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ABSTRACT

Wildlife damage to agriculture causes significant economic loss worldwide annually. Game managers or
hunters are responsible for the financial compensation of the crop damage caused by game species in several
countries, including Hungary. Accredited experts estimate the level of the damage; however, currently, there
are no standardised methods that would be obligatory to apply. In order to obtain information on the accuracy
and bias of the different sampling methods, we designed GIS simulations in winter wheat (7riticum
aestivum), which covers a significant proportion of the arable land not only in Hungary, but also globally.

We tested two sampling methods with three sampling plot arrangements in a GIS environment. Our questions
were the following: (1) How accurate and biased are the examined samplings? (2) Does the rate or the spatial
distribution of the damage (or the interaction of these factors) affect the results of the investigated methods?
We created 15 wheat field models with 1:2 side ratio, 12 cm row width and the area of 3 ha. We simulated 5
damage rates (10%, 30%, 50%, 70%, 90%) and 3 spatial damage patterns [random, aggregated in 1 and 2
field edges], of which the latter two follow the actual pattern of crop damage caused by big game species. V,
W and X sampling tracks were allocated on each field model, and then they were sampled with square
shaped, 1 m* quadrats and 1 m long row sections (with 5 repetitions). The sample size was 20 and 25 plots,
respectively (determined by the original description of the methods). At the sample plots, the total number of
plants and the number of damaged plants were counted. According to our results, the statistical parameters of
the different samplings were similar; the difference between the best and the poorest values was low. The rate
and spatial distribution of the damage, as well as their interaction, had a significant effect on the estimation of
each quadrat sampling, while the row sections were significantly affected only by the damage distribution (V
and W tracks) or the damage rate (X track). According to our findings however, the difference between the
labour-intensity of the two approaches can be decisive. With the sample sizes in our study, remarkably lower
number of plants had to be examined along the row sections, than in the quadrats. This suggests that the
experts can obtain similar quality results with less effort, if they choose the row section sampling over the
quadrats.

Keywords: Winter wheat, Triticum aestivum, game damage, sampling, damage estimation

INTRODUCTION

Wildlife damage to agriculture causes significant economic loss worldwide annually
(CONOVER, 2002; CSANYI, 2018; MAILLARD et al., 2010; PUTMAN, 2010). According to the
legislation, the game managers or hunters are responsible for the financial compensation of
the crop damage caused by game species in several countries (FINDO and SKUBAN, 2010;
FRACKOWIAK et al., 2013; MAILLARD et al., 2010), including Hungary (BLEIER et al.,
2012a, 2012b). Accredited experts estimate the level of the damage (Act LV., 1996: Act on
Game Conservation, Management and Hunting); however — currently — there are no
standardised methods that would be obligatory to apply. Due to the lack of studies on the
accuracy and bias of the different sampling methods, the experts are often not able to
choose among them on a scientifically sound basis (BALAZS, 2011; BLEIER, 2014). In order
to support them with relevant results, we designed GIS simulations in winter wheat
(Triticum aestivum), which covers a significant proportion of the arable land not only in
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Hungary but also globally. As several game species [e.g. Wild boar (Sus scrofa), Red deer
(Cervus elaphus) and Brown hare (Lepus europaeus)] cause damage to the wheat, it is an
essential plant species regarding the game damage estimation.

In the present study, we tested two sampling methods with three sampling plot
arrangements in a GIS environment. Our questions were the following: (1) How accurate
and biased are the examined samplings? (2) Does the rate or the spatial distribution of the
damage (or the interaction of these factors) affect the results of the investigated methods?

MATERIAL AND METHOD

For the GIS simulations we created 15 wheat field models with 1:2 side ratio and the area
of 3 ha. The field models were based on a point grid with 12 ¢cm row width and 5,000,000
wheat grains/ha (VARGA and KAsSA, 2011), therefore the initial number of points was
14,976,028. In order to simulate the incomplete germination, we deleted a randomly
selected 15% of the points (JAMES and LLOYD, 1995), therefore the total number of points
used in the actual work was 12,729,624,

We simulated 5 damage rates (10%, 30%, 50%, 70%, 90%) and 3 spatial damage patterns
(random, aggregated in 1 and 2 field edges — Figure 1). The aggregated setup simulates the
effect of a neighbouring forest on the actual pattern of crop damage caused by big game
species based on previous field studies (BLEIER et al., 2006, BLEIER et al., 2017, CAl et al.,
2008, DEVAULT et al., 2007, HOFMAN-KAMINSKA and KOWALCZYK, 2012, THURJFELL et
al., 2009). In or study, we created 30 m wide buffer zones along 1 or 2 edges of the field,
in which we allocated min. 80% of the damaged plants. Where the total number of plants
in the buffer zone was less than the 80% of the damaged plants, the buffer zones were
considered as entirely damaged areas.

