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Diversity of ants along an elevational gradient at Cona section of MLt.

Himalaya
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Conservation Southwest Forestry University Kunming 650224 China)

Abstract: In order to reveal ant diversity law along an elevational gradient of Mt. Himalaya ant
communities of north slope south slope and mountain valley at Cona section were investigated by sample—
plot method. Totally 7 516 individuals were observed and 7 species belonging to 2 subfamily and 5 genera
of Formicidae were recognized. Ant species richness was estimated with the help of EstimateS 9.1.0
software and species accumulation curves were drawn it showed that observed and estimated numbers of
species were very similar. Diversity analysis showed that the sequences of the ant species richness
Shannon-Wiener diversity index and Fisher a index on the 3 vertical zones were: North slope > mountain
valley > south slope the sequence of dominance index was: North slope < mountain valley < south slope
and the sequence of individual densities was: North slope > south slope > mountain valley. With the
increase of the altitude the species numbers individual densities and diversity indices of ant communities

in 3 vertical zones were generally higher on the lower and middle parts of vertical zones and lower on the
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upper part of the vertical zones. The indicators of ant communities commonly expressed “Multi-Domain
Effect” phenomenon. That was to say the species richness and diversity of ants were affected by rainfall
altitude litter quality and land slope have remarkable effect to them. The correlation analysis found that
the diversity index was highly correlated with the herb coverage while the dominance index was
significantly correlated with the shrub coverage. Community similarity analysis showed that vegetation types
and altitude difference played an important role in ant community similarity.

Key words: Formicidae; diversity; vertical zones; Himalaya

Hymenoptera
Apocrita Formicidae 1
. 17 . 1.1
337 | 13684 ( Bolton 2020) . 2018 8
250 m 1 50 m x
N N 50 m 3 18 o
( Hoffmann (91°50717" ~ 92°03"16"E
2010; 2015) 28°49°51" ~29°05°43"N) 3755 m~5016 m
o 6 ; -
- (92°02°16" ~92°03-55"E  28°23°18" ~28°48°40"N)
4010 m ~4 730 m 6 ;
N (91°57°05" ~91°58°34"E 27°46°38" ~
7 000 28°13°01"N) 3596 m~4755 m 6
o 1.
( Forel 1906; Menozzi 1.2
1939; Collingwood 1982; 1982;
Radchenko & Elmes 1999) . 5 I m x
( Bharti & I m 10 m N
Shamma 2009; Bharti et al 2013) . ( 2002) .
( 2015) . (
2016) . ( 2018) .
( 2020) o
( 2011; 2011; 95% 2 mL
2012; 2017) o
N o ( 1995;
2001; 2002)
o 1.3
N EstimateS 9. 1.0
? 2018 8
N + Shannon-Wiener N
Fisher a + Simpson Jaccard

o ( 2002; 2009)



586

Journal of Environmental Entomology

43

1
Table 1 Sample plots situation for ant community survey at Cona section of Mt. Himalaya
(%) Coverage
) (m) Slop Slope Soil Vegetation Canopy (em)
Sites . L . . . .
Altitude direction gradient  types types density  gQprub  Herb Litter Litter thickness
Kafnal Vlll.age' 3755 E 30 Brown soil  Low shrub 0.0 30 85 85 0.5
Naidong district
Jiezong village 4 009 E 25° . Herb 0.0 0 80 80 0.5~1.0
. L Brown soil
Naidong district
Jiangguo village 4 264 NE 25° . Shrub 0.0 15 80 80 0.5~1.0
. . Brown soil
Naidong district
Guomuqian 4 496 E 20° . Herb 0.0 3 80 80 0.5~1.0
. L Brown soil
Naidong district
Baihui village 4749 NE 35 Brown soil Shrub 0.0 40 90 90 0.5~1.0
Naidong distreit
Quzong port 5016 S 20° . Herb 0.0 0 85 85 0.5
Brown soil
Qusum county
Quzong port below 4 730 E 30° . Herb 0.0 0 70 70 0.5
Brown soil
Qusum county
Maruo port 4502 NE 30° . Shrub 0.0 10 80 80 0.5
Brown soil
Qusum county
Xiare village 4 486 NE 30° . Herb 0.0 1 85 85 0.5
Brown soil
Lhiinzé county
Kadang village 4 243 E 30° . Shrub 0.0 10 80 80 0.5~1.0
Yellow soil
Lhiinzé county
Taxin village 4237 E 25° . Herb 0.0 0 70 70 0.5~1.0
Brown soil
Lhiinzé county
Ridang village 4010 E 30° . Herb 0.0 0 80 80 0.5
Brown soil
Lhiinzé county
Dingxu 4755 E 30° . Herb 0.0 0 80 80 0.5
Brown soil

