodx@163.com
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condition, with clean water and high benthic diversity, although the habitat quality in the experimental zone was slightly inferior to

that of the core zone. The high-quality stream habitats and rich benthic biodiversity provide favorable conditions for the survival and

reproduction of the giant salamander. In the future, long-term monitoring and management of the stream ecosystems in the reserve

should be strengthened to continuously improve the habitat quality for wild giant salamanders and provide scientific support for the

stability and recovery of their populations.

Key words: macroinvertebrates; community structure; environmental factors; spatial factors; redundancy analysis
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Fig.1 The sampling sites of macroinvertebrates in Liannan

Giant Salamander Reserve
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HAth 2.94% (d)

W HL K L2 | Ak A% 1 BB 2) KR B, XL
WH 44 FhGH BFELY) 24.4%) BFEEH 37 Fib
(20.6%) H5 4 F 34 Fh(18.9%) U HE H 19 F(10.6%)-
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F1 ERRRERRIPKZRMRESHEHREE) R
REFHER
Table I Physical and chemical characteristics of rivers in the

provincial protection area for andrias davidianus in Liannan

L2 JIgu =K HEE T F_ P
MR (m)  985.11£119.77° 887.37+150.7° 495.7167.19° 70.10 <0.001

B (m)  7.63+4.17 6.4243.23"  16.32+6.37° 21.43 <0.001
W4 (mg/L)  7.89+1.10 7.92+1.07 8.04+1.30  0.07 0.929
KHR(C)  17.59+3.00 18.02+2.8 19.91+£3.36  2.58 0.086
K¥F(@m)  0.20+0.05" 0.18+0.03"  0.23+0.04> 527 0.008
A iR 1 . . b
£ TDS 14.33£1.36"  15.84+1.86°  20.95+3.22° 39.79 <0.001
pH 6.91+0.23" 6.85£0.27"  7.11+0.34" 351 0.038
AR (ng/L)  0.04£0.03 0.04+0.03 0.03£0.02  0.65 0.526
(%) 6.32+4.03" 3424239 2.86+3.23" 559 0.007
Bifi(%)  7.89+4.51° 5.26+2.02°  8.5743.63° 427 0.020
N (%) 14.47+5.24 13.68+5.49  15.71£5.84 0.55 0.580
GIAI(%)  29.21+5.84"  19.74+5.65°  21.43+4.13" 16.48 <0.001
KF(%)  42.11+947" 57.89+ 11.46" 51.43 +11.17° 10.45 <0.001

AR B R AL ) 2 57 .25 (P<0.05).

Hith 4.62%
HEIEE 10.98%

Hith 33.36%
HEIEE 11.76%

B E 9.56%

B2 Wl B o3 M 3 1 KA DR 7 DR I () KR A I A ME S A0 PR ot 2 i, AR T B (b) = S il (o) AT T (d) /K A
R HILHH R

Fig.2 Species composition analysis: (a) the composition of benthic macroinvertebrate in the rivers of the Liannan Giant Salamander

Provincial Nature Reserve, and the composition of arthropods in Rivers Paiduhui (b), Wankeng (c), and Sanjiachong (d)
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S L EWEh Y LB H R R . R
T H RN H SRR B AU RIS A 5 4
ik & 1 Wk (Cheumatopsyche sp., 12.1%) « 40 A1 i
(Hydropsyche sp., 11.6%)~ #&4#H(Togoperla sp., 6.7%)-
VY 15 % (Baetis sp., 6.0%)F £ 411 (Stenopsyche sp.,
5.5%). AT AR A HEFIAL AP S 243 R ARABL,
BETh BRI E AR 2). 05 20 &

TSI (Epeorus sp.)~ A WIEF(Cincticostella

femorata) WFUi(Ephemera sp.)~ BEiEE H (Stenelmis
sp.)~ B KIS (Antocha sp.)~ VALIEFREIL Rheopelopia sp.
SRR — Z R IR A 30 2 2 e T D034 H A3
T E = 4B R G W 3% 75 2 (3R 2).
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N.\E 8004 NTa\zo-
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Fig.3 Comparison of biomass and density between three

reaches of Liannan River

BEAk, nMDS Z0 #1483 B oR, = SR I R U 45
FAAE B A7 AR 5K B, 2 WH LR I 45 M B o A
U 4).

