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Abstract: The vegetation grown on grasscretes along channelized rivers have been regularly mown in
Hong Kong. However, no baseline information on the relationship between different mowing regimes
and the biodiversity of such riverbed vegetation is available. We therefore carried out a manipulative
experiment along a channelized river to test the effect of mowing frequency and intensity on the
abundance and species richness of terrestrial biodiversity. We conducted point counts and transect
counts to survey birds, butterflies and Odonates, night surveys for amphibians and reptiles, quadrat
surveys for vegetation and sweep net and pan traps for other macroinvertebrates. The results from
Generalized Linear Mixed Models (GLMMs) showed a taxon-specific effect of mowing regime. Bird
species richness was significantly suppressed in plots mown with high frequency. Both butterfly
abundance and species richness were greatly enhanced by low intensity and low frequency mowing.
Odonate abundance, and the abundance and species richness of other macroinvertebrates remained
high whenever a portion of vegetation was retained as refuge. Amphibians and reptiles did not prefer
to utilize the vegetation grown on grasscretes, and thus showed no impact from different mowing
regimes. The overall species richness of vegetation was not affected by mowing regimes, but the
domination of tall invasive Brachiaria mutica was suppressed by any mowing activity. To cater for the
need of most taxa, we propose a mosaic mowing regime, in which most parts along the channelized
river could be mown infrequently to 600 mm tall while some of the patches remain unmown.

Keywords: biodiversity conservation; engineered channels; flood management; floodplain; mowing
regime; river; vegetation management

1. Introduction

In response to the rising awareness of biodiversity conservation, green channel designs
such as rip-rap lining or grasscrete have been incorporated into drainage projects as alter-
natives to traditional concrete cover in many channelized lowland rivers, including those
in Hong Kong [1,2]. These would enable vegetation to grow on the engineered riverbed,
which supports other wildlife. Meanwhile, regular mowing along the channelized rivers is
required to maintain the vegetation height for regulating flood prevention capacity and
aesthetic enhancement. It would be ideal to further enhance biodiversity by implement-
ing an optimal mowing regime (that is, with the optimal mowing frequency and height)
without compromising the aforementioned goals.

Currently, there is no baseline information on the relationship between different mow-
ing regimes and biodiversity of such riverbed vegetation. Most research on the effect
of mowing regimes on biodiversity were conducted on agricultural, urbanized or natu-
ral grasslands [3-5], in which numerous environmental factors such as the association
with river and soil properties are totally different from those along engineered channels.
Furthermore, around 90% of these research projects on mowing regimes were conducted

Sustainability 2022, 14, 4002. https:/ /doi.org/10.3390/su14074002

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su14074002
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-2099-1046
https://doi.org/10.3390/su14074002
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14074002?type=check_update&version=2

Sustainability 2022, 14, 4002

20f16

in temperate regions in Europe and North America [5]. Given the great differences in
composition and adaptations of the species and the climate between Hong Kong (a sub-
tropical city) and those from the temperate Holoarctic region, the recommended mowing
regimes in these regions may not be suitable for Hong Kong and other non-temperate areas.
A study is therefore needed to test different mowing regimes for providing useful results
in the formulation of future mowing practices benefiting biodiversity along engineered
channels. Moreover, since very limited information on the fauna and flora in riverbed
vegetation along channelized rivers are available, opportunities could be taken to perform
a post-establishment ecological study on the selected green channel.

By carrying out a manipulative experiment at a channelized river site in the New
Territories of Hong Kong, this study was commissioned to provide ecological data of
riverbed vegetation under different mowing height and frequency for developing future
zonal manipulation schemes. Specifically, this study has the following aims: (1) to generate
the baseline information on the biodiversity of channelized riverbed vegetation, (2) to study
the changes in fauna and flora communities in the riverbed vegetation under different
mowing regimes (and controls) and (3) to recommend mowing considerations that optimize
biodiversity in the tested channelized river habitat.

2. Materials and Methods
2.1. Study Site

A section of Tan Shan River next to Ko Po North (22.51453° N, 114.16455° E) in the
New Territories of Hong Kong SAR was selected as the study site for the zonal manip-
ulative experiment from June 2020 to April 2021 (Figure 1A). The site has a subtropical
monsoonal climate composed of a wet summer and a dry winter, with a monthly minimum
mean temperature of around 15 °C in January (winter) and a monthly maximum mean
temperature of around 28 °C in July (summer). The annual rainfall is around 1900 mm.
Rip-rap lining, grassed cellular concrete paving (grasscrete) and hydroseeding were ap-
plied on the riverbed at both sides of the low-flow channel in 2011. The seed mixture
used in hydroseeding was dominated by Cynodon dactylon (native), Paspalum notatum
(exotic) and Lolium perenne (exotic) [6]. The bottom of the low-flow channel was con-
verted into concrete, whereas the riverbed was covered by rip-rap lining and grasscrete
paving, which are now dominated by exotic weeds such as Bidens alba, Brachiaria mutica
and Wedelia trilobata, together with some native herbaceous plants such as Commelina diffusa
and Callipteris esculenta.

