Project Update: May 2022
Objective one:

Impacts of invasive species on native habitat of the wild water buffalo Status: Fully
completed

Methods

A preliminary field survey was conducted in December 2021to identify and record the
alien invasive plant species (IAPS) present in the KTWR and species that are most spread
in KTWR were identified during the direct observation held in regular transects. Key
informant interviews were also held with the KTWR reserve staff as they are more
accustomed to the area and have visited the area multiple times. Finally, five IAPS with
the highest cover were identified as the Hyptis suaveolensis, Chromolaena odorata,
Ipomea carnea, Lantana camara, and Mikenia micrantha.

Ten pairs of adjacent plots were measured for each species covering different
vegetation types. One plot of the pair named invaded plots was placed where the
invader is dominant with high cover (> 50%) and second pair of uninvaded plots was
placed in an adjacent area with similar site conditions, where invader had no cover.
Each of the allocated plots sized 4 x 4 m was sampled based on the work by Hejda et
al., (2009). In each plot, all species of vascular plants were recorded, and their
percentage cover was estimated. Similarly, height (cm) and cover (%) of the invader as
well as that of dominant native species (grasses and herbs) was measured. Species
richness ‘S’, Shannon diversity index ‘H' and evenness ‘'J' and Sgrensen similarity index
was calculated, analysed, and interpreted to find out the impacts of invasive species
on native plant diversity as well as different population characteristics determining the
impacts.

Statistical analysis

Differences in species richness S of invaded and uninvaded plots were tested by
independent sample T- test. The correlation between reduction in species richness S
and Sgrensen index of similarity was tested by Pearson’s correlation.

Differences in impacts among the invasive species were tested by one-way ANOVAs.
Differences in species richness S, Shannon's diversity H and evenness J between each
pair of invaded and uninvaded plot were the response variables, and the individual
invasive species a factor. Differences among the influence of the species were then
compared by multiple comparisons among means using LSD tests.

Results

Shrestha (2016) has mentioned the occurrence of 25 IAPS in Nepal. These IAPS are
either herbs (including herbaceous climbers) or shrubs; none of the alien tree species in
Nepal is invasive (Bhatta et al., 2020). Out of the 25 alien invasive plant species (IAPS) 19
IAPS were documented in the KTWR, during the preliminary field survey. The species not
recorded were Ageratina adenophora, Erigeron karvinsikianus, Myriophyllum
aquaticum, Gallinsoga quadriradiata, Spergula arvensis, and Argemone mexicana.
Lowe et al., (2000) has listed Lantana camara, Mikania micrantha, Chromolaena



odorata and Eichhornia crassipies as the world's worst top 100 invasive alien species.

Results
Impact on species composition and sfructure of the invaded communities

The impact of invasion on the invaded communities markedly differed among the five
invading species; significant differences in species richness between invaded and
uninvaded plots were found for three species. Species exhibiting the greatest impact
reduced species numbers per plot (§) and the total number of species recorded in the
communities sampled (Stot) by almost 35%.

The measures of impact of invading species on community characteristics were
correlated. As expected from the nested arrangement of § within Stot, invasions
associated with a strong reduction in species richness at the plot scale were also
associated with a marked reduction in the total number of species Stot at the
landscape scale. Reduction in species richness S also decreased similarity between
invaded and uninvaded vegetation.

The greatest impact on species composition of invaded communities was recorded for
Chromolaena odorata resulting in only 38% similarity between invaded and un-invaded
plots. The invasion by Mikenia micrantha, and Hyptis suaveolensis, resulted in 39.25 %
and 39.09 % change in species composition, respectively. Meanwhile, Lantana camara
resulted in 42% change in species composition between invaded and uninvaded plots.
In total, the similarity between invaded and uninvaded plots ranged from 38% to 53%,
and Ipomea carnea exhibited the smallest effect on the species composition.

