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Abstract

In this study, we investigated how buffaloes grazing on water lily influenced water lily leaf at Thale Noi Wildlife
Sanctuary, southern Thailand. We estimated water buffalo population size, and measured water quality parameters and
water lily leave sizes with present and absent of water buffaloes. Water buffalo population size were estimated by using
aerial photographs from multi-rotor drones at five study sites. Photographs were taken at 50 m above ground. We
measured water quality parameters (i.e. water temperature, pH, dissolved oxygen (DO), total dissolved solid (TDS) and
electric conductivity (EC)) at two sites: site with buffaloes present and site with buffaloes absent. We collected 30 water lily
leaves per study site at three study sites based on distances further away from water buffalo herds: short distance (100 m),
intermediate distance (200 m) and long distance (300 m) from a buffalo herd of 200 buffaloes.We took photographs of
water lily leaf with scale, measured leaf radius and calculated the leaf area with the Adobe Photoshop CS6 Extended
software. Our results showed that there were five water buffalo herds in Thale Noi Water Sanctuary with a total of 176
males, 243 females and 105 juveniles. There were two herds that female biased and three herds with equal sex ratios. In
areas with buffaloes present, water temperature, pH, DO, water lily radius and leaf area were higher but TDS and EC
measurements were lower than areas without buffaloes. This indicates that water lilies and water quality parameters were
influenced by water buffaloes.
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Introduction

Large herbivores regulate the nutrient cycling and primary production in grassland ecosystems. These herbivores
can mediate changes in plant community composition, production and the deposition of feces [1-3]. Feces and urine from
large herbivores provide a fast decomposition pathway in grasslands by returning highly decomposable resources that are
rich in plant-available nutrients [4]. Herbivores consumed 30 ~ 50% of aboveground plant biomass annually [5-6]. The
highest excretion of Na“ was observed through feces of buffaloes and was significantly higher during summer than in winter
[7]. Buffaloes are used for conservation grazing in the Black Sea area to maintain optimal conditions for bird life in a nature
reserve [8].

Thale Noi Wildlife Santuary is the largest freshwater lake in the south of Thailand (about 285,625 Rai) covering
three provinces: Phatthalung, Songkhla and Nakhon Si Thammarat provinces. The average temperature throughout the
year is 28.1°C with a range of 18.0- 39.4°C [9]. Thale Noi Wildlife Santuary is consisting of paddy, swamp and grassland.
Biodiversity of Thale Noi Wildlife Santuary pronounced as a wetland of the world or first Ramsar Site of Thailand covering
with water plants such as water hyacinth, various species of water lilies and floating plants with an average depth of 1.25 m

[10].

o o

My ATIMITEauT@ “Idpansalidn” a3sn 10 Tun 27-28 fuay 2561 Maineemaasuazinalulad



Grazing of Herbivories Affecting Plant Growth: Water Buffaloes Grazing on Red Indian Water Lily

http://wjst.wu.ac.th/index.php/wuresearch

Now the ecology of Thale Noi Wildlife Santuary is changed due to several anthropogenic factors such as water
pollution, heavy metal contamination, land loss from invasion for agriculture, and rapid spread of weeds from excessive
fertilizers used in agriculture. This anthropogenic effects reduce diversity and abundance of aquatic plants, and animals in
many aspects. Red Water lily, the symbol of Thale Noi, is greatly reduce in numbers and area covered [11-13]. Red water
lily serves as one of the major food source for water buffaloes. In this study, we conducted three field experiments to
investigate the effect of large herbivore (water buffaloes) grazing on water lilies at Thale Noi Wildlife Sanctuary in southern
Thailand. We tested the following hypotheses: (1) if water buffaloes affect the water lilies, then water lily leaf radius and
area should be negative association with increasing distances from water buffaloes, (2). The quality of water are differ

between buffaloes area and without buffaloes.

