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Rivers near the natural breeding caves of Andrias davidianus in Chinese Giant
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Salamander National Natural Reserve, Zhangjiajie, Hunan
1. Luozita; 2. Wumuyu; 3-4.Yuanzi; 5. Qiyanquan; 6. Bamaoxi; a, water outlet of caves; b, water inlet of caves.
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Tab. 1 Characteristic of sampling sites
coordinate /%
number sampling site E shade sediment type river
S1 * Luozita® 110°26'23.748"  28°55'27.432" 60 gravel Yuanshui
S2 ® Luozita® 110°2621.072"  28°55'35.898" 60 gravel Yuanshui
S3 * Wumuyu® 110°19'43.220"  28°57'07.200" 85 +  gravel and sand Yuanshui
S4 *Yuanzi® 109°57"25.062" 29°19'07.80" 70 pebble Lishui
S5 * Yuanzi® 109°57'18.084" 29°19'1.086" 70 pebble Lishui
S6 *Qiyanquan® 109°54'45.360"  29°42'54.936" 90 pebble Lishui
S7 * Bamaoxi® 110°02'18.468"  29°39'48.756" 65 +  pebble and sand Lishui
:a, ;b .
Note: a, water outlet of caves; b, water inlet of caves.
1.2 ; S ; P i
(40 , 0.09 m’)
: 3 kn=A( IR )
; , M
, 10 cm, H( L )<B( ).
40 , 70% n )= )*C( VR(
s Morse ) ,
[12-16] ,
33.0 g,
1.3 550 10%~100%""7,
[21] ,
; 6 1 1 km
pH - SevenGoTMprSG2 , 1.5
Garmin60 CSX GPS ) Shannon-Wiener Hilsenhoff
LSH10-1A , (BI)
8 s
: DO BOD; COD Blzgai”i/N
> , N i s a; i
[17] N -,
(GB 3838-
2002) ¥
1.4
Shannon-Wiener Simpson’s Shannon-Wiener >3( ), 2~3 ( ),
1~2 ( ), 0~1 ( ); BI =0~3.5 (
e —ZS:(E)(logz P).D =1—ZS:(P,-)2, Richness = § ), 3.51~4.50 ( ), 4.51~5.50 ( ),
= P 5.51~6.50 ( ), 6.51~7.50 ( ), 7.51~8.5
, H Shannon-Wiener ; D ( ), 8.51~10.0 ( )
[22-24]

Simpson’s ; Richness
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Fig. 2 Sampling sites of benthic macroinvertebrate in Chinese Giant Salamander State Reserve, Zhangjiajie, Hunan
S1 water outlet of Luozita caves, S2 water inlet of Luozita caves, S3 water outlet of Wumuyu caves, S4 water outlet of Yuanzi caves,
S5 water inlet of Yuanzi caves, S6 water outlet of Qiyanquan caves, S7 water outlet of Bamaoxi caves.
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Fig. 10 Composition of functional feeding groups of macro-
invertebrate in sampling sites in Jan. 2014
FC: Filters; GC: Gatherer-Collectors; PR: Predators;

Fig. 9 Composition of functional feeding groups of macroin-
vertebrate in sampling sites in Jan. 2013
FC: Filters; GC: Gatherer-Collectors; PR: Predators;

SC: Scrapers; SH: Shredders. SC: Scrapers; SH: Shredders.
F2 BAREEIIINERGERSINHE
Tab. 2 Nutritional carrying capacity of larvae in the river near the natural breeding caves
2013 /ind nutri- 2014 /ind nutritional
tional carrying capacity of larvae carrying capacity of larvae .
. /ind
years of finding .
No. sampling point 10% 100% 10% 100% larvae outflow  duantity of
food utilization food utilization food utilization food utilization (2008-2013) larvae per
rate (10%) rate (100%) rate (10%) rate (100%) year
S1 * Luozita® 320 3200 195 1950 2011-2013 60~182
S3 *Wumuyu® 219 2188 386 3857 2008-2013 17~165
S4 *Yuanzi® 2377 23767 1207 12070 2008-2013 512~1920
S6 *Qiyanquan® 621 6214 5130 51295 2008-2009 52~86
S7 * Bamaoxi® 553 5530 920 9202 2008 62
s a, b, .
Note: a, water outlet of caves; b, water inlet of caves.
(52) (S7)
Shannon-Wiener , Shannon-Wiener
Hilsenhoff (BD) , BI
Shannon-Wiener ,
, Hilsenhoff ,
(BI) b b 2 b
[22-23]
b
Shannon-Wiener (S6)2013 1 2014 1
(S1) (S2) (S7)3 ( 7 )

