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The correlation analysis between ant mounds
and plant resource in Olkhon region

© Xu Wang?, Qingxi Hu®, Weizheng Kong¢, Chenyang Zhang¢, Shan Jia®, Yuan Changf,
Wei Deng9, Andrey V. lishtva", Victor G. Shilenkov', Zhonggiu Lil, Xingjun Tian*
a-9ikNanjing University, Nanjing, China
hilrkutsk State University, Irkutsk, Russia

Abstract: Olkhon region in East Siberia has abundant and unique vegetation and animal resource for its peculiar geo-
graphic location, including ants. Ant, recognized as ecosystem engineers, has an important role in ecosystem. In order to
investigate the ecological role of mound-building ants in this region, we focused our attention on the correlation between
the distribution of ant mounds and plant species. Five quadrats (5 m x 5 m) were set up in this region, each of which was
then divided into twenty-five quadrats (1 m x 1 m). We collected the location of every Black Bog Ant (Formica candida)
mound, the number and biomass of various plants in every small quadrat. Using matrices, we tested the distribution pattern
of ant mound randomly. The correlation between plants and ant mound pattern was tested by correlation analysis and
regression analysis. The result showed that the spatial distribution of ant mound was random. We also found that Artemisia
frigida, Carexduriuscula and Oxytropis sylvesfris had a significant linear relationship with the spatial distribution of ant
mound (P < 0.05), suggesting that the spatial distribution of ant mound was dependent on the spatial distribution of some
plants. The underlying mechanism was further studied. We attributed this correlation to the feeding habits and foraging
strategies of Black Bog Ant and tissue structure of these three plants. Our study figured out the interaction between Black
Bog Ant and plant resource in Olkhon region, laying down the foundation for future study on the co-evolution of plant and
animal resource in this unique ecosystem.
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KoppenauMoHHbIn aHanu3 Mexay pasmMelleHneM MypaBeMHUKOB
U pacTuTenbHbIMU pecypcamu B ONIbXOHCKOM peruoHe

© Cron Ban?, LuHcu Xy®, BanuxaH KyHS, YanbaH Yxan?, Lanb Li3a®, KDaHb YaH', Bai [aH9,

A.B. Nnwtea", B.I". LUuneHkoB', YxyHuto N, CUH3IOHL TAHBLY
a-gikHankuHcKul yHUsepcumem, e. HaHkuH, Kumali
hiipkymckuli eocyOapecmeeHHbiIll yHUsepcumem, . Mipkymcek, Poccust