2.2. Experimental Set Up

The study site was divided into three zones, each with four treatment plots (i.e.,
Treatment A to D) and a control plot arranged randomly (Figure 1C). The plot area was on
average 139 m? (4-SE 14 m?). To investigate the effect of mowing frequency, Treatments A
and B, representing treatments with higher mowing frequencies, were mowed once every
month in the wet season from June to October and once every two months in the dry season
from November to April. On the other hand, Treatments C and D, representing treatments
with low mowing frequencies, were mowed once every three months throughout the study
period (Table 1). To examine the effect of mowing intensity, Treatment A and C were
mowed to the ground level while Treatment B and D were mowed to a higher vegetation
height at around 600 mm. No mowing was applied to the control plots. A minimum of 1 m
vegetation free buffer strip was maintained between all field plots.
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Figure 1. (A) Location of the study site. (B) Overview of the study site. (C) Layout of the experimental
plots in the study site. A minimum of 1 m of cut-down-to-ground strip will be maintained between
each plot as a buffer.

Table 1. The four experimental treatments with different mowing regimes. Each with three replicates
(i.e., three zones).

High Mowing Intensity
Treatment A
Mowed once every month
(March to October) or once
every two months (November
to February) to the
ground level.

Low Mowing Intensity

High mowing frequency

Low mowing frequency

2.3. Biodiversity Monitoring

Monthly ecological surveys were conducted for each plot during the study period
from June 2020 to April 2021, targeting birds, amphibians and reptiles, butterflies, Odonates,
terrestrial macroinvertebrates and plants. Two additional surveys were conducted for plots
that had been mowed in the respective months (see Section 2.4 for details, and see Table S1
for more details in survey dates). To enhance the understanding of biodiversity within the
study area, casual observations for all taxa except terrestrial macroinvertebrates and plants
made outside the treatment plots during the surveys were recorded as ‘general records’ for
each survey.

2.4. Monthly Surveys

Monthly surveys were conducted in all plots targeting the taxa mentioned above
(Table 2). In each month, both vegetation and fauna surveys were conducted. Five survey
methods were employed for fauna—(a) point count, (b) transect count, (c) night survey,
(d) sweep net and (e) pan-trap (Table 2). Two additional fauna surveys, including methods
(a), (b), (c) and (d), were conducted in plots that had been mowed in the respective months.
All the fauna surveys using (a) to (e) were conducted within 7 days after mowing.
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Table 2. Target taxa of each surveying method employed for monthly surveys during the

study period.
Methods/Target Taxa Birds Amphibians Reptiles  Butterflies Odonates Othef Terrestrial Plants
Macroinvertebrates
Point count * v v v
Transect count * v v v
Sweep net * v v v
Pan trap v
Night survey #* v v

Vegetation survey

&

v

* Apart from monthly surveys, two additional surveys were conducted for plots that had been mowed in the
respective months. # Only conducted in wet season (June-September). ¢ A vegetation survey was conducted at
the early beginning of this project prior to any mowing, during which a complete inventory of plant species was
recorded for the whole study site.

2.5. Vegetation Surveys

The monthly vegetation survey was conducted at least three weeks after mowing.
During each survey, three 1 m x 1 m quadrats were set randomly in each plot, where
the percentage coverage and height of each species, except for climbers, were recorded.
In addition, rare, protected or threatened plant species were recorded with GPS locations
whenever they were discovered within the study, as they were throughout the study.

2.6. Fauna Surveys
2.6.1. Point Count (Birds, Butterflies and Odonates)

All point count surveys were conducted between 9 am and 11 am. All plots were
monitored simultaneously by two groups of surveyors with binoculars for 30 min. Only
target taxa using the plots (e.g., foraging, resting, hiding or landing) were identified and
recorded. During the surveys, surveyors were positioned high on top of the gabion wall to
ensure visual coverage of all plots.

2.6.2. Transect Count (Birds, Butterflies and Odonates)

A five-minute random walk within each plot was used to flush out the target taxa,
which were identified and recorded with the aid of binoculars. As in the point count, only
target taxa using the plots were recorded.