The impact of individual invading neophytes on species richness S, Shannon diversity H',
and evenness J was checked with one-way ANOVA. In the invaded plot for the §,
significant difference was found for the species Chromolaena odorata and Mikenia
micrantha with all other three pairs excluding Hyptis suaveolensis. Shannon-Weiner
index (H) for invaded species, significant difference was found for the species pair
Hyptis suaveolensis and Chromolaena odorata. Species evenness (J) for invaded plots,
significant difference was found for the species pair Hyptis suaveolensis and Mikenia
micrantha. LSD tests confirmed impacts of these species were significant (P < 0.05), that
the P value is smaller and within the acceptable range compared to all the other
species. Also, no significant difference was observed for S, H and J in the non-invaded
plots.
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Chromolaena Perennial America, Mexico, [60-90 (10.7+2.36 |7.1£2.76 [33.64{107 |71 [66.35514019 [33.65 [0.3862
odorata shrub Carribean
Hyptissuaveolensis perennial Mexico, West 50-87 [11.5+4.08 8.8+1.39 23.47|115 88 [76.52173913 [23.48 (0.3925
herb Indies, South
America
loomea carnea  |Perennial North America, 50-87 [12.3+3.46 [9.1+2.76 26.01{123 21 [73.98373984 [26.017 [0.5326
shrub Brazil
Mikenia micranthalperennial 60-90 |13.4+£3.03 [11.2+1.98(16.42(134 |11283.58208955 (16.42 [0.3909
creeper North, Central and
South
America
Lantana camara perennial 50-90 |11.4+£3.09 [9.8+1.62 |14.03[114 98 85.96491228 [14.04 (0.42
shrub Central and South
America
ANOVA
Sum of Squares Df  Mean F Sig.
Square
Invaded_sr Between Groups 39.400 4 22.350 4.687 1003
Within Groups 214.600 45  4.769
Total 304.000 49
Invaded_sw Between Groups 792 4 .198 1.674 |.173
Within Groups 5.327 45 118
Total 6.119 49
Invaded_e Between Groups 119 4 .030 1.454 232
Within Groups 918 45 020
Total 1.037 49




ANOVA

Sum of Squares df  Mean F Sig.
Square

non invaded_sr Between Groups 42.520 4 10.630 989 1423
Within Groups 483.500 45 10.744
Total 526.020 49

non invaded_sw Between Groups .380 4 .095 573 1.683
Within Groups 7.461 45 166
Total 7.841 49

non invaded_e Between Groups .089 4 .022 868 1491
Within Groups 1.156 45  1.026
Total 1.245 49

Independent T-test was applied to Species richness of the invaded plot and un-invaded plots. The results showed that
p value <0.05 i.e., 0.027, it suggests that there is a significant difference between the species richness of the invaded

and un-invaded plofts.

Sum of Squares df Mean Square F Sig.

non invaded_sr Between Groups 42.520 4 10.630 989 1.423
Within Groups 483.500 45 10.744
Total 526.020 49

non invaded_sw Between Groups .380 4 .095 573 683
Within Groups 7.461 45 166

Total 7.841 49

non invaded_e Between Groups .089 4 .022 .868 491
Within Groups 1.156 45 .026
Total 1.245 49




The correlation was run for the Sgrensen similarity index and difference in species
richness and was found to be negatively correlated. The Sgrensen index and species
richness had a significant relation (P<0.05).

Correlations

Sorenson Difference in §
Sorenson Pearson Correlation 1 _ 337"

Sig. (2-tailed) 017

N 50 50
Difference in § Pearson Correlation _ 337" 1

Sig. (2-tailed) 017

N 50 50

*, Correlation is significant at the 0.05 level (2-tailed).

