REPORT

September 25, 2023

Monitoring, modeling and managing green iguanas on Grand Cayman, Cayman Islands
Prepared by:

Dr. Frank F. Rivera-Milan, 3201 58™ Street South, Gulfport, Florida, USA

Email: riveramilanffl@gmail.com



2 | Rivera-Milén e Green Iguana Report 2023

Abstract

The non-native invasive green iguana (/guana iguana) remains overabundant on Grand Cayman.
[ used 2014-2023 survey-based estimates of population size Nt to (1) fit a Bayesian state-space
logistic model, (2) update model-based posterior estimates of population and management
parameters, and (3) predict Nt for 2024-2033 with removal rates r# ~ Uniform (0.001-0.900,
0.300-0.900, and 0.700—0.900). Estimated Nt averaged 229,111 (SE = 102,466) in August 2023,
with 171,787 (SE = 73,353) hatchlings and 57,324 (SE = 7,624) juveniles and adults combined.
With r¢ ~ Uniform (0.300-0.900), the median of predicted Nf was 30,001 and with 7¢ ~ Uniform
(0.700-0.900), the median of predicted Nt was 20,981 for August 2024-2033. With highly
uncertain removal rates (i.e., 7# ~ Uniform [0.001-0.900], representing little or no control over
removal effort) and a median maximum population growth rate rmax of 1.466 (2.5™ and 97.5"
percentiles = 0.607 and 1.974), Nt can fluctuate widely below and above population carrying
capacity (median K = 1,384,750, 2.5" and 97.5" percentiles = 929,083 and 1,966,112). With
estimated Nf averaging 229,111, r¢#> 0.300 would imply a total removal Rt > 68,733 iguanas and
rt>0.700 would imply Rt > 160,378 iguanas between August 2023 and February 2024. Based on
hatchling removal data collected weekly between January 2021 and September 2023, reproduction
is occurring year-round, with a noticeable peak between August and February, coinciding with the
wettest months (late spring-fall) and driest months (winter-early spring) of the year.
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Introduction

The green iguana (/guana iguana) surpassed 1.3 million on Grand Cayman in August 2018
(Rivera-Milan and Haakonsson 2020, Rivera-Milan et al. 2022). Concerned about the negative
impacts of overabundance, natural resource managers from the Cayman Islands Department of
Environment DoE registered hunters to remove iguanas. Registered hunters removed 216,579
iguanas between January 2021 and September 2023 (T. Austin, DoE, personal communication). I
used 2014-2023 survey-based estimates of population size Nt to (1) fit a Bayesian state-space
logistic model, (2) update model-based posterior estimates of population and management
parameters, and (3) predict Nt for 2024-2033 with removal rates 7 ~ Uniform (0.001-0.900,
0.300-0.900, and 0.700-0.900). These removal rates represented high, moderate, and low
uncertainty due to partial control of removal effort from registered hunters.

Methods

Distance sampling and N-mixture models were used to estimate Nt (Buckland et al. 2015, Kéry
and Royle 2016). Nt estimates were used to fit a Bayesian state-space logistic model. The model
accounted for observation error due to imperfect detection and partial control over removal effort,
and process variance due to environmental variability and incomplete understanding of green
iguana population dynamics. In the model (equation 2 in Rivera-Milan and Haakonsson 2020),
population carrying capacity K represents the abundance above which the iguana population tends
to decline due to density dependence (e.g., competition for limited space and foraging resources),
and maximum population growth rate rmax represents the exponential rate of increase of the
population at low density and under favorable environmental conditions (e.g., rainfall, space, and

food needed to maximize reproductive output).
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In the model, MV is the true unknown abundance state of the population and R is the total
number of iguanas removed between time ¢ and ¢ + 1. That is, R = N+, where r: is generated as
part of the Markov chain Monte Carlo algorithm with uniform prior distributions: 7¢ ~ Uniform
(0.001-0.900), (0.300-0.900), and (0.700—0.900). Based on model simulations (Rivera-Milan and
Haakonsson 2020, Rivera-Milén et al. 2022), uniform prior distributions were also used to update
posterior estimates of K ~ Uniform (900,000-2,000,000) and rmax ~ Uniform (0.600-2.000). For
detailed information about population monitoring and modeling methods, see Rivera-Mildn and
Haakonsson (2020).