Pe3tome: OnbXOHCKWIA PErMOH Kak yacTb BoctouHon Cubupu obnagaet 6oraTblMu M yHUKamNbHbIMW PacTUTENbHBIMU
W XMBOTHBIMU pecypcammn Gnarogapsi cneuududeckomy reorpacmyeckoMy nonoxexuo. MypaBsbu, B CBOKW 04epeb,
SIBNAIOTCS BaXHOW COCTABHOW YaCTb 3KOCUCTEMbI M UTPatoT B HEM BaXKHYHO porib. B Liensx nccnegoBaHus aKONOrMyYecko
pOnu MypaBbeB-CTPOMTENEI B 3TOM PEMOHE aBTOPbI JaHHOI CTaTbu 0OpaTUY BHAMAHWE Ha KOPPENSALMIO MEXay pac-
MONOXEHWEM MYpPaBEWHUKOB 1 BAAMM pacTeHwii. B paiioHe nccnegoBauuin 6einmn BeibpaHbl NsSTe NPODOHbLIX nnowaaen
(5 m x 5 m), kaxxgast U3 KoTopbIx 3aTeM Obina pasgeneHa Ha ABaguate NsTb kBagpaTos (1 M x 1 m). OTMevanocb mecTo-
HaxoXaeHne Kaxagoro MypaseliHuka, CoopykeHHoro Formica candida, konmyecTso, BUOOBOW cOCTaB M Guomacca pasnuy-
HbIX pacTeHW’ B Kaxgom manom ksagpate. C Mcnonb3oBaHMeM MaTpuL, criyvaiiHbiM 06pa3om TecTupoBanach KapTuHa
pacnpefeneHus MypasenHukoB. Koppenauuio Mexagy pacTeHnsMy 1 pacnofioXXeHNeM Hachkinel MypaBbeB NMPOBEPSM C
MOMOLLIbIO KOPPENsSLMOHHOMO M PErpeCCMOHHOTO aHanusa. PesynbTart nokasan, YTo MpoCTPaHCTBEHHOE pacrnpeneneHue
MypaBeWHUKOB OKa3anoch cnyyanHbiM. Takke Obino obHapyxeHo, YTo pacteHus Artemisia frigida, Carex duriuscula un
Oxytropis sylvestris ©menu 3Ha4yUTENbHYIO JIMHENHYIO CBS3b C MPOCTPAHCTBEHHBIM pacnpefeneHneM MypaBeiHUKOB
(P < 0,05), npeagnonaraeTcs, YTO NMPOCTPAHCTBEHHOE pacnpefeneHne MypaBelHWKOB 3aBMCUT OT MPOCTPAHCTBEHHOTO
pacnpefeneHnss HeKOTOpbIX pacTeHWid. ABTOPbI CBA3aNMW 3Ty KOPPENsAUMIO C MPUBLIYKAMU NUTAHUS U CTpaTernsimm
CTapeHust YepHoro 6OMOTHOrO MypaBbs, @ TakKe CO CTPYKTYPOW TKaHeW ykasaHHbIX TPEX BUOOB pacTeHuid. [poBeaeHHoe
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nccnegoBaHne BbISIBANO B3aMMOAEeCTBre Mexay MypaBbeM N HEKOTOPbIMU BUOAAMU paCTeHVIVI B OnbXOHCKOM pernoHe u
MOXeT SBNSATbCA OCHOBOW A1S 6y,EI,yLIJ,I/IX MCCneaoBaHnin COBMECTHON 3BOMIOLNM pacTuTenbHbIX N XNBOTHbLIX peCypCoB B

3TON YHMKASIbHON 3KOCUCTEME.

Knroyeenie cnosa: MypaBelHUKW, NPOCTPAHCTBEHHOE pacnpocTpaHeHue, bruopasHoobpasne pacTeHU, KOPPEnsaLMOH-

HbI aHanwu3, MNpuonbxoHbe

Ungpopmayusi o cmamee: noctynuna B pegakumio 25 nions 2020 r.; noctynuna nocrne peueH3MpoBaHns u opaboTku

30 wions 2020 r.; npuHsaTa K nybnukaumm 21 asrycta 2020 r.

Ans yumupoearusi: Ban Cion, Xy LiuHem, KyH BaiuwkaH, YxaH YsHbsH, Li3s LWaHb, YaH FOaHb [ ap]. KoppensunoHHbIi
aHanu3 Mexay pasmelleHMemM MypaBerHUKOB M pacTuTenbHbIMKU pecypcamu B ONbXOHCKOM pervoHe. Hayku o 3emne
u Hedpononb3osarue. 2020. T. 43. Ne 3. C. 436-446. https://doi.org/10.21285/2686-9993-2020-43-3-436-446

Introduction

Olkhon region, located on the western shore
of Lake Baikal in East Siberia, has a combined
climate pattern of continental climate and mari-
time climate due to the huge water body of Lake
Baikal. Its unique climate pattern and topography
nurture rich biological resources, including some
endemic species. A total of 118 families and 494
genera of vascular plants have been recorded in
this area. Among them, Asteraceae, Poaceae,
and Cyperaceae are the main families, and they
account for 51 % of genera and 59 % of species.
Animal resources are also abundant, with more
than 1,600 aquatic animal species.