2.6.3. Sweep Net (Butterflies, Odonates and Other Terrestrial Macroinvertebrates)

A total of six sweeps were made at the height of the vegetation of each plot with a
circular sweep net (diameter: 30 cm; mesh size: 1 mm) while walking at a constant speed.
Captured macroinvertebrates were transferred into a zip-lock bag and placed into an ice
bag immediately to inhibit sample loss caused by predation. The sweep net samples were
brought back to a laboratory for further identification.

2.6.4. Night Surveys (Amphibians and Reptiles)

Call survey and transect walk were conducted during the night survey for amphibians
and reptiles during the wet season (June-September). In each survey, surveyors stood at
the center of the study site with the light off and listened to frog calls for 10 min prior to
the transect count. Calls heard were identified and recorded for each plot. Afterwards,
a random transect walk within each plot was conducted, and the target taxa encountered
were recorded.
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2.6.5. Pan Trap (Other Terrestrial Macroinvertebrates)

Four colored pan traps 13 cm in diameter and 6 cm deep, painted with UV-bright
fluorescent paints (red, yellow, blue and white), were installed randomly on two metal
poles within each plot at the height of the vegetation. The variety of colors used aimed
at collecting a wider range of floral-visiting arthropods [7,8]. Each pan trap contained
soap water as the killing agent, and holes were drilled near the upper margin to prevent
overflow of specimens during rain. In each survey, the trap was left in the field for 24-48 h,
and specimens inside the traps were then sieved through a kitchen strainer (mesh size of
0.5 mm). Next, the sieved materials were transferred into a 100 mL container using 70%
ethanol. The samples were then brought back to the laboratory for further identification.

2.7. Data Analysis

To investigate the effects of mowing regimes on fauna and flora biodiversity across
seasons, Generalized Linear Mixed Models (GLMMSs) were constructed with species rich-
ness and abundance of each taxon as the dependent variables, and “Treatment’, ‘Season’
and their interaction term as independent variables using the R package glmmTMB. ‘Season’
was defined as below: May-August was regarded as the “Wet season’, September—October
and March-April as the “Transitional season” and ‘November-February” as the ‘Dry season’.
‘Zone’ was incorporated into the model as covariate and ‘Month” was used as the random
factor. For macroinvertebrates, the sampling methods, i.e., sweep net vs. pan trap, were
added to the model as an independent variable. Whenever treatment effect was significant,
comparison across treatments was carried out by calculating the least-squares means using
the R package emmeans.

3. Results
3.1. Overview

A total of 85 taxa of amphibians and reptiles, birds, butterflies and Odonates were
recorded utilizing treatments or control plots between June 2020 and April 2021, which
included four amphibians, three reptiles, 15 birds, 43 butterflies and 20 Odonates, 12 of
which (out of the 85 taxa) were species of conservation concern (Table S1). These included
one bird species, Cisticola juncidis, which was listed as being of “Local Concern” by Fel-
lowes et al. [9]. Nine butterfly species are considered by the Agriculture, Fisheries and
Conservation Department (AFCD) [10] of Hong Kong either as “Uncommon” (Ampittia
dioscorides etura, Danaus chrysippus chrysippus, Euchrysops cnejus cnejus and Hypolimnas misip-
pus (also listed as “Local Concern” by Fellowes et al. [9])), “Rare” (Aeromachus jhora, Pieris
rapae crucivora and Udaspes folus), or “Very Rare” (Catochrysops strabo strabo and Polygonia
c-aureum c-aureum (also classified as species of conservation concern by AFCD [10]). Lastly,
two Odonate species, Onychothemis tonkinensis (also listed as “Uncommon by AFCD [10])
and Paracercion calamorum, were listed as “Local Concern” [9].

For other terrestrial macroinvertebrates, a total of 673 morphospecies in 181 fami-
lies and 19 orders were recorded from samples from the sweep net (509 morphospecies;
Table S2) and the pan trap (372 morphospecies; Table S3). Hymenoptera had the highest
diversity, with 229 species recorded. In terms of abundance, the majority of macroinver-
tebrates collected were Hemiptera (16,660 individuals; 107 species), followed by Diptera
(10,684; 119 species).