Results and Discussion

The half-normal key function without adjustment term provided the best fit to the distance data of
hatchlings (Kolmogorov-Smirnov test D» = 0.13, p = 0.65), and the half-normal key function with
1 cosine adjustment term provided the best fit to the distance data juveniles and adults combined
in August 2023 (D» = 0.05, p = 0.93). Hatchling detection probability estimates (i.e., Pdt =
detectability at time #, Pat = availability at time #) are presented in Table 1. Pdt and Pat estimates
for juveniles and adults combined are presented in Table 2. Within 45 m, hatchling Pdt averaged
0.284 (SE = 0.057) and Pat averaged 0.099 (SE = 0.060). Within 90 m, juvenile and adult Pdt
averaged 0.178 (SE = 0.016) and Pat averaged 0.208 (SE = 0.103).

Hatchling abundance estimates (i.e., density D¢ and Nt at time ¢) are presented in Table 3.
Dt and Nt estimates for juveniles and adults combined are presented in Table 4. Hatchling Dt
averaged 8.765 individuals/ha (SE = 3.743) and Nt averaged 171,787 individuals (SE = 73,353)
in 19,600 ha. For juveniles and adults combined D¢ averaged 2.925 individuals/ha (SE = 0.389)

and Nt averaged 57,324 individuals in 19,600 ha. For hatchlings, juveniles, and adults combined
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Dt averaged 11.689 individuals/ha (SE = 5.225) and Nt averaged 229,111 individuals (SE =
102,466) in 19,600 (Table 5).

Population and management parameter posterior estimates with 7 ~ Uniform (0.001-
0.900) are presented in Table 6. For comparison with previous estimates, see Rivera-Milan and
Haakonsson (2020: table 3) and Rivera-Milan et al. (2022). The 2.5® 50 and 97.5" percentiles
of maximum sustainable removal rate (rmsy) were 0.303, 0.733, and 0.987 (Table 6). Thatis, rt>
0.300 would be needed for the median of predicted Nt to be 30,001 green iguanas (Fig. 1) and r¢ >
0.700 would be needed for the median of predicted Nt to be 20,981 iguanas on Grand Cayman
during August 2024-2033 (Fig. 2). However, with highly uncertain removal rates (i.e., 7t ~
Uniform [0.001-0.900]) and a median rmax of 1.466 (2.5" and 97.5" percentiles = 0.607 and
1.974), predicted Nt can fluctuate widely below and above population carrying capacity (median
K = 1,353,368, 2.5" and 97.5" percentiles = 929,083 and 1,966,112) during August 2024-2033
(Fig. 3).

With estimated Nt averaging 229,111, r#> 0.300 would imply a total removal Rt > 68,733
and r¢> 0.700 would imply R¢> 160,378 iguanas between August 2023 and February 2024. Based
on hatchling removal data collected weekly between January 2021 and September 2023 (T. Austin,
DoE, personal communication), reproduction is occurring year-round, with a noticeable peak
between August and February, coinciding with the wettest months (late spring-fall) and driest
months (winter-early spring) of the year. Environmental covariates, such as total precipitation
during the first 6 months of the year, have potential to be good predictors of abundance fluctuations

from low and high annual reproductive output.
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Table 1. Hatchling detectability Pdt and availability Pat within

45 m of point centers

Year Pdt SE Pat SE

2014 0.323 0.037 0.171 0.056
2015 0.366 0.040 0.133 0.028
2016 0.350 0.043 0.160 0.064
2017 0.295 0.031 0.181 0.047
2018 0.406 0.041 0.094 0.038
2019 0.250 0.044 0.249 0.060