Among commonly spotted animals, ant, the
highly socialized hymenopteran, is recognized as
one of the most important arthropods in the soil
who plays a vital role in ecosystem. The foraging
behavior of ants plays an important role in the
food web and energy cycle. It changes the flow of
matter and energy - organic matter is buried
deeper, small particles are brought to the surface,
soil porosity is increased, moisture is dispersed
and gas is released [1, 2]. The ant mounds sur-
face is also rich in C, N and other elements [3].
These physical and chemical changes will affect
the soil microenvironment and nutrient cycling,
and then affect the structure of plant resources.
Studies have proven that ants have formed a
symbiotic relationship with many plants in a long-
term evolution process [4]. For example, ants can
help spread plant seeds and to some extent af-
fect the community structure of some temperate
forests [4]. On the other hand, plants provide food
and habitat for ants. The reciprocal relationship
between the ants and plants not only facilitates
the restoration of natural communities, but also
promotes their evolution. For these reasons, in-
ternational studies have used ants as a biological
indicator to detect environmental and biodiversity
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changes [5, 6]. However, the current research on
ants mainly focuses on taxonomy, fauna and bi-
odiversity [7]. Studies on other aspects, espe-
cially the correlation between their mound-build-
ing activities and plants are still very few.

Meanwhile, the spatial distribution pattern of
insect populations is an important property of the
population [8]. The spatial pattern of the popula-
tion shows the distribution of individual in the hor-
izontal space, which is the combinational result of
the population characteristics, interspecies rela-
tionships, and environmental conditions [9]. It
also reflects the population dynamics and com-
munity succession trend [10]. Therefore, the spa-
tial distribution pattern of ant mounds is a good
indicator of ant mound-building activity.

In this study, we investigated the spatial dis-
tribution pattern of Black Bog Ant (Formica can-
dida), the dominant ant species in Olkhon region,
and the distribution structure of plant resources.
We set up a correlation model for the distribution
of Black Bog Ant mounds and plants to explore
their interaction.

Material and methods

The investigation was conducted on five
5mx5m grassland at Chernorud Camp,
Olkhon. Each quadrat was dividedinto1 m x 1 m
quadrats. Location of ant mounds, along with the
quantities and biomass of plant species were rec-
orded. Biomass was calculated based on the av-
erage weight of 3 individuals after air drying.

We used the K function with the spatstat lan-
guage pack of the statistic software R (3.5.2) to
study the spatial distribution of the ant mounds
[11, 12]. K function was put forward by Ripley
[13]:
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A represents the area of the quadrat, n repre-
sents the number of the ant mound in the quad-
rat, uj represents the distance between the ant
mound i and j, and wj represents weighting,
which is used to eliminate the Edge Effect. No-
ticeably, when uj <r, I(uj) = 1, and when u; >,
Ir(uij) = O.

We used Monte Carlo method with R (3.5.2)
to generate the upper and lower envelop curve at
random [14]. The number of the data point was
the same with the observation point. If K(r) falls
between two envelop curves, the ant mound re-
signs to random distribution. If it is over the upper
envelop curve, the ant mound resigns to clumped
distribution. If it falls below the lower envelop
curve, the ant mound resigns to uniform distribu-
tion [15].

Correlation analysis uses the Nonparametric
tests to test significant difference between distri-
butions of two population. In this experiment, the
analysis was done by applying Spearman Analy-
sis whose function is shown below [16].

_ Tie (=D yi=y)
[0 I iy

Lm function with R 3.5.2 was applied for the
multiple regression analysis. Full regression
model of the total biomass of all collected plants
against the number of the ant mound in quadrats
was established. The variance inflation factor
(VIF) was used to determine collinearity. We de-
fined multicollinearity when VIF > 5. Stepwise re-
gression was done by applying Step function for
preliminary screening for variables and modeling
with those candidates according to Akaike infor-
mation criterion (AIC). Afterwards multiple re-
gression model of the total biomass of the col-
lected plants and the ant mound was established
by the total biomass of each plant species. This
model identified the plant species that have
greater effect on the ant mound distribution in
the overall environment and their corresponding
effect.

