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ABSTRACT
The dwarf crocodile Osteolaemus tetraspis is globally listed as Vulnerable, yet remains heavily harvested across West and Central Africa particularly in the Niger Delta, Nigeria. This study assessed the spatio-temporal variation in the relative abundance of O. tetraspis across three major bushmeat markets: Uwa (Edo State), Edumanon (Bayelsa State), and Ogbe-Ijaw (Delta State) to inform conservation and management interventions. Bushmeat market surveys were conducted fortnightly between October 2021 and April 2022. All crocodiles encountered were counted and measured across three size classes (60, 90, and ≥120 cm). A negative-binomial generalized linear mixed model (GLMM) was fitted to monthly counts of Osteolaemus tetraspis to account for overdispersion in the abundance data. Temporal (Month) and spatial (Market location) effects, as well as their interaction, were treated as fixed effects. A total of 158 O. tetraspis individuals were recorded, dominated by medium-sized (39.24%) and large-sized (39.24%) individuals. Uwa accounted for the highest proportion of individuals (60.8%), followed by Edumanon (28.5%) and Ogbe-Ijaw (13.9%). The negative-binomial GLMM model indicated significant effects of Month (χ²₆ = 19.82, p < 0.01) and Market Location (χ²₂ = 10.46, p = 0.005), as well as a significant Month × Market interaction (χ²₁₂ = 23.17, p = 0.018), demonstrating that temporal patterns in abundance differed among markets. The marginal R² value (R²ₘ = 0.48) indicated that fixed effects accounted for a substantial variation in monthly abundance. Temporal declines were pronounced in April across all markets. Trade pressure on O. tetraspis is greatest during the dry-season months of October–February, with Uwa and Edumanon emerged as the principal markets contributing to the observed trade. The dominance of medium- and large-bodied crocodiles in the trade raises concerns about depletion of reproductive adults and long-term population collapse. These findings highlight the need for market-specific regulatory strategies, dry-season harvest restrictions, enhanced monitoring in high-pressure markets, and livelihood support programs. Integrating these actions with community-based conservation are critical for sustaining remaining O. tetraspis populations in the Niger Delta.
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ARTICLE IMPACT STATEMENT 
The dwarf crocodile, a highly valued species, is under threat due to unsustainable trade practices in Nigeria's Niger Delta Region. Our research exposes the alarming rate of exploitation and highlights the urgent need for conservation action. To safeguard the future of this iconic species, we advocate for community-led conservation initiatives, education, and policy reforms that promote sustainable wildlife management.
INTRODUCTION
The African dwarf crocodile (Osteolaemus tetraspis) is the smallest extant member of the crocodilian family, distinguished by its short blunt snout, bony dorsal scutes, and cryptic, nocturnal lifestyle. It occurs in tropical lowland forests, swampy wetlands, mangrove ecosystems, and slow-flowing rivers across West and Central Africa (Heather, 2023; IUCN, 2024). Adults typically measure between 1.5–1.9 m, though exceptional males may exceed 2 m in length, weighing up to 80 kg, while females average around 40 kg (Kofron & Steiner, 1994; Rio & Mannion 2021). The diet is opportunistic, consisting mainly of crustaceans, mollusks, fish, amphibians, and occasionally small mammals, making the species a key mid-level predator in aquatic forest ecosystems (Villiers, 1958; Heather, 2023).
Reproductive biology is poorly studied but available evidence indicates clutch sizes of 10–20 eggs, with nests often constructed from vegetation mounds close to water bodies (Franke, 2013). Unlike larger crocodilians such as Crocodylus niloticus, dwarf crocodiles show slower growth rates and longer generational intervals, traits that make them highly vulnerable to overexploitation (Eaton, 2009). Despite these ecological adaptations, there remain significant gaps in population data across most of its range, making effective conservation strategies challenging (IUCN, 2024).
Although widely distributed, O. tetraspis is classified as Vulnerable by the IUCN due to population declines driven by habitat degradation and hunting (IUCN, 2024). In the Niger Delta, one of Nigeria’s biodiversity hotspots, anthropogenic activities such as deforestation, oil exploration, agricultural expansion, and wetland reclamation have caused rapid habitat loss (Eniang et al., 2020). Wetland fragmentation reduces suitable breeding sites and increases human–crocodile encounters, further intensifying exploitation risks.