Conclusion

A significant difference was found between the species richness of the invaded and
un-invaded plofts. The correlation was run for the Sgrensen similarity index and difference
in species richness and was found to be negatively correlated. The impact of invasion
on the invaded communities markedly differed among the five invading species;
significant differences in species richness between invaded and uninvaded plots were
found for three species (Chromolaena odorata, Mikenia micrantha and Hyptis
suaveolensis). Sorenson similarity index between invaded and uninvaded plots ranged
from 38% to 53%, and Ipomea carnea exhibited the smallest effect on the species
composition and highest impact was exerted by the Chromolaena odorata. Also,
significant difference was observed for S, H and J in the invaded plots for the species
Chromolaena odorata, Mikenia micrantha and Hyptis suaveolensis.
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Left: Fleld work for ossessmen’r of |mpoc’rs of invasive species to the area. Right: Final
presentation to the reserve authority.

Laying out the field instruments and supplies prior to the field visit and data
Collection.



Objective two:

Assessment of dietary overlap Status: Partially completed

Method

The sample of more than 100 grasses from the study area was collected in a zip lock
bag in January 2021. Fifty samples each of cow, feral buffalo and wild water buffalo
dung were also collected in zip lock bag and labeled properly. The plant and dung
samples were first air dried and then dried in an oven at the lab of Agriculture and
Forestry University. A herbarium for all the collected plants was maintained so as to
facilitate the identification. The plant identification was done in the National Trust for
Nature Conservation with the help of a plant identification expert.

The diet of the species was analyzed using standard micro-histological technique

(Norbury, 1988). The reference plant samples were dried in an oven at 60° € and the
dried samples were separately ground with an electric blender and sieved in a mesh of
size 1-0.3 mm. The powder retained on the 0.3 mm sieve was chosen as the final sample
for slide preparation. The epidermal features of plants in the dung were identified with
the help of reference slides prepared from plant species collected from the study area.
The final sample was placed in peftri dishes and bleached with 4% sodium hypochlorite
for 6-24 hours at room temperature to remove mesophyll tissue and to make the
epidermis identifiable. The bleached contents were rinsed well in a sieve. Then they
were treated with a few drops of staining substance-gentian violet solution (1g/100m
water) for 10 seconds and again rinsed. The stained fragments were mounted on
standard microscope slides in a glycerin medium and covered with a cover slip. A
similar process was followed for the faecal samples. Both reference slides and faecal
slides were observed at different magnifications; 100x, 200x and 400x with a compound
microscope and each fragment was photographed using a digital camera for
microscope (DCMS510) in a laptop using software- ScopeTek Scope Photo.

Each five dung samples of one species was mixed to prepare a composite sample. In
this was 10 composite samples of cow dung, buffalo dung and wild water buffalo dung
was prepared. For each fecal sample, non-overlapping and distinguishable 30
fragments, were observed while moving the slides from left to right in the microscope,
were identified considering the specific histological feature of the epidermis. For each
composite samples, 100 fragments were photographed. In this way, in total 3000 and
1000 photo of fragments were generated for each species.
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Left: Drying the dung samples in the hot air oven. Right: Hot air oven at the university
lab.



Lef’r Dung samples laid out for drying. Right: Plant remains refrieved from the dung
samples.

Left: Temporary slides pr'epored for viewing. Right: Viewing and photographing images
of the fragments from the microscopic camera in the laptop.

Objective three

Human Wild water buffalo conflict Status: Fully completed

Methodology:

At first, records of the victims (injured and dead) from the reserve, from past 10 years
(2012- 2021) was collected in March 2022. We conducted structured questionnaire
surveys of all affected households (n = 116) in the study area. The questionnaires were
rigorously tested prior to the questionnaire survey and then only finalised. Either the
head of the household or another adult member was interviewed with consent. GPS
location of each household was recorded. Before an interview, for a verbal consent
was requested with the respondents. The questionnaire included the demographic
background of the interviewee and the victim (age, sex, ethnicity), socioeconomic
status (education, source of income, occupation etc.), victim behaviour/activity during
aftack (place of attack, activities while being attacked, characteristics of attacking
wild water buffalo (adult/sub-adult bull), type of attack (injury/death), habitat



characteristics (land use type) and location (either inside or outside the reserve).