Results
Figure 1 presents 188 F.candida mounds, in-
cluding 20 from quadrat a, 17 from quadrat b, 40
from quadrat ¢, 35 from quadrat d and 76 from
quadrat e.
According to the result of the K Function
(Fig. 2), Kobs values (the actual value of K(r))

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

of quadrat 1-3, 5 lie inside the envelope, so the
ant mounds in these four quadrats are randomly
distributed on the scale of 0-1.2 m. The result of
quadrat 4 displays a different result. Ant mounds
are clustered on the scale of 0-1 m, but resign to
random distribution on a broader scale.

We identified 25 plant species at Chernorud
Camp and yielded the biomass of each plants.
Based on the biomass, we conducted correlation
analysis by Spearman (Table 1). The results
show that the biomass of Artemisia frigida (os =
0.442, P =0.038), Carex duriuscula (p10=-0.367,
P =0.029) and Oxytropis sylvestris (p19 = -0.287,
P = 0.031) have significant correlation with the
distribution of ant mounds. The biomass of Arte-
misia frigida is positively correlated with ant
mounds, while the biomass of the other two
plants, Carex duriuscula and Oxytropis sylvestris
has negative correlation individually. The result
suggests extensive interaction between these
three plants and ant mounds.

Shannon-Wiener biodiversity index and
Simpson biodiversity index were selected as indi-
cators of plant biodiversity to correlate with ant
mounds on different scales. On the small scale
(1 m x 1 m), the correlation coefficient of Shan-
non-Wiener biodiversity index (ps-w) is 0.157 (P =
0.08) and that of Simpson biodiversity index
(osimpson) is 0.165 (P = 0.067). Although the P val-
ues are all greater than 0.05, we still suppose that
the spatial distribution of ant mounds and plant
biodiversity tend to have a positive correlation.

When the scale comes to 5m x 5m, the P
values are greater than 0.1 (Table. 2), suggesting
that the spatial distribution of ant mounds has no
correlation with plant biodiversity.

To exclude the influence of the possible cor-
relations between variables, we further con-
ducted the multiple regression analysis. We iden-
tified plant species that have multicollinearity, and
chose the smallest model which contained the bi-
omass of 8 plant species as independent varia-
bles by the stepwise regression (Table. 3). The
output of the model after stepwise regression
show that the distribution of ant mounds is posi-
tively correlated with the biomass of O.spinosa,
C.daurica, A.commutata and A.frigida, while
Is negatively correlated with the biomass of
P.ambigua, C.squarrosa, O.sylvestris and C.dur-
iuscula.
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Fig. 1. Distribution of ant mounds
Quadrat numbers (a—€) are marked in each plot
Puc. 1. PacnpedeneHue mypageliHUKO8 Ha Nsimu NMPo6HbIX niowadsax
Ha kaxdom u3 epaghukos ommeyeHb! Yucia keadpama (a—e)

Comparing the standard coefficients with Y =1.829+0.019X 0.spinosat0.179X
each plants, A.frigida (P = 0.031), O.sylvestris c.daurica-0.063X p.ambigua-0.703X
(P = 0018) and C.duriuscula (P = 0001) have C_squarrosa+0.047x A_commutata+o.060x
significant influence on the distribution of ant Adfrigida0.062X 0 sywvestris-0.063X ¢ duriuscula
mounds. The result is consistent with that ob-
tained from the correlation analysis. Discussion

The output of the model can be concluded as In this study, by collecting the relevant data
following: of plants and ant mound in Olkhon, we tried to
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Fig. 2. Test result of the K Function on the basis of the ant mound coordinates:
1-K,,s(r), the observation value; 2 — K, ., (1), the theoretical value;
3 - K,;(r), the upper envelope; 4 - K,, (r), the lower envelope
Puc. 2. Pe3aynbmam npoeepku no hyHkuuu K Ha 0CHO8e pacnosioKeHust
MypaeeliHUKO8 Ha nsimu nPo6HbIX MOYKax:
1-K,,(r), 8 pesynbmame HabnodeHuss; 2 — K, (1), mMeopemuyeckoe 3Ha4yeHue;
3 — Ky,; (1), eepxHsis kpusasi; 4 — Ky, (r), HUXHSS Kpugasi