0
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Figure 1. Simulated spatial patterns of damage distribution: aggregated in 1 (a) and 2 (b) field edges

V, W and X sampling tracks (Figure 2) were allocated on each field model, and then they
were sampled with square shaped, 1 m” quadrats and 1 m long row sections. The sample
size was 20 and 25 plots, respectively (determined by the original description of the
methods: KLATYIK, 2003, KIRALY and MAROSAN, 2016). At the sample plots, the total
number of plants and the number of damaged plants were counted. The damage rate was
calculated as (3, DP /> TP) X 100, where DP was the number of recorded damaged plants
and TP was the total number of wheat individuals observed.
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Figure 1. Arrangement patterns and schematic locations of the quadrats: V (a), W (b), X (¢)

In order to simulate the differences in the samplings conducted by different experts in a
real-life situation, we performed 5 repetitions of the samplings on each field model with
each method. To repeat the samplings, we relocated the quadrats and line sections. This
meant slipping each plot to the same distance and direction (e.g. with 1 m or 1 row
upwards), which allowed us to keep the original spatial arrangement of the sampling.

We characterised the estimations by the Mean Squared Error (MSE), the Standard Error
(SE) and the bias. Before calculating means for these statistical parameters, we tested the
normality of the data of each 5 repetition groups with Kolmogorov-Smirnov test. Two-way
ANOVA was conducted to identify the factors (true damage rate, spatial distribution of the
damage or the interaction of these two values) that have a significant impact on the
Percentage Relative Bias (PRB) of the estimations. Pairwise comparisons were performed
with Tukey post-hoc test.

The GIS simulations were conducted in QGIS 2.18 Las Palmas (QGIS Development Team,
Open Source Geospatial Foundation Project). In the statistical analysis we used R v2.15 (R
Development Core Team) software.

RESULTS

Considering the single estimations, the difference from the true damage rate varied
between -4.9% (1 m line sections with V arrangement, 30% true damage rate, damage
aggregated 1 field edge) and 5.4% (1 m® quadrats with X arrangement, 30% true damage
rate, damage aggregated 1 field edge).

In terms of the calculated parameters (7able 1), the quadrat sampling with W arrangement
provided the majority of best values in the case of each parameter (expected value: 27% of
the best values, MSE: 40%, SE: 47%, bias: 27). Overall, the quadrats with X arrangement
provided most (60%) of the worst values in the case of the estimated damage rate and bias,
while the majority of the poorest values of the SE (67%) and MSE (40%) were resulted by
line section sampling with V arrangement.
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It should be noted that since the bias and mean damage rate values are in direct connection,
these two parameters always show the same method as best and as worst in case of each
spatial damage pattern and damage rate combination.

It is interesting to mention that in the case of SE, only best or neutral values were obtained
with the quadrat samplings, while the line section sampling resulted only the poorest or

neutral values.

Table 1. Damage estimation, MSE, SE and bias of the investigated methods (black background: best
values; gray background: poorest values)