Materials and Methods
Study site
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Figure 1 (a) map of Patthalung province, Thailand, (b) map of Thale Noi Wildlife Sanctuary, (c) water lily study sites and (d)

buffaloes study site
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Figure 2 Buffaloes study sites

Buffalo Population Estimation

The water buffalo (Bubalus bubalis) has a body length of 240 to 300 cm and a tail length of 60 to 100 cm. Adult
buffalo skin color varies from light to dark brown. In this study, we used the DJI Drone Spark with a camera resolution of 12
MP [14-15] to take top-viewed photos of buffalo herds from 50 meters high above ground (Figure 3a). We counted the
number of males, females and juveniles from the photographs [16]. The areas were calculated by using an Adobe

Photoshop CS6 Extended program [17] (Figure 3b) and used to estimate a water buffalo density.
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Figure 3 Top view drone photography. (a) buffalo herd and (b) area measurements in the Photoshop CS6 Extended

software

Water Lily Data Collection
There were three water lily species present in Thale Noi Wildlife Sanctuary: Sacred lotus (Nelumbo nucifera
Gaertn), Red Indian water lily (Nymphaea pubescens Willd) and water lily (Nymphaea stellata Wild) (Figure 4). The

dominant species of this area and used for commercial purposes was the Red Indian water lily. In this study, we collected
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Red Indian water lily leaves at three sites in October 2017: 100, 200 and 300 m further away from water buffalo herds with

30 leaves per site. We measured leave radius and area with an Adobe Photoshop CS6 Extended program (Figure 5).

(b)

Figure 4 Water lily species present at Thale Noi Wildlife Sanctuary. (a) Sacred lotus (b) Red Indian water lily and (c) Water
lily
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Figure 5 Water lily leave measurement (a) leave radius (b) leave area by an Adobe Photoshop CS6 Extended program

Water Quality Measurement
We measured water quality parameters three times per site at two study sites: (1) site with buffaloes present and
(2) site with buffaloes absent. Water quality parameters were composed of water temperature, pH, dissolved oxygen, total

dissolved solid and electric conductivity [18-19].
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Data Analysis

We used crosstab chi-square tests to test the sex ratio of male and female at each study site. We used t-tests to
test the differences in water quality measurements and water lily leave size between areas with buffaloes and no buffaloes.
Regression analysis showed the relationship between distances from buffaloes and the size of water lily leaves (radius and

area of leaf). All significant tests were two tailed at a significant level of 0.05.

Results and Discussion

There are two sites that female biased sex ratios and three sites that the number of juveniles was closed to the
number of male buffaloes (Table 1). Water buffalo density was ranging from 0.03-0.30 individuals/m” (Table 2). At first
study site, we take a photo while the buffaloes were in the barracks and the second site was the widest feeding area. In
areas with buffalo present, water temperature, pH, DO were higher but TDS and EC were lower than area without buffaloes
(Table 3). Water lily leave radius and areas at distances at 100 m away from buffalo herds were larger than at 200 and 300

m away from the buffalo herds (Table 4). Water lily leave radius and areas were negative associated with distances away

from buffalo herds (Figure 6).

Table 1 The number of male, female and juvenile buffaloes in five study sites at Thale Noi Wildlife Sanctuary, southern

Thailand (*P<0.05).

Study Sites Males (M) Females (F) Juveniles (J) Statistical test (M:F)
1 7 12 9 ZIZ 132
2 18 21 10 Z? - 023
3 35 55 32 7(12 - 4.44*
4 44 69 27 le - 553"
5 72 86 27 le - 194
Total 176 243 105 le - 10.71*

Table 2 Water buffalo densities at Thale Noi Wildlife Sanctuary.

Study Sites The number of buffaloes Area (mz) Buffalo density (individualslmz)
1 28 92.37 0.30
2 49 1,678.80 0.03
3 122 3,989.07 0.03
4 140 3,641.08 0.04
5 185 2,002.74 0.09
Total 524 11,404.06 0.05
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Table 3 Mean (+ SD) of water quality measurements in area with buffaloes and without buffaloes (*P<0.05).

Parameter Buffalo present Buffalo absent t - test
Temperature (OC) 29.94 + 0.53 29.07 + 0.66 t,s=3.13"
pH 7.21+£0.0 6.53 £ 0.11 ts=14.91"
DO (mg/L) 4.61+£0.93 2.83+0.87 t,=4.20"
TDS (ppm) 25.32 + 0.26 33.77 £ 0.37 t,=-55.35"
EC (S/cm) 501.67 + 2.00 637.78 + 3.67 ts=-97.77"

Table 4 Mean (+ SD) of water lily leave radius and area at three distances away from buffaloes (*P<0.05).