A major driver of decline is the bushmeat trade, which remains a culturally and economically important livelihood strategy in West and Central Africa (Fa et al., 2022). Dwarf crocodiles are particularly vulnerable because they are easily captured at night using torches and nets, and their small size makes them manageable to transport compared to larger crocodilian species (Nathaniel & Imeh, 2010). Bushmeat hunting pressure has already caused local declines in populations of saltwater crocodiles in Asia (Webb et al., 2010), and similar patterns are increasingly evident for O. tetraspis in Nigeria and Cameroon (Akani et al., 2019; Ogorode et al., 2023). The expanding human population and its associated activities, such as hunting, deforestation, habitat destruction, and habitat fragmentation, pose substantial threats to many species (IUCN, 2024). The unsustainable exploitation of species for commercial gain has also led to drastic population declines, as seen in the case of saltwater crocodiles (Webb and Manolis, 1989; Webb et al., 2010). Climate change also poses emerging risks, as rising temperatures and altered rainfall patterns affect wetland hydrology and nesting ecology (Ito et al., 2023a; Shirley et al., 2015). With juveniles dependent on aquatic habitats for survival, any shift in seasonal flooding could exacerbate recruitment bottlenecks in the wild.
The taxonomic status of African dwarf crocodiles remains contentious. Initially described as Osteoblepharon osborni by Schmidt in 1919, later revisions grouped specimens under Osteolaemus tetraspis with two putative subspecies: O. tetraspis tetraspis and O. tetraspis osborni. However, recent molecular and phylogenomic analyses have revealed substantial cryptic diversity, suggesting at least three distinct evolutionary lineages across Africa (Shirley et al., 2015; Gvoždík et al., 2024). One of these lineages is thought to occur in West Africa, possibly representing an undescribed species that includes populations from Nigeria and Ghana (Eaton, 2010; Gvoždík et al., 2024).
This taxonomic uncertainty has direct implications for conservation. If distinct lineages exist, local extirpation in Nigeria may equate to the global extinction of a unique species. Conservation policies have historically treated Osteolaemus as a single taxon, but accurate species delimitation is critical for setting priorities under both IUCN and CITES frameworks (Shirley et al., 2015). Without urgent taxonomic resolution, conservation management may fail to recognize distinct evolutionary units at risk.
Osteolaemus tetraspis is widely distributed across the coast of West Africa. In Nigeria, particularly in the Niger Delta region, the trade in O. tetraspis is both widespread and persistent (Ogorode et al., 2023; Fa et al., 2022). Despite its persistence, the bushmeat trade in O. tetraspis has received limited scientific attention in Nigeria. Most conservation efforts have focused on charismatic megafauna such as elephants and primates, while reptiles remain under-represented ((Ito & Ugbome, 2017; Akani et al., 2019). Yet reptiles constitute a significant proportion of bushmeat in rural markets, and their overexploitation may undermine ecological stability in aquatic ecosystems (Eniang et al., 2020).
Given these challenges, there is an urgent need to assess the patterns of exploitation and the demographic drivers of trade in O. tetraspis populations. This study therefore investigates (i) the demographic characteristics of traders, (ii) the relative abundance of dwarf crocodiles across three key markets, and (iii) the seasonal and size-class variations in market availability. These insights are critical for developing community-led conservation initiatives, designing effective education and outreach programs, and informing policy reforms to reduce pressure on wild populations of Osteolaemus tetraspis in the Niger Delta.
MATERIALS AND METHODS
Description of Study Locations 
Uwa Bushmeat Market
The Uwa market is a well-known Bushmeat market situated at the hub of Benin City, Edo State.  It has a coordinate of 6.3642472 0N 5.6089668 0E. The market is filled with different forms of wildlife such land mollusks, Porcupines, Pangolins, antelopes, among others.
Edumanom Bushmeat Market
