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Abstract

The conservation status of the Red-bellied Annulate Keelback (Trimerodytes annularis) has been
upgraded to Endangered Species, making it a first-class protected wild species in Taiwan, with a
scattered and limited distribution in the country and a low population. The Bamboo Lake population
of the Red-bellied Annulate Keelback in Yangmingshan National Park represents the only known
stable population in Taiwan and plays a crucial role in the conservation efforts for this species.
However, due to changes in agricultural practices and inappropriate soil and water conservation
projects, suitable habitats in the core areas of the region have been continuously reduced and degraded.

According to survey results, the Bamboo Lake population has declined from 256 individuals in
2019 to only 98 individuals in 2023. The population is facing a critical situation, requiring urgent
conservation efforts to prevent extinction within a few years. In response, Yangmingshan National
Park Administration not only continues population monitoring but also explofres the.feasibility of
ecological services payment strategies. Additionally, efforts are made to obtain management rights to
public land adjacent to the core habitat to evaluate various effective metho@s®for/ population
rehabilitation.

The main tasks, survey results, and recommendations of the project are @s‘follows:

1. Continuous Monitoring: Conduct monthly surveys and. eelogical monitoring of the core
area of the Red-bellied Annulate Keelback habitat. Integrate historical survey data to review
population trends.

2. Ecological Services Payment Scheme: Develop an‘ecological services payment reward
program for the Bamboo Lake area in Yangmirigshan National Park. The initial draft of the
reward scheme was proposed in May 2022, pending confirmation and announcement by the
park management.

3. Pilot Program for Farmers: Implementia pilot program involving local farmers in the
Bamboo Lake area who are willing,to participate. They can apply for ecological services
payment rewards by assisting~in#maintaining and creating suitable habitats for the Red-
bellied Annulate Keelback in paddy fields.

4. Habitat Improvement®Plan and.design habitat improvement for vacant fields owned by the
park administrationyithin'the area. Develop principles for habitat creation and improvement
based on the population's needs.

5.  Management Strategies: Propose operational strategies for the conservation of the Red-
bellied Annulate Keelback in the Bamboo Lake area. Evaluate and suggest improvements
for the ecological services payment reward mechanism during the trial period. The
conservation plan considers short, medium, and long-term goals, aiming to stabilize and
restore the population over different timeframes
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# 5+1998-2023 £33 & T RIH B ISP L w3 3 P TR P A IR R LB 2 0w Rl 2 1L R

1998 2000 2001 2012 2014 2019 2020 2021 2022 2023
Overall sex ratio (=
Male /(Male+Female)) 0.44 0.5 0.2 0.33 0.64 0.62 0.65 0.63 0.66 0.80
Scar and injured ratio 3.1% 6.9% 0 4.2% 74%  13.79% 224% 383% 41.27% 35.42%

B122~2023 &£ 1 L2 AP LA F PR AEAAY TR IRL L AR 5 ATH Y REG e gk TR B
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$+++ Schumacher f- Schnabel Method & féid § P~k 2 3+ FF 3 % 5 & #58 (2019 # 8 7
32023 & 11 % ) » P avedrERE L ) 0 %’a‘éfﬁ,ﬁki 105.2 (Schumacher) % 98.2 (Schnabel ) &
2t (F06) c RHEFA MR 2 2020 & AF 2 OPCE A TAE DN Ff ES
ERarEET R ARG RZ 0 dah aEE R 1703 i T '8 3 110.7 (Schnabel Method)
TRt RA I FENHF ARG P (2019 & ) =18 (2020 & )L B @ ]+ Jolly-
Seber B il EHH N B X 0 S AW (PR i ) S ArpaiE - Mue B kg o EERN
ARRERT RN (A T-40) 0 LV GECEI PR EYOGIEMS 0 A FHAE A
PR op R R H G g Y (2 7-29) 2 FAAERTREE 20 T35 55 (11 95%f
ﬁ’?‘f Ao Manly’s B3t E Y 8y ) 0 T EEETRIDRE o MG IES0L 2021 E R