(S1) (S4  S5)
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Tab.3 Environmental factors of sampling sites
o /C DO CODy, BODs NH;-N TN TP
date number sampling point altitude "ok /(m-sT‘) water tem-  pH (mg'L™"
width  velocity  perature
S1 *Luozita® 342 20 0.013 8.6 791 11.18 1.71 2.1 0.1124 0.6019 0.0135
S2 ® Luozita® 345 87 0.188 7.6 7.88 12.06 2.12 1.46 0.0914 0.516 0.0073
2013 S3 *Wumuyu® 466 7 0.128 11 7.62 9.68 1.73 1.42  0.0695 1.3052 0.0469
1 Jan. S4 *Yuanzi* 365 50 0.223 14.2 746 7.82 234 0.83  0.4288 2.9893 0.0465
2013 S5 ®Yuanzi® 371 20 0.089 14 798 794 1.94 172 0.6295 1.7134 0.0113
S6 *Qiyanquan® 488 81 0.289 10.2 7.81 833 147 0.15 0.8225 1.1333 0.0071
S7 * Bamaoxi® 344 55 0.015 11.6 8.02 9.83 147 0.37 0.0833 0.7022 0.0086
S1 *Luozita® 342 20 0.012 13 747 979 192 2.93 0.2224 1.6762 0.062
2014 S3 *Wumuyu® 466 7 0.167 13.6 7.74 9.8 1.53 2.51 0.0641 1.3641 0.0374
1 Jan. S4 *Yuanzi® 365 50 0.231 14.9 8.19 9.54 1.44 0.63 0.2982 1.5072 0.0389
2014 S6 “Qiyanquan’ 488 81 0.322 124 797 1085 192 282 04663 0.8484 0.0152
S7 * Bamaoxi® 344 55 0.021 11.7 7.82 11.18 0.18 1.88 0.0848 0.7144 0.0929
s a, b, .
Note: a, water outlet of caves; b, water inlet of caves.
F 4 RESREBELTEENDEYRERKEIFEMN
Tab. 4 Biotic index and bioassessment of water quality of sampling sites
Shannon-Wiener index BI bioassessment
date number sampling point value evaluation value evaluation
s1 *Luozita® 2.47 SP 2.35 EC
s2 ® Luozita® 2.74 SP 3.05 EC
S3 * Wumuyu® 3.61 ¢ 1.67 EC
2(}1;1. 20113 S4 *Yuanzi® 3.88 C 3.72 vC
S5 ® Yuanzi® 3.79 3.47 EC
S6 *Qiyanquan® 4.17 C 3.03 EC
7 * Bamaoxi® 2.82 SP 2.58 EC
Sl * Luozita® 2.72 SP 2.91 EC
S3 * Wumuyu® 3.70 C 2.84 EC
2(}1;1. 20114 S4 *Yuanzi® 2.78 C 4.93 C
S6 *Qiyanquan® 4.10 C 3.43 EC
S7 * Bamaoxi® 3.62 C 4.64 C
T a, ; b, ; SP, ; C, ; VG, ; EC,

Note: a, water outlet of caves; b, water inlet of caves; SP, slightly polluted; C, clean; VC, very clean; EC, extremely clean.

Simpson

(S1)

(S1)

Shannon-Wiener

[27]
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Macroinvertebrate community structure in rivers near natural An-
drias davidianus breeding caves in Zhangjiajie City during winter
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Abstract: The Chinese giant salamander (Andrias davidianus) is an endangered amphibian in China and the largest
salamander in the world. 4. davidianus is endemic to rocky, fast-running mountain streams and lakes in China.
The wild population is decreasing because of over-hunting and loss of habitat. This endemic species is currently
listed in Annex I of CITES and Class II of the Protected Animals in China. Previous studies have reported that this
species is carnivorous, and the larvae prey mainly on small aquatic animals, such as shrimp and aquatic insects,
whereas adults prey on fish, frogs, and crabs. Macroinvertebrates are important groups in stream and river eco-
systems. As most macroinvertebrates have a stationary life mode or a limited migration distance, the species and
their numbers are important to access the environmental quality of a habitat. Thus, macroinvertebrate data are
commonly used as water quality bioindicators. Field investigations were conducted during January 2013 and 2014
in five natural breeding caves (seven sampling sites) located in the Hunan Zhangjiajie Chinese Giant Salamander
State Reserve. The objective was to use macroinvertebrates to assess the health of the A. davidianus habitat. A
total of 117 macroinvertebrate taxa were identified in five phyla, eight classes, 16 orders, and 59 families during
January 2013. Of them, 107 were aquatic insects, three were mollusks, two were crustaceans, and one each was
Hirudinea, Turbellaria, and Nematoda. A mean of 27 macroinvertebrate taxa were collected over the 2 years of
sampling. The maximum and minimum numbers collected were 33 and 15 in the water outlet of Qiyanquan Cave
(S6) and the water outlet of Luozita Cave (S1), respectively. The density of macroinvertebrates ranged from 872.2
to 3511.1 ind/m? (average, 1747.6 ind/m”). Aquatic insects were the dominant group, and their relative abundance
was 97.05%. Baetis sp., Choroterpes sp., Hydropsyche sp., Serratella sp., Heptagenia sp., and Antocha sp. were
the most dominant taxa, and their relative abundances were 32.27%, 9.15%, 7.13%, 6.61%, 6.52%, and 5.45% of
total density, respectively. The water quality bioassessment based on the Shannon-Wiener diversity and biotic in-
dex(BI) showed that S1, the water outlet of Wumuyu Cave (S3), and S6 had very good water quality, and that S1
and the water outlet of Bamaoxi Cave (S7) were slightly polluted. The dominant functional feeding groups were
collectors-gatherers and predators, and all sites except S1 showed a K-dominant macroinvertebrate curve. The
macroinvertebrate population had been barely disturbed by humans compared with other sites. In conclusion,
higher levels of macroinvertebrate biodiversity were found in most rivers near natural breeding caves during the
larval outflow period in Zhangjiajie City, but food shortages were a risk for larvae in some rivers near natural
breeding caves. These results suggest that the karst caves and macroinvertebrates should be protected.
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