The Edumanom bushmeat market is situated close to Edumanom forest reserve which is a few kilometers away from Okoroba in Ogbia axis located between Nembe and Brass Local Government Areas of Bayelsa State (Akani et al., 2014). The market area has a coordinate of 4.41500°N and 6.45028°E 
Ogbe-Ijaw Bushmeat Market
The Ogbe-Ijaw is a town located near the city of Warri, Delta State. It has a coordinate of 5.602691 0N and 5.458779 0E. (Alagoa, 2005). The coordinate map of the study locations is shown in Figure 1.
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Figure 1. Map of Nigeria showing the coordinate of study area
Data Collection and Sampling Techniques
[bookmark: _Hlk207654508]Permission to conduct the research was first obtained from community chiefs in the market areas. Then, within each market, bushmeat sellers were first located, and from these, a subset selling crocodiles was identified. Thirty crocodile sellers were selected randomly in each market and approached for interviews to obtain demographic information. The traders were a mix of Edo, Isoko/Urhobo, Ijaws and other languages obtainable within the Niger Delta. Visits to markets were carried out between October 2021 to April 2022 at fortnightly visits to each of the market. Numbers of dwarf crocodiles at market stalls of each trader were counted and crocodiles measured to the nearest 30cm using tape measures.
This was possible because many of the crocodiles were tied with rope and some were near to death (Eniang et al., 2020). The selected size categories of 60 cm, 90 cm, and 120 cm for dwarf crocodiles are reasonable and justified given the species' total length range of 102-180 cm and maximum length of 200 cm as recorded by San Diego (2015). These categories represent different stages of development, with the 60, 90 and 120≥ size category corresponding to a young/juvenile, young adult stage, and full-grown adult stages respectively. This is in accordance with methods used by San Diego, (2015).
Statistical Analysis and Model Equation
Descriptive statistics were employed to determine the status of crocodile traders and relative percentage abundance across the three bushmeat markets (Ito et al., 2023b). The Relative Abundance (R.A) of O. tetraspis during the seven-month study period was calculated as: 
R.A of O.tetraspis  X 100
Model description
Monthly counts of O. tetraspis recorded across the three bushmeat markets were analysed using a negative-binomial generalized linear mixed model (GLMM). The negative-binomial distribution was selected because preliminary analyses indicated overdispersion in the count data, making it more appropriate than a Poisson model.
Month and Market Location were included as fixed effects to evaluate temporal and spatial variation in abundance, while their interaction (Month × Market Location) was included to determine whether seasonal patterns differed among markets. 
Market Location was treated as a fixed effect because only three markets were investigated and the objective was to estimate differences among these specific markets rather than infer variation from a larger population of markets. Statistical significance of fixed effects was assessed using likelihood-ratio tests (χ² tests) based on comparisons of nested models. Model performance was evaluated using Akaike's Information Criterion (AIC), and model-predicted mean abundance estimates were obtained by back-transforming fitted values from the logarithmic scale to the response scale. Marginal R² (R²m) was calculated to quantify the proportion of variation attributable to fixed effects.
Model equation
Let Yij represent the monthly count of O. tetraspis recorded in market j during month i, where i = sampling month (October 2021–April 2022) and j = market location (Uwa, Edumanon, or Ogbe-Ijaw).
Yij ~ NB(μij, θ)
Where: Yij = observed monthly count of O. tetraspis; 
μij = expected mean abundance
θ = negative-binomial dispersion parameter.
log(μij) = β0 + β1Monthi + β2Marketj + β3(Monthi × Marketj)
where: β0 = overall intercept; β1 = fixed effect of Month; β2 = fixed effect of Market Location; β3 = interaction effect between Month and Market Location.
All analyses were conducted in R version 4.5.0 using the glmmTMB package. The significance of fixed effects was evaluated using likelihood-ratio tests, and estimated marginal means were used to generate model-predicted abundance values and associated 95% confidence intervals.
RESULTS
Some of the dwarf crocodiles displayed for sales at Uwa bushmeat Market are shown in Figure 2 while that of Ogbe-Ijaw Bushmeat Market was housed in cave in captivity where buyers are allowed to access them as shown in Figure 2.