P EL R T EHRF D BERSLS B 2023 F T3 E SR AR ERE RHET
A ek (B123) o BHmAFN (£ 6) MERY (£ T-% Q)R i
LrVr;Asflv}w Jree Rt (£ 5) 0 LI SEY - RET ;- SERARLAFES Y L
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# 6 ~ f1* Schumacher {- Schnabel Method = f& 4+ 5 s #5555 2019 & 8 » 3 2023 & 10 " B P L7 3 @ B A AR %R E G E 2
RS
k=

Aug.-Dec. 2019 May-Dec. 2020 Mar.-Nov. 2021 Mar.-Nov. 2022 Mar.-Nov. 2023

Schumacher Schnabel Schumacher Schnabel Schumacher Schnabel Schumacher Schnabel Schumacher Schnabel

Estimated 243.2 255.8 198.4 199.7 177.0 170.3 111.4 110.7 105.2 98.1

95%
confidence 202.1-305.4 204.3-342.1 186.6-211.8 182.6-220.3 161.0-196.5 153.1-191.9 103-121.4 93.5-135.7 87.6-131.7 79.8-127.1

interval
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Z 7~ 1% Jolly-Seber B2z %3 5 E#5;\ 5 £ 2019 # 8 # 1 2023 & 11 * HE P L+ 3 B 78 58 & L5 a0 ficl—
. . . Manly's confidence limits o . Manly's confidence limits S