Table 1. Continued

Year Pdt SE Pat SE

2020 0.333 0.208 0.165 0.044
2021 0.246 0.051 0.862 0.297
2022 0.151 0.025 0.239 0.104
2023 0.284 0.057 0.099 0.060




Table 2. Juvenile and adult (combined) Pdt and Pat within

90 m of point centers

Year Pdt SE Pat SE

2014 0.327 0.036 0.218 0.044
2015 0.398 0.036 0.276 0.052
2016 0.266 0.016 0.309 0.080
2017 0.388 0.056 0.127 0.008
2018 0.510 0.021 0.164 0.023
2019 0.428 0.052 0.502 0.095




Table 2. Continued

Year Pdt SE Pat SE

2020 0.430 0.103 0.266 0.050
2021 0.210 0.056 0.546 0.190
2022 0.478 0.045 0.345 0.078
2023 0.178 0.016 0.208 0.103




Table 3. Hatchling estimates of density (D¢ = individuals/ha)
and population size (Nt = individuals in 19,600 ha)

Year Dt SE Nt SE

2014 8.704 2.533 170,598 49,644
2015 12.851 4.267 251,880 83,624
2016 20.949 7.244 410,607 141,988
2017 20.328 5.367 398,432 105,186
2018 43.295 9.828 848,578 192,627
2019 2.807 0.960 55,025 18,819




Table 3. Continued

Year Dt SE Nt SE
2020 0.581 0.227 11,390 4,453
2021 2.291 1.250 44,905 24,491
2022 2.003 1.553 39,2677 30,444
2023 8.765 3.743 171,787 73,353




Table 4. Juvenile and adult (combined) estimates of D¢ and Nt

Year Dt SE Nt SE

2014 4.263 0.989 83,564 19,387
2015 8.004 1.609 156,869 31,531
2016 20.625 3.092 404,258 60,611
2017 33.789 6.859 662,255 134,438
2018 24.049 3.728 471,358 73,060
2019 2.447 0.583 47,955 11,431




Table 4. Continued

Year Dt SE Nt SE
2020 0.708 0.255 13,869 4,991
2021 2.186 0.538 42,846 10,540
2022 2.104 0.548 41,233 10,749
2023 2.925 0.389 57,324 7,624




Table 5. Hatchling, juvenile, and adult (combined) estimates of

Dt and Nt

Year Dt SE Nt SE

2014 12.967 5.394 254,152 105,725
2015 20.855 8.232 408,749 161,343
2016 41.574 16.899 814,855 331,218
2017 54.117 18.022 1,060,687 353,234
2018 67.344 12.863 1,319,939 252,108
2019 5.256 2.547 103,020 49,925




Table 5. Continued

Year Dt SE Nt SE
2020 1.289 0.484 25,259 9,485
2021 4.477 1.771 87,751 34,706
2022 4.107 3.359 80,500 65,846
2023 11.689 5.225 229,111 102,466




Table 6. Model-based parameter posterior estimates with

removal rates r¢ ~ uniform (0.001, 0.900)

Nodes Mean SD 2.5% 50% 97.5%
K 1,384,750 304,609 929,083 1,353,368 1,966,112
rmax 1.417 0.391 0.607 1.466 1.974
Neg 692,375 152,304 464,541 676,684 983,056
Rmsy 486,538 163,826 207,298 472,398 835,893
rmsy 0.709 0.195 0.303 0.733 0.987




Fig. 1. Estimated (blue) and predicted (red) Nt with rt ~

Uniform (0.300-0.900)
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Fig. 2. Estimated (blue) and predicted (red) Nt with rt ~
Uniform (0.700-0.900)
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Nt (x1,000)

Fig. 3. Estimated (blue) and predicted (red) Nt with rt ~
Uniform (0.001-0.900)
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