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ABSTRACT 
 
Turtles are the main components of the biodiversity of the ecosystems they inhabit. Their importance to the 
environment is enormous. This work focused on a Quantitative Ecological Risk Assessment of the Hawksbill 
Turtle, which is currently labeled as Critically Endangered by the International Union for the Conservation of 
Nature (IUCN). Our research partners with the Non-Governmental Organization EcoAssociados, which works 
with data collection and risk management of marine turtles in PG to provide essential data to perform the 
Hawksbill Turtle probabilistic model. As a result of our research, some objectives were achieved, for example: 
graphs that show the probability of X% increase/decline in the number of Hawksbill Turtle and a graph of the 
probability of half-loss, both for the next 100 years and for various scenarios of conservation measures and/or 
human impact; including an uncertainty interval. The results were reported to the risk management team. 
 

1. INTRODUCTION 
 

Porto de Galinhas (PG) is one of Brazil's most touristic places due to its paradisiac beaches (i.e., Muro 
Alto, Cupe, Maracaipe, Merepe). In 2019, PG received approximately 1.2 million tourists, generating 20 
thousand direct and indirect jobs and around U$ 400 million income from tourism. In 2020, even during all 
the restrictions due to the COVID-19 pandemics, these numbers were higher than 500 thousand tourists and 
U$ 220 million dollars income [1]. With immense biodiversity, PG is a touristic center and a sanctuary for 
many important marine species. PG's ecological importance gave rise to Non-Governmental Organizations 
(NGOs), such as EcoAssociados (EA), to balance tourism and conservation.  

PG is a spawning region for HT, with an average of 170 nests per season. This species is considered 
to be very important for PG's ecosystem and economy for many reasons, e.g. [2]: (i) HTs attract thousands of 
tourists every year to watch their birth; (ii) they selectively feed on some groups of marine sponges and help 
maintain biodiversity in coral reefs; (iii) allow rare species to compete for space and nutrients successfully; 
(iv) transfer the energy and nutrients stored in the feeding areas (i.e., marine environment) to spawning beaches 
(i.e., terrestrial environment) in the form of Eggs, providing a concentrated source of high-quality nutrients to 
plants and animals on the coast. 

Urbanization and seaside constructions, such as resorts and hotels, grow exponentially in PG. Without 
planning and control by entities, such growth can cause many adverse effects to the HT, such as habitat 
destruction; artificial lighting that decreases Egg's survival rate due to disorientation caused by the light on 
newborns; trash on the beaches that turtles may ingest, and suffer obstruction in their digestive system. 
Additionally, the uncontrollable numbers of tourists may accidentally trample on nests and reduce their chance 
of birth success. 

For this work, the ecological risk is defined as the probability of having ecological adverse effects in 
the short and long-term [3–5]. More specifically, we intend to develop ways of quantifying HT regional 
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extinction risk (i.e., the probability that HT will no longer spawn/occur in a specific region during the next 100 
years). PG's risk of HT regional extinction is getting higher every day for all the impacts mentioned above. EA 
collects data on HT in PG and has worked to minimize this risk through many control actions, such as (i) 
translocation of Eggs from more to less threatened areas; (ii) nest monitoring and nest release; (iii) monitoring 
the artificial lighting of hotels, resorts, and condominiums. However, they execute those actions on a subjective 
basis (i.e., the control plan is defined day by day based on EA's biologists' knowledge and experience). There 
is no mathematical model or tool to guide them in the decision-making allowing the conservation strategies to 
have maximum effectiveness in reducing the risk of extinction of the managed species.  

Generally, retroactive data are needed to model a turtle population dynamics, showing how the sub-
population will be modeled behaves. The data can be the average number of nests per year; the average number 
of Eggs per nest; rate of success of nests; survival rates for each life stage of the turtle; quantitative reports on 
the impacts to be modeled; ecotoxicological data for the HT when exposed to oil and BTEX (i.e., group of 
compounds by hydrocarbons: benzene, toluene, ethylbenzene, and xylenes). There is only one model for HT 
in the literature [6]. However, it is not stochastic, so it cannot account for uncertainty in parameters and results. 
Furthermore, the model is from 1997, and a lot has changed in the world.  

In this context, this work aimed to develop the first stochastic HT model in the literature that 
overcomes the drawbacks mentioned above and is tailored for quantitative risk assessment. Through this model 
and using reproductive and non-reproductive data of HT since 2009, we conducted a Quantitative Ecological 
Risk Assessment (QERA) in PG. 
 

2. DESCRIPTION 
 

Figure 1 shows a simplified schematic representation of our model for the life cycle of HT. Based on 
[7], we have defined four life stages: (i) Egg, (ii) Oceanic juvenile, (iii) Neritic Juvenile, and (iv) Adult. There 
are three zones, or areas, for HT: the (a) terrestrial, i.e., the beach area that is not regularly inundated with 
water; (b) neritic, i.e., zone of the ocean where sunlight reaches the ocean floor, with a relatively shallow depth 
extending to about 200 meters; and (c) oceanic, i.e., where sunlight may not reach the ocean floor, and the 
water depths drop to below 200 meters).  