Damage distribution Random Aggregated in 1 field edge Aggregated in 2 field edges
True damage rate (%) 10 30 50 70 920 10 30 50 70 920 10 30 50 70 90
V1011 3016 5015 6976 9014  §87 2565 4731 6828 8938 1032 3105 [RASIAEY 9022
Estimated 1;1:t w CERY 2054 RNTIEEER) sos2  £73 2579 4682 6849 8016 |RREH 3091 5102 70.79 90.10
uadarats
damage X 10.14 3023 5034 70.17 [RERGd 1178 3478 5322 7197 9047 11.17 33.82 54.16 72.52 90.67
(expected .V 1011 4987 7063 8964 867 2574 47.16 6823 89.00 943 |PRRY 4890 6876 9022
- m lime
valie) L W[937 2938 4966 70.12 90.16 7028 9044 1070 31.74 5135 7154 90.61
X 981 2906 5043 69.65 89.66 9.78 2946 4896 7045 [NE
V010 133 1924 745 013 126
lilt W 008 IXEIEEEN 000 166 1783 1029 269 072 [PRENRES
juadrats
e x 049 030 019 021 335 2293 1065 417 148 1465 1743 640 052
MSE -
e V060 254 157 [338 064 384 1540 900 (521 250| 224 143 210 462 0.6
m e
" wloesa 200 188 042 038 050 214 330 277 251 | 008
sections
X 054 295 108 125 029 Rel 0«7 027 150 143 0350 042
OV 034 0.79 049 028 060 052 099 035 045 038 049 028
Im™ 024 0.18 [N 0.18 043
quadrats - _
- X 074 048 045 051 0.37
‘ e V0086 102 139 (195099 [164) 059 108 [162 137 [154 124 105 [197) 038
m lme
o, W 082 142 (1400 072 067 089 072 (150 143 062 143 059 (109 052 |088
X 080 161 106 118 047 078 087 103 098 063 053 123 066 063 072
_ V oll 016 015 024 014 113 435 260 172 062 032 105 ASIRELE 022
13:t w [ o.16 018 127 421 318 -151 084 |[EREN 091 102 079 0.10
uaarats
o 4 X 014 023 034 017 178 478 322 197 047 117 382 416 252 067
1as
e Voot EEB 0157063 036 133 426 254 -177 100 -o57 [EEE 110 124 022
m hine
¢ w063 -062 -034 012 0.16 070 174 135 154 061
sections
X 019 094 043 035 034 (R o022 051 104 043

According to the two-way ANOVA, the rate and the spatial distribution of the damage, as
well as the interaction of these factors had a significant effect on the PRB of the quadrat
samplings with each spatial arrangements. The PRB of the line section samplings was
affected only by the spatial damage distribution (V and W arrangement) or the true damage
rate (X arrangement) (7able 2). The Tukey post-hoc test did not reveal any patterns, the
significant differences distributed variably among the pairwise comparisons.

Table 2. Estimation affecting factors based on two-way ANOVA (***p<0.001; **p<0.01; *p<0.05)

Spatial damage

Rate-distribution

S li thod D t
ampling metho amage rate distribution interaction
V F4=10.511%** F2=206.120%*% F8=29.592%%%*
1 m? quadrats W F4=23.654%%* F2=284.021**% F8=36.216%*~*
X F4=79.576*** F2=128.189**=* F8=19.432%*=*
] Vv NS F2=8.3238**=* NS
1 m line
) / NS F2=8.0766%** NS
sections
X F4=2.9341% NS NS
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CONCLUSIONS

Based on our results, we cannot conclude that any of the examined samplings would be
able to provide remarkably better quality results in general. Consistent under- or
overestimations (when each 5 repetitions shows difference from the true damage rate in the
same direction) were also present in the case of both approaches. After analysing multiple
different statistical parameters, we found that it is variable that which sampling results the
best and the poorest values in the different damage rate and spatial distribution scenarios.
For example, based on the calculated parameters (expected value, SE, MSE, bias), the 1 m?
quadrats provided the best values more often than the 1 m line sections, but on the other
hand, the absolute difference (without ranking) between the performance of the samplings
was often low. Moreover, the PRB of the line section samplings proved to be affected by
less factors than the same parameter of the quadrat estimations.

In summary, we found the applicability of the two estimation principles (quadrats and line
sections) and the three sampling plot arrangements generally similar, which means that one
should look for further aspects to support the selection among the available sampling
approaches. The experts have to consider the sampling efforts (ENGEMAN and STERNER,
2002), therefore the difference between the labour-intensity of the two approaches can be
decisive. In the present study, remarkably lower number of plants (approx. 15% with the
current exact simulated field area and sample sizes) had to be examined along the row
sections, than in the quadrats. This suggests that the experts can obtain similar quality
results with less effort, if they choose the row section sampling over the quadrats.
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