Data Analysis:

We entered all the questionnaire survey data in MS Excel. We performed data analyses
in the R statistical package v. 4.0.2 (R Development Core Team, 2020). We carried out
binomial logistic regression by constructing a generalised linear mixed model (GLMM)
(Zuur et al., 2010) to determine the factors associated with fatalities in wild water buffalo
aftacks. In the GLMM, fatalities on wild water buffalo attack were used as dependent
variable by coding the human fatality—1 and injury—0. Twenty explanatory variables
representing wild water buffalo characteristics, human characteristics, and site
characteristics were defined. Wid water buffalo behavior included social
characteristics (adult male, adult female, female with calves, sub-adult male or mixed
group). The human characteristics included age and sex of the victim, education,
activities of the victim during aftack, and location of attack. Site characteristics
included place of attack, and proximity to forest. Education level of the victims was
categorized into illiterate (who cannot read and write), literate (who can read/write but
have not attended formal school), primary (completed primary school), and secondary
or above (Ram et al., 2021).

Result

Mostly the people who were associated with agricultural activities were found to be
more vulnerable to the attacks of wild water buffalo. In the land use type, forest areas
were found to be more vulnerable to the fatalities. Similarly, education-wise illiterate
people were more inflicted with the fatalities.

S. Predictors Estimate Std. Error z value Pr(>|z])

N.

1. (Intercept) -6.562e+00 1.959e+00 -3.350 0.000808***

2. Distance to reserve -3.045e-04 7.968e-04 -0.382 0.702331

3. Victims_Age 4.067e-04 2.740e-02 1.485 0.137646

4. Activity_Guarding 3.045e+00 1.302e+00 2.339 0.019320*
agricultural crop

5. Activity_Open 1.283e+00 1.162e+00 1.104 0.269715
defecation

6. Activity_Bathing in river |1.458e+01 1.300e+03 0.011 0.991050

7. Activity_Cutting grass  [2.33%9e-02 9.926e-01 0.024 0.981198

8. Activity_Lighting fire for |1.646e-01 1.790e+00 0.092 0.926749
warming

9. Landuse_Agricultural -1.470e+00 1.126e+00 -1.306 0.191648

10. ILc;nnoéluse_We’rldnd -1.380e+01 1.300e+00 -0.011 0.991528

11. Landuse_Seftlements  6.290e-01 1.520e+00 -0.414 0.679111




12. Landuse_Forest Area 2.047e+00 1.002e+00 2.044 0.040942*
13. Adult male 1.747e+00 1.198e+00 1.458 0.144760
14. Female with calves 1.135e+00 1.740e+00 0.652 0.514346
15. Mixed groups 7.010e-01 1.467e+00 0.478 0.632669
16. Education_Primary 1.357e+00 8.77%9e-01 1.545 0.122299
17. Education_lliterate 1.816e+00 8.920e-01 2.036 0.041784*
18. Education_Literate 1.512e+00 9.342e-01 1.618 0.105649
19. Season_Rainy -1.046e+00 1.112e+00 -0.940 0.347064
20. Season_Summer -8.696e-01 1.190e+00 -0.731 0.464839
21. Season_Winter 1.317e+00 9.038e-01 1.458 0.144948

Signif. codes: 0 **** 0.001 ***' 0.01 ** 0.05 *." 0.1 *' 1

Supporting tables

Table 1: Characteristics of victims attacked by wild water buffalo from 2012 to 2021
Victim Characteristics Death Injury Total
Male 18 57 75
Female 6 35 41
Caste/Ethnicity

BCT ) 30 36
Indigenous Terai 7 24 31
Janajati 1 5 6
Madhesi 8 23 31
Muslim 2 10 12
Education

llliterate 3 29 32
Literate 3 19 27
Primary 8 18 26
Secondary or above 5 26 31
Table 2 Characteristics of Wild water buffalo involved in attacks