For the vegetation survey, thirty-nine species of plants were recorded; 19 of them
were native and 20 were exotic. All plots were mainly dominated by four species of
plants (Table S4), which are Bidens alba (exotic), Brachiaria mutica (exotic), Callipteris esculenta
(native) and Wedelia trilobata (exotic).
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3.2. The Effects of Mowing Regimes on Birds

A total of 154 individuals of birds were recorded from the point and transect count
surveys. The monthly mean abundance for each treatment (including the control) ranged
from 0 to 3, while that of the mean richness ranged from 0 to 1. The results of the
GLMMs suggested that abundance (Chisq = 13.151, p = 0.011) and richness of birds
(Chisq = 20.865, p < 0.001) were significantly affected by treatment with Control hav-
ing significantly higher bird richness than frequently mown plots (GLMMs: A—Control:
t.ratio = —0.842, p = 0.043; B-Control: t.ratio = —1.353, p = 0.002) (Figure 2 and Table 3).
In terms of abundance, Control was only significantly higher than that of Treatment B
(B—Control: t.ratio = —1.097, p = 0.031). While season itself was significantly affecting bird
species richness (Chisq = 13.094, p = 0.001), the effect of treatment was consistent across the
seasons as the interaction term between season and treatment was not significant.

>
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Figure 2. Predicted value from the Generalized Linear Mixed Models (GLMMs) on (A) abundance
and (B) richness of birds, butterflies and Odonates across treatments. All models used abundance
or richness as dependent variables, with ‘“Treatment’, ‘Season’ and their interaction term set as
independent variables. ‘Zone” was incorporated into the model as covariate, and ‘Month’ was used
as the random factor. Error bar indicates the 95% confident intervals.

3.3. The Effects of Mowing Regimes on Butterflies

A total of 616 individual butterflies were recorded from the point and transect count
surveys. The monthly mean abundance for each treatment (including the control) ranged
from 0 to 7, while that of the mean richness ranged from 0 to 4.67. The results of the
GLMMs suggested that abundance (Chisq = 27.033, p < 0.001) and species richness of
butterflies (Chisq = 27.474, p < 0.001) were significantly affected by treatment with treat-
ment D (i.e.,, low mowing intensity and frequency), having significant higher butter-
fly abundance than all other treatments and Control (GLMMs: A-D: t.ratio = —4.336,
p <0.001; B-D: tratio = —4.615, p < 0.001; C-D: t.ratio = —2.812, p = 0.041; Control-D:
tratio = —3.187, p = 0.013) (Figure 2 and Table 3). Butterfly richness in Treatment D was
also significantly higher than that in other treatments and Control except for Treatment
C (GLMMs: A-D: tratio = —4.155, p < 0.001; B-D: t.ratio = —4.734, p < 0.001; Control-D:
t.ratio = —2.993, p = 0.024). The effect of treatment was consistent across seasons.
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Table 3. Summary of the results of the Generalized Linear Mixed Models (GLMMs) and the post-hoc test calculated using least-square means. Post-hoc test

for a particular taxon was done only if significant effect of “Treatment” was detected in the respective GLMMs. The analysis for ‘Other macroinvertebrates” was

done by combining the data collected from the sweep net and the pan traps, and the effect of the capturing method was represented in the model as "‘Method’.
*” indicates 0.05 > p > 0.01, “**’ represents 0.01 > p > 0.001, and “***" indicates p > 0.001.

GLMMs
Abundance Species Richness
Taxa Chisq df p-value Chisq df p-value
) Treatment 13.151 4 0.011 * Treatment 20.865 4 <0.001 e
Birds Season 3.379 2 0.157 Season 13.094 2 0.001 **
Butterflies Treatment 27.033 4 <0.001 o Treatment 27.474 4 <0.001 o
Season 18.958 2 <0.001 ok Season 17.356 2 <0.001 ok
Odonates Treatment 27.561 4 <0.001 o Treatment 15.645 4 0.003 **
Season 33.220 2 <0.001 i Season 28.059 2 <0.001 il
Treatment 2487.390 4 <0.001 ok Treatment 94.571 4 <0.001 e
Other macro-invertebrates Season 15.826 2 <0.001 Season 28.819 2 <0.001
Method 3478.240 1 <0.001 i Method 204.763 1 <0.001 i
Vegetation Treatment 6.617 4 0.158 Treatment /
Season 5.284 2 0.071 Season
Post-hoc test: Least square means
Estimate SE df t.ratio p-value Estimate SE df t.ratio p-value
A-B 0.272 0.422 358 0.647 0.967 A-B 0.511 0.422 359 1.212 0.745
A-C —0.686 0.403 358 —1.699 0.436 A-C —0.239 0.372 359 —0.643 0.968
A-D <0.001 0.439 358 <0.001 1.000 A-D 0.097 0.409 359 0.237 0.999
Birds A—Control —0.825 0.352 358 —2.341 0.135 A—Control —0.842 0.301 359 —2.796 0.043 *
B-C —0.958 0.424 358 —2.259 0.161 B-C —0.750 0.428 359 —1.753 0.403
B-D —-0.272 0.459 358 —0.593 0.976 B-D —0.413 0.460 359 —0.899 0.897
B-Control —1.097 0.377 358 —2912 0.031 B-Control —1.353 0.368 359 —3.680 0.002 >
C-D 0.685 0.433 358 1.584 0.509 C-D 0.336 0.414 359 0.813 0.927
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Table 3. Cont.