Cona county
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1 Continued table 1
(%) Coverage
Sites ('m) Slop Slope Soil Vegetation Canopy (em)
e Altitude direction gradient  types types density  Spub  Herb Litter Litter thickness
Cona village 4 500 E 35° . Salix cupularis 0.0 15 95 95 0.5~1.0
Brown soil
Cona county shrub
5 km . .
4232 SE 35° . Salix cupularis 0.0 80 95 95 1.0~2.0
5 km Cona county Brown soil
shrub
Langpo village 4028 SW 35° . Salix cupularis 0.0 60 90 90 1.0~2.0
Brown soil
Cona county shrub
22 km 3743 w 25° . Alpine conifer 0.6 60 100 100 2.0~5.0
22 km Cona county Brown soil
forest
Dongzhang waterfall 3 596 E 30° . Alpine conifer 0.8 50 100 100 3.0~8.0
Brown soil
Cona county forest
( Abundance-base Coverage (3) Jaccard
Estimator  ACE) ( Incidence-base g=c/ (a+b-¢) ¢
Coverage Estimator ICE) . Chaol ( for Individual- a b A B .
based Abundance Data) Chao2 ( for Sample-based
Incidence Data) 2
( 2011; Colwell & Elsensohn 2014) .
2.1
: =10.0% 18
A 7 5.0% < < 10.0% 7516 2 .5 L7 ( 1
B o 1.0% < <5.0% ) o 2 L4 3
( 2019) . Pearson (15.35%) . (29.24%)
( ) ( . 1 (12.40%) :
: ) ( . 2 (2.61%)
. : . ) (1.68%) (0.03%)
( 2014) .
(1) Shannon-Wiener
H= -3 PilnPi Pi ! 2.2
2 s ’ 2.2.1
(2) | impson ; ICE
C=3%(Pi)*=3 (Ni/N)* Ni i
N S ( Sobs) . ACE. Chaol

o
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( Do (Sobs 7) o
( ACE 7; ICE 7.37; Chaol 94.98% ~ 100. 00%
7; Chao2 6.94) o
2 N
Table 2 Ant species individual numbers and dominance at Cona section of Mt. Himalaya
() (%)
Subfamily Genus Species Individual number  Percentage Dominance
Aphaenogaster A. tibetana 2 908 38. 69 A
M. rupestris 1154 15.35 A
Myrmicinae Myrmica M. ruzskyana 196 2.61 C
M. nitida 2 0.03 E
Formica F. candida 2 198 29.24 A
Cataglyphis 1 Cataglyphis sp. 1 932 12. 40 A
Formicinae
Camponotus C. siemssent 126 1.68 C
Total - 7516 100 -
ACE  Chaol 3
121 ——Sobs —A- ACE -= Chaol 3
— ICE  -@ Chao2 ( )
5016 m 4 500 m
L4755 m .
i3 3
-
£ (7 ) > (5 ) > (3 )
2 0-4
==
& 4 009 m 4264 m
(4 ) 1 ~4
12345678910 1112 13 14 15 16 17 18
FEHLEL Number of plots 4730 m
o 0~2
1
Fig. 1 Accumulation curves for observed and estimated 4028 m (2 ).
number of ant species at Cona section of Mt. Himalaya 2.2.3
: Sobs ; ACE o
3
( ) ; ICE ( ) , ,
; Chaol. Chao2 Chaol. Chao2 ( 12.3 /m ) > ( 5.4 /m ) >
o Note: Sobs indicated number of species observed, ( 3.5 /mz) o
ACE indicated abundance ( individual) -base coverage 0.0~23.4 /m’
estimator; ICE indicated incidence-base  coverage 4 264 m
estimator; Chaol and Chao2 indicated Chaol and Chao2 (23.4 /m2) 4 749 m (18.8 /mZ)
estimator. )
2.2.2 0.6~6.4 /m’ 4 010 m
v 4243 m 4 502 m 3