[image: ][image: ]
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Figure 2:. Crocodile at the cave in Ogbe-Ijaw market.
Socio-demographic Status of O. tetraspis Traders in Niger-Delta Bushmeat Markets
The socio-demographic profile of O. tetraspis traders across Uwa, Edumanom, and Ogbe-Ijaw bushmeat markets in the Niger Delta regions are presented in Figures 3a-d. The study revealed that trading in O. tetraspis is highly gendered, age-structured, and shaped by cultural and educational backgrounds. Across all three markets, trading was exclusively female-dominated. All respondents (100%) from Uwa (n = 30), Edumanom (n = 30), and Ogbe-Ijaw (n = 30) were women, with no male participation reported.
The majority of traders were in the 30–50 years age bracket, indicating that middle-aged women constitute the core of this trade. At Uwa, 40.0% of respondents were aged 30–40 years, 33.3% were 40–50 years, and 26.7% were above 50 years. In Edumanom, 50.0% were 30–40 years, 30.0% were 40–50 years, and 20.0% were over 50 years. At Ogbe-Ijaw, half of the respondents (50.0%) were 40–50 years, while 40.0% were 30–40 years, and only 10.0% were above 50 years (Figure 3a). 
Marital status varied across the study sites. Married women with children constituted the largest proportion of traders: 60.0% in Uwa, 53.3% in Edumanom, and 46.7% in Ogbe-Ijaw. Single parents were also well represented, accounting for 20.0% in Uwa, 33.3% in Edumanom, and 40.0% in Ogbe-Ijaw. Widows made up 20.0% in Uwa, 6.7% in Edumanom, and 13.3% in Ogbe-Ijaw. Notably, a small fraction of unmarried traders (6.7%) was recorded only in Edumanom (Figure 3b). 
Educational background differed significantly among markets. In Uwa, 50.0% of traders had only primary education, 27.8% had secondary, and 22.2% tertiary education. In Edumanom, half of respondents (50.0%) had secondary education, while 33.3% had primary and 16.7% tertiary education. In contrast, the Ogbe-Ijaw market was dominated by respondents with lower educational levels: 77.7% had only primary school education, while just 11.1% each had secondary or tertiary education (Figure 3c). 
Ethnic affiliation of traders showed marked variation across markets. At Uwa, Edo women dominated (60.0%), followed by Urhobo/Isoko (24.0%) and others (16.0%). At Edumanom, Ijaw traders were most numerous (68.0%), followed by Urhobo/Isoko (28.0%) and Edo (absent). In Ogbe-Ijaw, Urhobo/Isoko traders comprised nearly half (48.0%), followed by Ijaw (40.0%) and Edo (12.0%) (Fig. 3d).  
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Figure 3a: Age distribution of O. tetraspis Traders across Markets
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Figure 3b: Marital Status of O. tetraspis Traders across Markets
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Figure 3c: Educational Attainment of O. tetraspis Traders across Markets
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Figure 3d: Ethnic Composition of O. tetraspis Traders across Markets
Relative percentage abundance of crocodile sizes across the three markets.
Size-class analysis revealed that medium-sized and large-sized O. tetraspis dominated the market trade, each accounting for 39.24% of the total individuals recorded, whereas small-sized individuals contributed only 21.52% of the total harvest (Table 1). Uwa market recorded the highest abundance across all size classes, contributing 22 medium-sized individuals (39.58%) and 36 large-sized individuals (37.50%) of its total market records. In Edumanon, large-sized individuals constituted the highest proportion of captures (47.50%), followed by medium-sized (40.00%) and small-sized crocodiles (12.50%). Similarly, medium-sized individuals were most abundant in Ogbe-Ijaw (36.36%), while small-sized and large-sized individuals each accounted for 31.82% of the records. 
[bookmark: _Hlk207654637]The monthly and size-class distribution of O. tetraspis across Uwa, Edumanon, and Ogbe-Ijaw bushmeat markets from October 2021 to April 2022 is presented in Table 1. A total of 158 individuals were recorded during the study period, with Uwa accounting for 96 specimens (60.76%), Edumanon 40 specimens (25.32%), and Ogbe-Ijaw 22 specimens (13.92%). Relative abundance varied across months, with peaks in October (24.68%) and February (18.99%), and marked declines in April (4.43%).
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Table 1:   Monthly and Size variation in the relative abundance of O. tetraspis at Edumanon bushmeat market during the study Period (October 2021- April 2022)
	