 
 

                        Fig.1 – HT life cycle. 
Since the start of the model, it was clear that hazards would be linked to harmful anthropogenic actions 

generated in PG. Therefore, a close to the ideal scenario SCN-0 was defined, considering today's maritime 
environment (i.e., the human impacts are more general, not specific to PG). SCN-1 refers to the impact of 
artificial lighting without any control measure taken by responsible entities [8]. SCN-2 impact caused by the 
BTEX residues of the 2019 oil leak [9–11]. SCN-3 no control measures to ensure successful nesting and 
breeding of adult females. The SCN-4 is a possible future oil spill in PG. SCN-5 is the worst scenario, which 
simulates what would happen if there were no mitigation plan, with all impacts coinciding. SCN-6 is the 
scenario where all human impact occurs with the control measures carried out by EA. 

We defined the model with two main structures, the sex and stage structure. We described the sex 
structure by dividing it into males and females, with the same stages, but with only the adult female generating 
Eggs. Also, we discretized the stage structure in 4 phases (Figure 1). To estimate the model parameters, 
reproductive and non-reproductive data have been gathered since 2009 by the NGO EA. To estimate the 
frequency and assess the exposure of each selected SCN, we used the data from EA, educated guesses from 
biologists, and the following studies [8], [12]. The model presented was used to conduct a QERA for Turtles 
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by following the same general steps proposed by [13]: (i) characterize the problem; (ii) describe the scenarios 
(SCNs); (iii) parameterize the model and initial conditions; (iv) assess frequency; (v) assess exposure, and (vi) 
quantify and categorize the risks. Each of these steps generates a specific result of the QERA.  

Because of the long life that HT may have (i.e., on average 50 years), we assumed that the time-step 
is one year and the duration of the simulation would be 100 years, which is the same duration used in the IUCN 
risk criteria [14]. RAMAS Metapop v.6.0 software was adopted for running the simulations with 10,000 
replications. This software is a computational tool for constructing a metapopulation approach and running 
probabilistic simulation via the Monte Carlo method [15]. 
 
3. DISCUSSION 
 

The main result of the HT model was the graph of the probability of half loss over time that compared 
each SCN risk category [14], achieved after 100 years. Moreover, the following conclusions could be taken 
analyzing the graph. 

The benchmark scenario (SCN-0), without any human actions, already showed that turtles are 
classified as VULNERABLE, and not to aggravate this category, mitigation measures must be implemented. 
it is relevant to emphasize that SCN-6 was one of the scenarios with the most significant risk of half loss 
because it dealt with the accumulated probability of human impacts (even considering the NGO's mitigation 
measures from EA). But even so, it is evident that such measures are of paramount importance, as they were 
sufficient to reduce the risk of half loss concerning the SCN-5 by almost 80% in less than 45 years. Also, it is 
noticeable that the SCN-6 risk category remains VULNERABLE at the end of the simulation, indicating that 
mitigation measures focused only on the Egg stage are not enough to minimize the damage and bring the 
category down. Although dealing with great uncertainty in the parameters and overestimating the risks, the 
results are still worrying. The SCN-4 showed that an oil spill in PG would be sufficient to elevate the risk by 
almost 50%. Even with mitigation measures added, the HT population would certainly not withstand a 
catastrophe of this magnitude when added to the other human impacts existing. SCN-2 has light relevance in 
the first years after the accident (2019) because of the quick cleaning of the crude oil. However, the chemical 
residues that remained in the water were not ignored, and it is remarkable how their consequences are 
substantial over time. The SCN-1 showed that only a simple isolated human action, if not supervised by the 
responsible entities, can impact the HT population, increasing the risk of half loss by almost 100% in less than 
50 years. It is plentiful to note how dangerous artificial lighting is to the permanence and survival of HT in 
PG. 

 
4. CONCLUSION 
 

The paper shows innovative research since no study has yet used this Methodology to simulate any 
turtle's future in a stochastic manner. This paper successfully estimates plausible SCNs for the ecological risks 
caused by oil spills and human impact on Brazil's northeast coast for the next 100 years.  

We reported this research's results to the involved entities to better understand the possible SCNs and 
their peculiarities. Such results help a cost-effectiveness analysis so that managers prioritize action plans that 
effectively reduce ecological risks within budget. From the results, we conclude that the long-term ecological 
risks for HT's future in PG strongly depend on the competent authorities and environmental agencies' 
mitigation measures. The faster and more effective the actions, the more unlikely the HT population in PG will 
change from an "Endangered" risk category to "Critically Endangered". The HT turtle serves as an indicator 
of the ecosystem's health because if it becomes Critically Endangered, PG's entire ecosystem also turns 
Critically Endangered. 

We aim to continue developing this model to simulate other impact SCNs related to HT, such as waste 
in the ocean, sand compacting by trampling, and SUAPE industries' effects on PG HT subpopulation. 
Additionally, we intend to use the Methodology and learning acquired in this study to develop new models. 
Environmental agents, researchers, and consultants worldwide can use our model with some changes as an 
essential decision-making tool to answer any questions about the sea turtles' management and future in coastal 
areas. 
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