N 3 o 0.0~22.6 /m’
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2 o (0.6167) 2 ; Shannon—
2.2.4 Wiener
3 Shannon-Wiener 4243 m (0.8634) 4730 m
(0.9430) > (0.5383) > (0.7926) 2 ;
(0.3031) , Shannon-Wiener
4 009 m 4 028 m o
(10.5545) 4 496 m
3
Table 3 Diversity indexes of ant community at Cona section of Mt. Himalaya
Shannon— Fisher a
Chaol
('m) ACE Wiener
Vegetation Species (mean ( /m’)
Slope Altitude ( mean) ( mean = SD)
types numbers + SD) ID DI
SWI FI
3755 Low shrub 2 2 2 +0.00 5.0 0.3127 0.27 +£0.06 0. 8290
4 009 Herb 4 4 4 +0.00 17.6 0. 5545 0.54 £0.09 0.7389
4 264 Shrub 4 5 4+0.24 23.4 0. 1293 0.53 £0.09 0.9520
4 496 Herb 3 3 3+0.00 9.0 0.6167 0.42 +£0.09 0.6300
North slope
4749 Shrub 2 2 2 +0.00 18.8 0.0979 0.24 +£0.05 0.9609
5016 Herb 0 0 0+0.00 0.0 - 0.00 =0. 00 -
3755 ~5016 - 7 7 7+0.34 12.3 0. 9430 0.84 +0. 10 0.4846
4 730 Herb 3 3 3+0.08 0.6 0.7926 0.56 0. 14 0.5062
4 502 Shrub 1 1 1 +0.00 3.4 0. 0000 0.11 £0.03 1.0000
4 486 Herb 1 1 1+0.00 1.4 0. 0000 0.11 £0.03 1.0000
4243 Shrub 4 4 4+0.48 6.4 0. 8634 0.55+0.10 0.4958
Mountain
valley 4 237 Herb 2 2 2 +0.00 4.2 0. 4965 0.27 +0.06 0.6834
4010 Herb 2 2 2 +0.00 5.2 0. 1403 0.27 £0.07 0.9388
4010 ~4 730 - 5 5 5+0.00 3.5 0.5383 0.58 £0.08 0.7682
4 755 Herb 0 0 0+0.00 0.0 - 0.00 +0. 00 -
4 500 0 0 0+0.00 0.0 - 0.00 +0. 00 -
Salix cupularis shrub
4232 1 1 1 +0.00 0.6 0. 0000 0.17 £0.07 1. 0000
Salix cupularis shrub
4 028 2 2 2 +0.00 22.6 0.2193 0.24 +£0.05 0.8921
South slope Salix cupularis shrub
3743 1 1 1 +0.00 4.0 0. 0000 0.17 £0.07 1.0000
Alpine conifer forest
3 596 2 2 2+0.48 5.4 0. 0342 0.31 +0.08 0.9890
Alpine conifer forest
3 596 ~4 755 - 3 3 3+0.48 5.4 0.3031 0.37 +£0.07 0.8391

Note: ID Individual density ( heads/m®) ; SWI Shannon-Wiener diversity index; FI Fisher o index; DI Dominance index.
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3 Fisher o
(0.84 +£0.10) > (0.58 £0.08) >
(0.37 £0.07) o Fisher o
4 009 m
(0.54 £0.09) . Fisher o
4243 m
(0.55 +0.10) 4 730 m (0.56 +
0. 14) .
2.2.5
3
(0.8391) > (0.7682) >
(0. 4846) « Shannon-Wiener
Fisher o o
3755 m
4

(0.8290) . 4264 m (0.9520) 4749 m
(0.9609) 3 o
4010 m
(0.9388) . 4486 m ( 1. 0000) 4502 m
(1. 0000) 3 .
2 o
2.3
4 (P<
0.01) . .
( P =0.046)

Table 4 Correlation analysis between ant diversity and vegetation feature

Ant

Vegetation feature

Species number

Diversity index Dominance index

Canopy density 0.015 0.263 0. 290
Shrub coverage 0. 082 0. 365 0.475"
Herb coverage 0.334 0.620"" 0.202
Litter coverage 0. 334 0. 058 0. 202
Litter thickness 0. 058 0.243 0. 353
Pearson o 0.01 : 0.05 o Note: Numbers in table

are Pearson correlation coefficient

the 0. 05 level.

2.4

Jaccard 0.00<¢<0.25
; 0.25=<¢ <0.50

; 0.50=<¢<0.75
; 0.75=<¢=<1.00 o

0. 4286 ~0.7143
; 0. 5810 o

* represents significant correlation at the 0. 01 level while * represents significant correlation at

(q)

Table 5 Similarity coefficients ( g) between ant
communities from the vertical zones at Cona section

of Mt. Himalaya

Vertical zones
North slope Mountain valley

Mountain valley 0.7143
South slope 0. 4286 0. 6000
Average 0. 5810
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2001a
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( Pacheco &
Vasconcelos 2012)

N

( Buczkowski & Richmond 2012) .

3500 m

( Hoffmann 2010;
2015)
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