Distances from buffaloes (m) Statistical test
Water lily leave
100 m 200 m 300 m
Radius (cm) 17.55 + 1.147 16.49 + 0.86" 16.84 £ 1.15" F, s = 7.897
Area (cm’) 903.07 + 131.38" 731.75 + 89.61° 709.56 + 124.59" F,y = 2167
(a) (b)
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Figure 6 Water lily leave size and the distances from buffaloes. (a) water lily leave radius and (b) water lily leave area
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Conclusions

At Thale Noi Wildlife Sanctuary, southern Thailand, we investigated five study sites and found that the ratio of
male, female and juvenile were significant differ. When considering each distance, found that only two sites that male
different from female buffaloes. Three sites where the number of juvenile were close to the number of male. Water
impurities affect the growth of aquatic plants. Use of irrigation water salinized by NaCl with an electrical conductivity (EC)
more than twice as high as that recommended for optimal calla growth [20]. Water Lily Nymphaea has potential as an
optimal, highly effective phytoremediation tool for the removal of Cd from polluted waste sources [21-22]. Temperature, pH
and DO in buffalo area were higher than without buffalo while TDS and EC were lower. Research related to leaf changes,
for example Herbivory drastically increased leaf senescence, reducing leaf density [23]. Distances affecting the size of
water lily leaves. At distances from the group of buffaloes less than 100 m., the radius and the area of leaves were bigger
than 100 m. and further. The distance from the buffalo can be explained by the size of water leaves and negative
relationship between all. Biomass affects the growth of aquatic plants. Just like the results of the past, biomass allocation in
response to water depth.Plants in 30 cm. water produced more but smaller and shorter-lived leaves than plants at 60 cm.
and 90 cm. water levels [24]. After one month, seedlings in 90 cm. water had less biomass than those in 30 cm. [25].
Commercial expansion has affected the natural stocks of this plant, in turn, affecting the nursery function of these habitats
[26]. So, to solve the water lily problems were not to focus on it was the food of the buffaloes [27] or feces was the cause
of waste water. Other factors, such as household waste water discharge or to collect water lily for trade, should be

considered.

Acknowledgements
We thank students and teachers from Papayompittayakhom school for helping during field surveys. This work was

supported by the Centre of Excellence for Ecoinformatics, the Institute of Research and Innovation, Walailak University.

References

[1] DA Frank, SJ McNaughton. The ecology of plants, large mammalian herbivores, and drought in yellowstone
national park. Ecology, 1992; 73(6) p. 2043-2058.

[2] H OIff and ME Ritchie. Effects of herbivores on grassland plant diversity. Trends in ecology & evolution, 1998;
13(7), p. 261-265.

[3] S Bagchi and ME Ritchie. Introduced grazers can restrict potential soil carbon sequestration through impacts on
plant community composition. Ecology Letters, 2010; 13(8), p. 959-968.

[4] M Bakker, G Govers and M Rounsevell. The crop productivity-erosion relationship: an analysis based on
experimental work. Catena, 2004; 57, p. 55-76.

[5] EG Towne, DC Hartnett and RC Cochran. 2005. Vegetation trends in tallgrass prairie from bison and cattle
grazing. Ecological Applications, 2005; 15, p.1550-1559.

[6] M Giese, H Brueck, YZ Gao, S Lin, M Steffens, | Kogel-Knabner, T Glindemann, A Susenbeth, F Taube, K
Butterbach-Bahl, XH Zheng, C Hoffmann, YF Bai and XG Han. N balance and cycling of Inner Mongolia typical
steppe: a comprehensive case study of grazing effects. Ecological Monographs, 2013; 83(2), p. 195-219.

[7] M Zia-ur-Rahman, Ashraf and A Khan. Macrominerals in buffalo at different physiological state during winter and

summer. Interactions between climate and animal production, 2003; p. 101.