establish the correlation model of plant quantity
and biomass and ant mound distribution. The re-
sults showed that on the scale of 5 m x 5 m, the
mound distributions of the bright black ant in
quadrat 1-3 and 5 were random, and that in
quadrat 4 was clustered. Generally speaking, the
spatial distribution pattern of ant mound will
change with a series of ecological factors includ-
ing vegetation and soil conditions. When the sur-
face environment and soil environment are more
conducive to the nest settlement of ants, the ag-
gregation degree of ant mound will increase, and
more tend to cluster distribution [7]. However, the
point pattern analysis method we chose ignored
the environmental heterogeneity, so the cluster
distribution of ant nest in quadrat 4 was probably
due to its favorable geographical location for the
settlement of bright black ants.

Ants, as the most widely distributed species
and quantitative social insects on the earth, are
socially ordered and efficient in foraging. To ac-
quire the efficiency, ants adjust their foraging
strategies and nesting positions to the resource
distribution. Supposing the distribution of plants
is greatly affected by environmental factors such
as water and soil, the distribution of ant mounds
in turn may be more affected by food resources.
Thus, we hypothesized that the distribution of ant
mounds is related to the distribution of plants spe-
cies. In this survey, we found that plant biodiver-
sity or most of the plant species had little impact
on ant mound, with an almost no significant rela-
tionship. However, the total biomass of Artemisia
frigida, Carex duriuscula and Oxytropis sylvestris
had a more significant correlation with the num-
bers of nearby ant mounds.
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Table 1. Correlation analysis of plant biomass and the distribution of ant mounds

Tabnuua 1. KoppenAumMoHHbI aHanu3 mexay uomaccomn pacteHum
U pacnpegeneHuem MypaBeiHUKOB

2020;43(3):436-446

Plant N Plant biomass in each quadrat, g Correlation
D Scientific name coefficient p P value
1 2 3 4 5
1 Agropyron cristatum 79.2 2.4 9.6 36 228.6 0.206 0.304
2 Allium ramosum 0 0 0 0 37.1 0.384 0.86
3 Allium schoenoprasum 0 0 0.9 0 0 -0.014 0.92
4 Allium tenuissimum 0 0 0 1.1 0 0.008 0.785
5 Artemisia commutata 149.6 58.3 138.6 80.3 0 -0.072 0.066
6 Artemisia frigida 0 0 0 0 433.6 0.442 0.038
7 Aster alpinus 67.5 1925 220 2475 0 -0.123 0.967
8 Bupleurum scorzonerifolium 121.8 151.2 56.7 178.5 3.2 -0.206 0.585
9 Caragana pygmaea 0 0 0 0 17.4 0.256 0.377
10 Carexduriuscula 269.5 21.7 60.9 128.8 0 -0.367 0.029
11 Carum carvi 15 9 22.5 15 0 0.025 0.669
12 Cleistogenes squarrosa 0 0 0 0 15 0.243 0.162
13 Cymbaria daurica 0 0 0 0 69.6 0.382 0.108
14 Eremogone meyeri 379.5 21 432 175.5 152 0.074 0.902
15 Filifolium sibiricum 46.5 1.1 15 3 0 -0.248 0.733
16 Iris ruthenica 2.4 0.6 1.8 3.6 0 -0.085 0.733
17 Koeleria macrantha 0 0 0 0 10 0.402 0.731
18 Orostachys spinosa 208.8 72 180 122.4 2.8 -0.003 0.256
19 Oxytropis sylvestris 190.9 243.8 197.8 46 0 -0.287 0.031
20 Potentilla bifurca 0 0 0 0 31.5 0.265 0.94
21 Potentilla tanacetifolia 2.2 2 0 1.1 0 -0.08 0.846
22 Ptilotrichum sibiricum 11.9 0.3 0.1 6.4 5.8 0.146 0.543
23 Pulsatilla ambigua 130.5 109.5 124.5 85.5 0 -0.281 0.219
24 Sanguisorba officinalis 70.3 3.7 85.1 0 0 -0.075 0.448
25 Thymus serpillum 33 78.1 85.8 23.1 0 -0.146 0.583