Water buffalo characteristics Death Injury Total
Group type

Adult male 14 60 74
Adult female 1 10 11
Female with calves 2 5 7




Mixed group 4 11 15
Sub-adult male 3 6 9
Adult/sub adult bull

Yes 21 77 98
No 3 15 18
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Objective Four

Community mobilization and sensitization Status: Fully completed

Community mobilisation and sensitization is a major objective of this conservation-
based project. It was carried out in February 2022. The awareness programme was
targeted to both the young school children and adult resident of the study area. The
awareness materials such as posters and leaflets on wild water buffalo conservation
were prepared in Nepali language prior to the fieldwork. The posters were pasted in
public places where everyone could view and read the conservational content on wild
water buffalo. Few samples of the posters and leaflets were provided to the reserve
authority as well.

Left: Pasting awareness related poster in a local place. Right: Sharing the leaflet and
posters with the reserve personnel

Presentations were held on the selected school of the buffer zone area. In Shree
Bishwanath Singh Adharvuth School presentation on wild water buffalo conservation
was carried to students of grade 4 and 5; while in Sunsari Star English boarding School
presentation was carried to students of grade é and 7. Similarly, conservation
awareness was delivered to students of grade 9 and 10 in Shree Rastriya Madhyamik
School Sohanpur. In Koshi Janta Secondary School, the conservation awareness was
provided to the students of grade 5 and 6. Around 500 students were provided with the
conservation awareness and the desired target was met in numeric terms. As the
schools were geographically far and amidst ongoing Covid situation inter-school quiz
competition could not be held. Therefore, during the presentation, interactive quiz
related to wild water buffalo, Koshi Tappu Wildlife Reserve and wildlife were asked to
the students to make the session more interactive and interesting. After the completion
of the conservation awareness programme, the leaflets on wild water buffalo were
distributed to the students and the posters were pasted in the classrooms and premises
of the school. Few samples of the posters and leaflets were also distributed to the
school administration. An essay competition was held in the Sunsari Star English



boarding School. The students who secured first, second and third position; and
consolation position were provided with cash prize and stationeries. A community
learning and information center (CLIC) was set up in Sunsari Star English Boarding
School with the students of grade 6 and 7 under the supervision of the class teacher.
They were provided with ample stationery material such as chart paper, marker etc.
along with conservational materials such as poster and leaflets. They were encouraged
to conduct the awareness campaign at local level on a regular basis.

e R

Left: Awa eness d"r Shré‘e Bis'hwono’rhns:i'n'gh Adharvuth School. Right: Awareness at Shree
Rastriya Madhyamik School Sohanpur.

Left: Awareness at Sunsari Star English boarding School. Right: Awareness at Koshi
Janta Secondary School

The community awareness was also held for the local residents in various buffer zone
area of the wildlife reserve. Eight groups of local residents were provided with the
conservation awareness. The conservation awareness to local residents consisted of
two groups each in Kusaha, Prakashpur and Kamalpur along with one group each in
Pathari and Haripur. Around 500 local residents were provided with the conservation
awareness and the desired target was met quantitatively. After conservation
awareness each participant were provided with leaflet.

Attitude surveys were held before and after the awareness programme to analyse the
increase in knowledge of the participants and effectiveness of the conservation



programme. This included few simple questions related to the wild water buffalo
conservation. After the conservation awareness programme, almost 90% of the
participants were able to talk about the importance and need of wild water buffalo
conservation and subsequent advantages to the community by actively participating
in the conservation programme. Hence the awareness programme was rated as
effective.
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Left: Pasting conservation posters in the local area. Right: Conservation awareness on
wild water buffalo conservation.
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Left: After the conservation awareness program with the participants. Right: Prize
distribution to winners of essay competition.
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Leaflet on wild water buffalo conservation
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Poster on wild water buffalo conservation

Save Wild Water Buffalo
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