GLMMs
Abundance Species Richness
C—Control —0.139 0.352 358 —0.395 0.995 C—Control —0.603 0.308 359 —1.959 0.288
Control-D 0.825 0.391 358 2.108 0.219 Control-D 0.940 0.351 359 2.676 0.060
A-B 0.064 0.181 358 0.352 0.997 A-B 0.121 0.174 359 0.696 0.957
A-C —0.250 0.191 358 —1.310 0.685 A-C —0.243 0.183 359 —1.328 0.674
A-D —0.768 0.177 358 —4.336  <0.001 e A-D —0.683 0.164 359 —4.155  <0.001 e
A-Control —0.253 0.165 358 —1.532 0.542 A-Control —0.244 0.155 359 —1.576 0.514
Butterflies B-C —-0.314 0.194 358 —1.618 0.489 B-C —0.364 0.188 359 —1.939 0.299
B-D —0.832 0.180 358 —4.615  <0.001 e B-D —0.805 0.170 359 —4.734  <0.001 e
B—Control —0.317 0.168 358 —1.885 0.327 B-Control —0.365 0.161 359 —2.274 0.156
C-D —0.518 0.184 358 —2.812 0.041 * C-D —0.441 0.171 359 —2.572 0.078
C—Control —0.003 0.177 358 —0.015 1.000 C—Control —0.001 0.167 359 —0.006 1.000
Control-D -0.515 0.162 358 -3.187 0.013 * Control-D —0.440 0.147 359 —2.993 0.024 *
A-B —0.969 0.229 358 —4.237 <0.001 B A-B —0.747 0.202 359 —3.693 0.002 **
A-C —0.377 0.275 358 —1.369 0.648 A-C —0.473 0.236 359 —2.001 0.268
A-D —1.073 0.250 358 —4296  <0.001 i A-D —0.733 0.223 359 —3.291 0.010 *
A—Control —0.923 0.230 358 —4.012 <0.001 o A—Control —0.566 0.208 359 —2.714 0.054
Odonates BC 0.592 0.249 358 2.375 0.125 B-C 0.275 0.203 359 1.354 0.658
B-D —0.104 0.215 358 —0.482 0.989 B-D 0.014 0.187 359 0.077 1.000
B-Control 0.046 0.195 358 0.237 0.999 B-Control 0.182 0.170 359 1.070 0.822
C-D —0.696 0.263 358 —2.644 0.065 C-D —0.260 0.219 359 —1.190 0.757
C—Control —0.546 0.247 358 —2.209 0.179 C—Control —0.093 0.209 359 —0.445 0.992

Control-D —0.150 0.217 358 —0.693 0.958 Control-D —0.167 0.193 359 —0.865 0.910
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Table 3. Cont.

GLMMs
Abundance Species Richness

A-B —0.380 0.018 494 —21.110  <0.001 B A-B —0.183 0.034 494 —5.465 <0.001 R
A-C 0.239 0.022 494 10.657 <0.001 e A-C 0.135 0.039 494 3.422 0.006 o
A-D —0.392 0.019 494 —35.337  <0.001 e A-D —0.145 0.036 494 —-3.969 <0.001 e
A—Control —0.595 0.017 494 —20.573  <0.001 B A—Control —0.137 0.033 494 —4.139 <0.001 B
Other macro-invertebrates B-C 0.619 0.021 494 29.463 <0.001 e B-C 0.317 0.038 494 8.363 <0.001 e

B-D —0.012 0.017 494 —0.696 0.957 B-D 0.039 0.035 494 1.103 0.805

B-Control —0.215 0.015 494 —14.410  <0.001 B B-Control 0.047 0.031 494 1.485 0.573
C-D —0.631 0.021 494 —29.614  <0.001 ok C-D —-0.279 0.040 494 —7.023 <0.001 b
C—Control —0.834 0.020 494 —42.208  <0.001 e C—Control —-0.271 0.037 494 —7.273 <0.001 e

Control-D 0.203 0.016 494 12.794 <0.001 B Control-D —0.008 0.034 494 —0.235 0.999
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3.4. The Effects of Mowing Regimes on Odonates

A total of 501 individual Odonates were recorded from the point and transect count
surveys. The monthly mean abundance for each treatment (including the control) ranged
from 0 to 7.1, while that of the mean richness ranged from 0 to 2.2. The results of the GLMMs
suggested that the abundance of Odonates was significantly higher for Treatment B, D and
Control than Treatment A (GLMMs: A-B: t.ratio = —4.237, p < 0.001; A-D: t.ratio = —4.296,
p < 0.001; A-Control: t.ratio = —4012, p < 0.001. Table 3). Species richness of Treatment B
and D were significantly higher than Treatment A (A-B: t.ratio = —3.693, p = 0.002; A-D:
tratio = —3.291, p = 0.010), but were not significantly different from those of Control and
Treatment C (Figure 2 and Table 3). No interaction was detected between the effects of
treatment and season.