Table 2. Correlation analysis between plant biodiversity index and ant mounds on scale of 5mx 5m
Tabnuua 2. KoppensiuMoHHbLIN aHann3 mexay MHAEKCOM 6uopasHoo6pasunsa pacTeHum
1 MypaBelHUKaMu B Maclutabe 5 M x 5 m

Plant biodiversity Quadrat number Corre_la_uon P value
1 5 3 7 5 coefficient
Shannon-Wiener 2.162 2.207 2.174 2.271 1.973 -0.8 0.107
Simpson 0.841 0.87 0.847 0.871 0.825 -0.68 0.21
Table 3. Coefficients of regression model (R?=0.358)
Ta6bnuua 3. KoadppmumeHTbl perpeccuoHHoit mogenu (R?= 0,358)
Modeling Regrggsion Staf‘d‘?‘rd Stan.dgrd T value P value
coefficients deviation coefficient
Constant 1.829 0.306 — 5.984 0
O.spinosa 0.019 0.013 0.114 1.481 0.141
C.daurica 0.179 0.115 0.219 1.563 0.121
P.ambigua -0.063 0.039 -0.125 -1.605 0.111
C.squarrosa -0.703 0.386 -0.154 -1.822 0.071
A.commutata 0.047 0.025 0.174 1.906 0.059
A.frigida 0.06 0.027 0.392 2.179 0.031
0.sylvestris -0.062 0.026 -0.238 -2.396 0.018
C.duriuscula -0.063 0.018 -0.297 -3.403 0.001
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Among them, the biomass of Artemisia frigida
was positively related to the number of ant
mounds. We suggested three possible reasons.
First, the special properties of Artemisia frigida
make it more attractive to more insects [17],
providing sufficient food source for the bright
black ant. Second, the root structure of Artemisia
frigida stabilizes the rhizosphere soil ecosystem
[18] which may be suitable for ants’ living. Third,
there may be a mutually beneficial relationship
between Artemisia frigida and the bright black
ant. The seed surface of some plants is covered
with a nutritional part that attracts ants — oleo-
some [4]. Artemisia frigida may also provide nu-
trition for ants through other specific structures.
Ants will in return protect the plants in the way of
preventing or reducing from feeding and destruc-
tion of plants by other herbivores except honey-
dew insects. Such properties of Artemisia frigida
may explain for the fact that the number of ant
mounds was positively correlated with the total bi-
omass of Artemisia frigida [19].

In addition, the individual total biomass of
Carex duriuscula and Oxytropis sylvestris was
negatively related to the number of ant mounds
nearby. This phenomenon could be explained by
the unfavorable properties of these two plants in
forming a reciprocal symbiosis relationship with
the bright black ant. According to the existing re-
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search, the bright black ant has reached nutri-
tional symbiosis with Homoptera. The ants collect
nectar from Homoptera, which is the nutrients ex-
creted by Homoptera [20]. However, the covering
villi of Oxytropis sylvestris which help resist in-
sects and low temperature can reduce palatabil-
ity [21]. Meanwhile Oxytropis sylvestris contains
a variety of toxic alkaloids [22], making it not at-
tractive to Homoptera insects. Therefore, this
could be the reason for the finding that the nest
distribution of bright black ants was individually
negatively related to these two plants.

Conclusion

There is little research on the relationship be-
tween the spatial pattern of ant mound and
plants. Thus, our research provides a different re-
search idea for the interaction of animals and
plants. Future research can increase the amount
or coverage of quadrats or cover more plant spe-
cies. Considering scale effect[23], it is necessary
to investigate the spatial pattern distribution of ant
nest on different scales, given this study is only
based on the scale of 5 m x 5 m. Given that more
information is obtained and considered, we could
make one step further to build a bond between
biological resources and tectonic motion, thus in-
vestigating how the unique ecosystem Baikal
Lake evolved.
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