Myt iTmaauna “URUANHILIRL” ATIN 10 IUN 27-28 Funay 2561 wdaIneeaasuazinalulad 7



Grazing of Herbivories Affecting Plant Growth: Water Buffaloes Grazing on Red Indian Water Lily

http://wjst.wu.ac.th/index.php/wuresearch

(8]

(9]

[10]

(1]

[12]

[13]

O Yilmaz, M Ertugrul and RT Wilson. Domestic livestock resources of Turkey: Water Buffalo. Tropical animal
health and production, 2012; 44(4), p. 707-714.

J Porntewabuncha. Management of thale noi non-hunting area wetland, phattalung province. Master thesis,
Thammasat University, Bangkok, Thailand, 2012.

Kapook Travel. Small sea lark cruise, phattalung. Web site: https://travel.kapook.com/view10844.html. Accessed
October 2017.

Minority Phatthalung faced the problem of rotten water. There are many freshwater fish floating. Web site:
http://www.manager.co.th/QOL/ViewNews.aspx?NewsID=9580000074060. Accessed October 2017.

Thai Post. Accelerating the removal of water hyacinth, sea overflowing and focus on 'water buffalo' ecological
attractions. Web site: http://ibic.lib.ku.ac.th/ibicth/news/TB2560061.pdf, 2017, 21(7388). Accessed October 2017.
Meteorological Department. Climate phatthalung. Web site: http://climate.tmd.go.th/data/province/sl,@i"tji‘lmfuaaﬂ/
nianmManNad.pdf. Accessed October 2017.

[14] Dji. Spark spec. Web site: http://www.dji.com/spark/info#specs. Accessed October 2017.

[15] Dji. Dji go 4-for drones since p4. Web site: https://play.google.com/store/apps/details?id=dji.go.v4&hl=en. Accessed
October 2017.

[16] International buffalo information center The classification of the buffalo. Web site:
http://ibic.lib.ku.ac.th/ibicth/index.php?option=com_content&view=article&id=48:classification&catid=37:2009-06-25-
03-23-58&Itemid=62

[17] Adobe Photoshop CS6 Extended. Web site: http://www.adobe.com/ Accessed October 8, 2017.

[18] Nasa goddard space flight center. Measurement campaigns. Web site: https://www.globe.gov/do-globe/
measurement-campaigns/field-measurement-campaigns. Accessed October 2017.

[19] The Institute for the Promotion of Teaching Science and Technology (IPST). The primary method of measurement.
Web site: http://globethailand.ipst.ac.th/?page_id=3931. Accessed October 2017.

[20] ME Veatch-Blohm and L Morningstar. Calla lily growth and development under saline irrigation. HortScience, 2011;
46(2), p. 222-227.

[21] T Schor-Fumbarov, Z Keilin and E Tel-Or. Characterization of cadmium uptake by the water lily nymphaea aurora.
International Journal of Phytoremediation. 2003; 5(2), p. 169-179.

[22] World Health Organization. Total  dissolved  solids in Drinking-water, 2003 Web  site:
http://www.who.int/water_sanitation_health/dwqg/chemicals/tds.pdf. Accessed October 2017.

[23] JA Stenberg and JE Stenberg. Hydrobiologia, 2012 - Springer. Herbivory limits the yellow water lily in an
overgrown lake and in flowing water. Hydrobiologia, 2012; 691, p. 81-88.

[24] JH Richards, TG Troxler, DW Lee and MS Zimmerman. Experimental determination of effects of water depth on
nymphaea odorata growth, morphology and biomass allocation. Aquatic Botany 2011; 95(1), p. 9-16.

[25] JH Richards and C Cao. Germination and early growth of nymphaea odorata at different water depths. Aquatic
Botany 2012, 98(1), p. 12-19.

[26] Ecosystems and livelihoods group, ASIA. The Water Lily: a flagship species for local to global conservation. BMZ
project cases studies, 2009, p. 1-3.

[27] Department of livestock. Swamp buffalo. Web site: http://breeding.dld.go.th/biodiversity/chm/pvp_chm/
provineculture/Khai%20water.html. Accessed October 2017.

8

Myt iTmaauna “URUANHILIRL” ATIN 10 IUN 27-28 Funay 2561 wdaIneeaasuazinalulad


http://globethailand.ipst.ac.th/?page_id=3931