3.5. The Effects of Mowing Regimes on Amphibians and Reptiles

A total of 16 individual amphibians and reptiles were recorded from only eight plots
(out of the 15 treatment and control plots) during the night surveys between June and
September 2020. The monthly mean abundance of amphibians and reptiles (mean across
the three zones) for each treatment (including the control) ranged from 0 to 1.33, while
that of the mean richness ranged from 0 to 1. Given that amphibians and reptiles were not
found at almost half of the plots, the data were insufficient for any meaningful statistical
analysis. Thus, statistical analyses were not conducted for amphibians and reptiles.

3.6. The Effect of Mowing Regimes on Other Terrestrial Macroinvertebrates

A total of 29,091 individual terrestrial macroinvertebrates were collected from the
sweep net samples, representing 509 morphospecies in 155 families and 19 orders. Species
abundance per sample ranged from 2 to 972 individuals with an average of 82.2, while
species richness per sample ranged from 1 to 56 species, with an average of 18.2. For pan
traps, 4852 individuals macroinvertebrates were collected, and 372 morphospecies in
136 families and 17 orders were identified. The species abundance per trap ranged from 0
to 275, with an average of 8.11 individuals, while the species richness recorded per trap
ranged from 0 to 33 species, with an average of 3.98.

The results of the GLMMs suggested that Control plots had the highest macroinvertebrate
abundance (GLMMSs: A—Control: t.ratio = —20.573, p < 0.001; B-Control: t.ratio = —14.410,
p <0.001; C—Control: t.ratio = —42.208, p < 0.001; Control-D: t.ratio =12.794, p < 0.001),
followed by Treatment B and D (i.e., low mowing intensity), and then Treatment A followed
by C (i.e., high mowing intensity; Figure 3 and Table 3). In terms of species richness,
Treatment B, D and Control harbored significantly higher diversity of macroinvertebrates
than Treatment A and lastly C.

3.7. The Effect of Mowing Regimes on Vegetation

The overall species richness (i.e., cumulative species list) was higher for Treatment A
(26 species), Treatment C (24 species) and Control (24 species) than Treatment B (18 species)
and D (19 species). However, the results of the GLMMs suggested that flora richness was
not significantly affected by treatment and season (Figure 4 and Table 3). Nevertheless,
in terms of vegetation height, the height of the dominating and invasive tall grass Brachiaria
mutica was suppressed in any mown plots (Table S5).
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Figure 3. Predicted value from the Generalized Linear Mixed Models (GLMMs) on abundance and
richness of terrestrial macroinvertebrates across Treatments (A,B). The models used abundance or
richness as dependent variables, with ‘collection methods’, “Treatment’, ‘Season” and their interaction
term set as independent variables. ‘Zone” was incorporated into the model as covariate and ‘Month’
was used as the random factor. Error bar indicates the 95% confident intervals.
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Figure 4. Predicted value from the Generalized Linear Mixed Models (GLMMs) on the species
richness of vegetation across treatments. Species richness was as dependent variables, with “Treat-
ment’, ‘Season’ and their interaction term set as independent variables. ‘Zone” was incorporated
into the model as covariate and “‘Month’ was used as the random factor. Error bar indicates the 95%
confident intervals.

4. Discussion
4.1. Overall Response of Local Biodiversity to Mowing Regimes

Overall, the response of local biodiversity to different mowing regimes was taxon-
specific. None of the treatment was favourable to all studied taxa. However, all taxa were
either not affected (butterflies) or suppressed (birds, Odonates and other macroinverte-
brates) by high intensity mowing in Treatment A and C. It was clear that high intensity
mowing at the ground level, which is the current management strategy in Hong Kong, was
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not a favourable management practice from a biodiversity point of view. We acknowledge
the potential effects of the close-proximity of the experimental plots and the relatively
small size of plots. Despite these confounding effects that are expected to minimize the
effect of treatments, significantly different responses from different taxa were still detected.
The response of each taxon to various mowing regimes are discussed as follows.