#2 EEABHERRIPRESVEREFEXFERMBHHETEE)RAEDTER
Table 2 Relative abundance of major taxa and the dominant species in the Liannan Giant Salamander Provincial Nature Reserve
B Jidu —ZKm He i F P

2 H 44 Insecta 98.8+1.2 99.4+2.1 98.8+3.1 0.418 0.661

70 H| Ephemeroptera 22.5+£83 252+173 225+9.7 0.289 0.750
T Epeorus sp. 45+39b 4.6 +3.6b 1.1+1.8a 5.502 0.007

JilF Heptagenia sp. 2.1£2.5 3.6£6.8 2.1+3.6 0.675 0.514
PU5HF Baetis sp. 53+56 7.8+11.2 45+6.4 0.750 0.478

Ja A hEE Cincticostella femorata 3.3+2.3b 1.7+ 1.7¢ 0Oa 14.87 <0.001

WE4; Ephemera sp. 0.4+09" 0.7+1.2° 43+3.6" 17.10 <0.001
J"# H Megaloptera 1.7+1.3 21+1.0 3.1+3.0 2513 0.091
#&## H Plecoptera 102+7.3 11.1+8.5 9.6+49 0.194 0.825

Vet Tetropina sp. 1.9+1.8 2.1+3.6 3.7+4.0 1.523 0.228

1445 Togoperla sp. 7.1+5.5 7.6+ 6.0 49+33 1.116 0.336
EMH Trichoptera 37.6+ 144 31.3+14.0 36.3+18.2 0.872 0.424
Ak Stenopsyche sp. 79+7.6 32426 53+£7.7 2.678 0.079
S K SCF Wk Cheumatopsyche sp. 11.9+8.0 9.4+7.0 160+ 17.6 1.428 0.25
LUAk Hydropsyche sp. 13.1+10.3 125+11.7 8.6+ 6.9 0.919 0.406
W H Coleoptera 10.0+ 6.4 129+7.8 10.5+6.6 0.973 0.385
BAZ Y Stenelmis sp. 1.7+2.2a 3.9+3.4b 2.2+ 1.9ab 3.644 0.033

i Odonata 1.7+1.7 1.9+23 3.6+2.9 3.055 0.056

W H Diptera 150+ 13.8 144+11.4 132+7.6 0.102 0.903
WK Antocha sp. 1.3 +2.0b 12+ 1.8b 2.9+2.5a 3.257 0.047
LKA Limonia sp. 0.4+0.7 24+63 03+0.5 1.706 0.192
TSR Rheopelopia sp. 24+27b 1.0+ 1.0a 0.8+0.8a 4.062 0.023

A R R R A 2 7 2 35 (P<0.05).
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Fig.4 nMDS ordination plots of benthic macroinvertebrate

assemblages in the Liannan Giant Salamander Reserve

T3 ZE 5 BT B B IR X = AR IR A B4
(IR E(F = 0.140;P = 0.986). Shannon % FEE(F =
0.018;P=0.982) .  Simpson(F=0.148;P=0.862) Il
Pielou’s 45 [ (F=0.023;P=0.978)%% % FE Ik 35 1
= STMAIESPRTE S (S

K5 ERRIX = 5AR MK AR S 2 FEE R R 22 5
Fig.5 Comparison of diversity indices of benthic
macroinvertebrate communities in three rivers in
Liannan Giant Salamander Reserve
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Fig.6 RDA ordination plots of macroinvertebrate communities with significant environmental variables (a) and spatial factors (b) in

three rivers in Liannan Reserve
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Fig.7 Venn diagram of the variation partitioning analysis of
the community composition of macroinvertebrate in response

to environmental and spatial factors
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