Total Proportion marked  Estimated total population (+SE) Lower 95% Upper 95% Probability of survival (+SE) Lower 95% Upper 95% Number joining (+SE)
2019 August - - - - 0.850 (+0.075) 0.677 1.000 -
2019 September 0.359 203.6 (£29.5) 164.0 289.4 0.787 (+0.075) 0.655 0.948 1.1(+31.4)
2019 October 0.593 158.2 (£27.2) 122.9 233.7 0.998 (+0.114) 0.807 1.000 -29.2 (+28.4)
2019 November 0.813 128.7 (£20.9) 102.3 182.7 0.903 (+0.092) 0.747 1.000 63.6 (£14.9)
2020 May 0.540 179.8 (£10.0) 170.1 198.6 0.859 (+0.036) 0.788 0.932 8.7 (6.6)
2020 June 0.874 162.3 (£9.8) 153.5 177.3 0.940 (+0.041) 0.861 1.000 12.8 (16.1)
2020 July 0.869 158.9 (+10.4) 148.8 175.9 0.955 (+0.047) 0.866 1.000 7.5 (6.1)
2020 August 0.893 157.4 (£10.7) 146.8 175.5 0.826 (+0.042) 0.745 0.912 12.1 (¢6.5)
2020 September 0.867 139.6 (£9.8) 0.0 0.0 1.209 (+0.000) 0.000 0.000 11.3 (x12.4)
2020 October 0.865 178.9 (£19.6) 153.3 226.9 0.841 (+0.083) 0.697 1.000 -16.1 (£9.1)
2020 November 1.000 134.3 (£10.6) 1244 150.9 1.355 (+0.953) 0.624 1.000 0.0 (£0.0)
2020 December 1.000 182.0 (£128.2) 95.2 483.2 0.779 (+0.550) 0.355 1.000 30.6 (£8.4)
2021 March 0.823 172.3 (15.4) 153.3 206.7 0.830 (+0.061) 0.719 0.959 -4.2 (£7.7)
2021 April 0.914 138.7 (£10.1) 130.4 153.0 0.874 (+0.046) 0.786 0.967 16.1 (+5.0)
2021 May 0.850 136.4 (£10.0) 128.2 150.6 0.961 (+0.042) 0.878 1.000 3.4 (+5.0)
2021 June 0.914 133.5 (£9.8) 125.7 146.9 0.985 (+0.079) 0.844 1.000 14.1 (£8.3)
2021 July 0.872 144.6 (£15.6) 125.8 179.6 0.838 (+0.072) 0.709 0.991 7.8 (+7.8)
2021 August 0.851 129.0 (£10.1) 120.5 143.8 0.976 (+0.055) 0.872 1.000 16.0 (£7.3)
2021 September 0.831 141.9 (£12.2) 128.7 165.5 0.895 (+0.065) 0.776 1.000 -1.6 (£6.8)
2021 October 0.917 121.0 (10.9) 110.3 139.6 1.173 (+0.000) 0.746 1.000 -7.1 (15.2)
2021 November 1.000 134.8 (£38.9) 92.9 236.9 0.871 (+0.262) 0.534 1.000 26.7 (£12.5)
2022 March 0.815 144.1 (£20.5) 118.0 196 0.925 (+0.123) 0.722 1.000 -7.0 (£13.5)
2022 April 0.897 126.3 (£15.6) 107.6 161.8 0.840 (+0.085) 0.692 1.000 4.7 (£7.2)
2022 May 0.881 110.8 (£9.7) 102.8 124.7 0.896 (+0.048) 0.806 0.986 2.4 (+4.5)
2022 June 0.922 100.7 (£8.7) 95.3 109.9 1.024 (+0.000) 0.941 1.000 6.6 (+4.8)
2022 July 0.904 109.7 (£9.7) 0.0 0.0 1.314 (+0.000) 0.000 0.000 8.3 (¢8.7)
2022 August 0.897 152.5 (+22.3) 123.9 211.0 0.672 (+0.108) 0.497 0.924 0.8 (6.7)
2022 September 0.917 103.3 (£12.3) 89.8 128.7 0.998 (+0.165) 0.736 1.000 11.6 (£11.1)
2022 October 0.850 114.6 (£21.0) 89.0 169.6 0.880 (+0.170) 0.618 1.000 9.6 (x14.7)
2022 November 0.800 110.4 (£19.8) 86.1 162.1 0.812 (+0.134) 0.601 1.000 -7.2(+12.4)
2023 March 0.909 82.5 (+13.6) 67.5 112.2 1.061 (+0.000) 0.853 1.000 -0.8 (+8.6)
2023 April 0.930 86.7 (£10.2) 771 104.6 0.965 (+0.133) 0.743 1.000 7.1 (£5.0)
2023 May 0.889 90.8 (+13.8) 75.2 123.2 0.815 (+0.151) 0.576 1.000 8.4 (£5.9)
2023 June 0.838 82.4 (+14.2) 66.3 118.5 0.765 (+0.235) 0.449 1.000 35.4 (£26.5)
2023 July 0.583 98.4 (+36.8) 58.5 221.9 0.724 (+0.209) 0.435 1.000 -17.0 (x18.4)
2023 August 0.833 54.2 (+9.8) 448 754 0.806 (+0.197) 0.516 1.000 2.3 (+3.6)
2023 September 0.880 46.0 (£11.5) 345 77.8 - - - -
2023 October 0.889 - - - - - - -
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FHERBE FHFFRERLY FEHE RN A0 F o4 3 den 3 Rt > B2 4 2023 £ 9 7
PECAEEBLMIEN » > D E R R L L BRHT R HEH R Y 2
e TR B R 0 B A T ARy e E iR MR T R $HE 4
Boo WERE P -CEHBIE B A R TAFINRI ek 0 @ Bt RIS E )4 .
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% 10+2019-2023 # A TR FHER L3 878 A AR R E 4 dip i 250 R

2019 2020 2021 2022 2023
Secondary sex ratio (SSR=
Male /(Male+Female)) 0.57 0.4 0.54 0.61 0.42
Litter size (mean+SD) (n) 7.67x1.76 (9) 6.25+1.87 (12) 9.5+3.32 (10) 6.73+2.94 (13) 10.25+3.5 (4)
RCM (Relative clutch mass, mean+SD) 0.322+0.056 0.266+0.075 0.436+0.087 0.374+0.102 0.365%0.126
Neonatal mortality rate 1.43% 0 5.94% 16.67% 2.38%
Released neonatal (n) 69 75 93 74 41
Recapture rate (n) 2.9% (2) 20% (15) 3.2% (3) NA NA
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