4.2. Birds’ Preference for Infrequent Mowing Regime

Bird diversity was negatively impacted by frequent mowing, regardless of the mow-
ing intensity. This suggested that excessive human disturbance from frequent mowing
may deter birds from utilizing resources from the riverbed vegetation. As in many other
studies, bird species richness has been shown to be negatively affected by human distur-
bance, especially for migrant species [11,12]. Infrequent mowing regimes shall therefore be
implemented to retain bird diversity along the channelized rivers.

In addition, frequent mowing was particularly detrimental to birds nesting among
tall grass. For instance, we have seen Prinia flaviventris carrying nest-building materials
into the long grass, implying their use of the long grass along the engineered channel as a
breeding site. Frequent mowing not only directly destroyed the nests and offspring, but also
prevented these grass-dependent birds from accessing the breeding habitat [13]. Thus,
retention of some uncut patches may provide breeding grounds for these grass-dependent
small passerines.

4.3. Odonates’ Preference for Low Intensity Mowing Regime

Regardless of the mowing frequency, Odonate diversity was higher in low mowing
intensity and unmown plots. This can be explained by the need for shelter and perching
sites. As shown in Harabi$ [14], when the vegetation was mown intensively (i.e., to ground
level in Treatments A and C), Odonates were deprived from shelter and vegetative hunting
platforms, and thus Odonates showed a lower preference for bare plots.

4.4. Enhancement of Butterfly Diversity by Mowing Regime with Low Mowing Intensity
and Frequency

Plots with low mowing intensity and low mowing frequency harbored the highest
butterfly diversity. This elevated diversity includes a number of species with conservation
concerns. Seven out of the nine butterfly species with conservation concerns recorded
in this study were recorded in plots of Treatment D (Table S1). The rare Udaspes folus,
for example, was only recorded in a plot of Treatment D. In addition, most of the records
(3/5) of the uncommon Hypolimnas misippus with Local Concern were also taken from
plots of Treatment D. These results are similar to the findings of Uchida and Ushimaru [15],
who found the highest butterfly diversity at intermediate mowing frequency (mown every
six to four months). The higher butterfly diversity might be due to the larger supply of
nectary source provided by the increased flower and host plant densities after mowing.
As more time was available for growth and regeneration from the previous mow, flowers
are more likely to reach maturity and thus more nectar is available [15]. We observed more
flowers, particularly for the exotic weed Bidens alba, in plots with low mowing frequency
and intensity, thus attracting more butterflies. Our study is the first to show that retention
of a certain vegetation height may further enhance butterfly diversity in addition to low
mowing frequency.

Meanwhile, the domination by tall and dense invasive Brachiaria mutica in unmown
plots has deprived flowering plants of access to sunlight and growing space, and has
caused a reduction in detection chance by floral visitors including butterflies. Therefore,
lower butterfly diversity was recorded from unmown plots than in plots with low mowing
intensity and frequency.
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4.5. Low Utility of Grasscrete Vegetation by Amphibians and Reptiles

Due to the low number of observations for amphibians and reptiles across all plots
(only 19 individuals from eight plots), no conclusion can be drawn on the effect of mowing
regimes on these taxa. This low number of observations suggests that amphibians and
reptiles living along the engineered channels do not prefer to use the vegetation grown on
rip-rap lining and grasscretes. Instead, they were more often observed staying amongst
submerged vegetation along the edge of the channelized river (for frogs), amongst crevices
of exposed boulders (for geckos and skinks) and around mud pools.

4.6. Macroinvertebrates’ Preference for Low Intensity Mowing Regime and Unmown Areas

Higher macroinvertebrate species richness was recorded in plots with low intensity of
mowing, as well as in unmown plots. When vegetation was mown to ground level, most
macroinvertebrates living on grasscretes lost the vegetation that served as shelter, food and
breeding sites [16]. Consequently, a significantly lower macroinvertebrate diversity was
found in plots with high intensity of mowing. In contrast, the retention of a layer of vegeta-
tion under low mowing intensity regimes provides refuge for various macroinvertebrates
to survive [17], and thus boosts macroinvertebrate diversity.

When comparing low mowing intensity plots with unmown plots, the macroinverte-
brates diversity did not differ. Yet, the abundance of macroinvertebrates in unmown plots
was significantly higher. This may be due to the higher vegetation biomass and surface
area available as food, shelter and breeding ground [16].

4.7. Effect of Mowing Regimes on Vegetation

The overall effect of treatment on vegetation diversity, if taking only the species rich-
ness into account, was inconclusive because of the great variation in vegetation composition
within and across treatments. The difference in vegetation, especially for the dominating
species, was likely to be caused by the vegetation history specific to each plot. Once the
dominating species have settled in each plot before the start of the study, the dominating
plant species within each plot remained competitive across the ten-month study period.
Noticeably, the dominating species differed across zones. For instance, plots in Zone 2 (ex-
cept for the Control plot) have been particularly dominated by Wedelia trilobata throughout
the study regardless of the mowing treatment, resulting in an average coverage of 23.83%
across the Zone 2 plots, whereas those in Zone 1 and 3 were 5.00% and 2.30%, respectively.
The huge variation in vegetation composition across plots has masked the effect of mowing
regimes on vegetation diversity, leading to inconclusive results from our study. It is also
worth noticing that none of the predominant species used during hydroseeding, which
are Cynodon dactylon, Paspalum notatum and Lolium perenne, respectively [6], has been es-
tablished in the plots throughout the experimental period (Table S5). Thus, hydroseeding
performed before the start of experiment is believed to have no effect on the vegetation
community composition in our study.

Nevertheless, it was revealed that total removal of vegetation is not favourable for di-
versity of butterflies, Odonates and macroinvertebrates because these fauna groups require
vegetation for food source, shelter, perching sites and breeding grounds. Having said that,
it was observed that mowing would favour some flowering groundcover by inhibiting
domination by Brachiaria mutica, hence attracting butterflies and some macroinvertebrates
that rely on flowering plants for food.

4.8. Recommended Mowing Regime

Based on the discussions above, with regards to the higher diversity of Odonates,
butterflies and macroinvertebrates in plots with low mowing intensity, it is suggested to
retain a certain vegetation height during mowing. In addition, since butterfly diversity
was highly enhanced by the lower mowing frequency through promotion of flowering
groundcover, it is recommended to mow the vegetation infrequently.
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Although all taxa except for amphibians and reptiles are favored by the mowing at
low frequency and intensity, we propose a mosaic mowing regime to cater for the needs
of grass-dependent taxa such as some bush-nesting passerines. Apart from using low
intensity and low frequency mowing to manage most parts of the vegetation along the en-
gineered channels, patches of unmown riverbed vegetation could be maintained to provide
suitable habitats and breeding sites for tall grass specialist birds and macroinvertebrates.
Retention of patches of unmown grass within mown areas has been shown to benefit
macroinvertebrate diversity by increasing habitat heterogeneity and providing refuge for
grass-dependent specialists [17-19]. Thus, patches of unmown area could be preserved
within the mown vegetation.

The mowing regimes at different areas of the riverbed could be decided depending
on the land use beyond the riverbanks. Areas nearer to orchards, farmland or natural
vegetation may be more suitable for unmown or low intensity/frequency mowing as
wildlife could move between the riparian and the riverbed vegetation. Areas nearer to
houses may be mowed more frequently with higher intensity, as complaints often come
from residents along the riverbanks.

4.9. Limitations

The lack of treatment representing further lower mowing frequency is one of the
biggest limitations of our study. The ‘low mowing frequency’ defined in our study was
considered relatively frequent in most other research (e.g., [15,20]). A few studies from
the temperate regions have revealed an optimal mowing frequency of once to twice a
year [3,20]. However, whether the optimal mowing frequency used in the temperate region
is applicable in subtropical areas such as Hong Kong remains unknown. Future research is
therefore needed to test the effect of mowing regimes with lower mowing frequency on
local biodiversity.

In addition, with regards to the close-proximity between plots and the relatively
small size of plots in this study, future research should increase the plot size and separate
the experimental plots further from each other. A longer monitoring period is recom-
mended for capturing essential yearly fluctuation in biodiversity in vegetation along the
channelized riverbed.

4.10. Other Recommendations for Enhancing Biodiversity along Engineered Channels

Other than the mosaic mowing regime suggested above, a few recommendations for
further boosting biodiversity along engineered channels are listed as follows.

Adding poles or dead branches amongst or next to the grasscrete vegetation may
attract predatory birds to utilize the resources within the vegetation. Lanius schach and
Saxicola stejnegeri, which made up 6.5% and 41.8% of the total records of birds visiting the
experimental plots, respectively (Table S1), were observed perching on the bamboo poles
for marking the boundaries of each plot before they dived into the riverbed vegetation
in search for food. Inserting a few poles or any similar structure along the engineered
channels can therefore attract more birds.

The spread of invasive weeds on the water surfaces such as Eichhornia crassipes has
substantially reduced the utility of nearby vegetation for Odonates. It is strongly recom-
mended to remove surface-covering invasive plants regularly to maintain the open hunting
ground above the river surface for Odonates.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su14074002/s1, Table S1: Mowing and survey dates; Table S2:
Species list of fauna surveys; Tables S3 and S4: Species list of sweep net and pan trap; Table S5:
Species list of vegetation survey; Table S6: Changes in vegetation height of the six dominating species
in different seasons and treatment plots.
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