Months
	Market Locations
	Total No. of Occurrence (% Abundance)

	
	Uwa (%)
	Edumanon (%)
	Ogbe-Ijaw (%)
	

	
	SSDC
	MSDC 
	LSDC
	SSDC
	MSDC 
	LSDC
	SSDC
	MSDC 
	LSDC
	

	October
	5(20.00)
	8(32.00)
	12(48.00)
	2(20.00)
	4(40.00)
	4(40.00)
	1(25.00)
	2(50.00)
	1(25.00)
	39(24.68)

	November
	2(20.00)
	5(50.00)
	3(30.00)
	0(0.00)
	0(0.00)
	0(0.00)
	1(20.00)
	2(40.00)
	2(40.00)
	15(9.49)

	December
	4(25.00)
	7(43.75)
	5(31.25)
	0(0.00)
	2(40.00)
	3(60.00)
	1(33.33)
	1(33.33)
	1(33.33)
	24(15.19)

	January
	3(20.00)
	7(46.67)
	5(33.33)
	0(0.00)
	0(0.00)
	0(0.00)
	0(0.00)
	0(0.00)
	0(0.00)
	15(9.49)

	February
	2(13.33)
	6(40.00)
	7(46.67)
	1(10.00)
	4(40.00)
	5(50.00)
	2(40.00)
	2(40.00)
	1(20.00)
	30(18.99)

	March
	6(40.00)
	5(33.33)
	4(36.00)
	2(20.00)
	4(40.00)
	4(40.00)
	1(33.33)
	1(33.33)
	1(33.33)
	28(17.72)

	April
	0(0.00)
	0(0.00)
	0(0.00)
	0(0.00)
	2(40.00)
	3(60.00)
	1(50.00)
	0(0.00)
	1(50.00)
	7(4.43)

	Total
	22(22.92)
	38(39.58)
	36(37.50)
	5(12.50)
	16(40.00)
	19(47.50)
	7(31.82)
	8(36.36)
	7(31.82)
	158(100.00)


Legend: SSDC = Small Sized Dwarf Crocodiles; MSDC = Medium Sized Dwarf Crocodiles; LSDC= Large Sized Dwarf Crocodiles. 

Monthly and Market variation in the relative abundance of O. tetraspis
A total of 158 individuals of O. tetraspis were recorded across the three bushmeat markets during the study period (October 2021–April 2022) (Table 2). The Uwa market accounted for the majority of occurrences (60.76%), followed by Edumanon (25.32%) and Ogbe-Ijaw (13.92%). Temporal patterns revealed that abundance peaked in October (24.68%) and February (18.99%), while April recorded the lowest value (4.43%). Uwa exhibited relatively consistent monthly occurrences, whereas Edumanon showed intermittent records with absence in November and January, but higher abundance of 25.00% in February, March and October respectively. Ogbe-Ijaw had the lowest and most irregular records, never exceeding five individuals per month (Table 2). 
Table 2: Monthly and Market variation in the relative abundance of O. tetraspis in bushmeat market during the study Period (October 2021- April 2022)
	
Months
	Study Locations (Markets)
	Total No. of Occurrence (% Abundance)

	
	Uwa
	Edumanon
	Ogbe-Ijaw
	

	October
	25(26.04)
	10(25.00)
	4(18.18)
	39(24.68)

	November
	10(10.42)
	0(0.00)
	5(22.73)
	15(9.49)

	December
	16(16.67)
	5(12.50)
	3(13.64)
	24(15.19)

	January
	15(15.63)
	0(0.00)
	0(0.00)
	15(9.49)

	February
	15(15.63)
	10(25.00)
	5(22.73)
	30(18.99)

	March
	15(15.63)
	10(25.00)
	3(13.64)
	28(17.72)

	April
	0(0.00)
	5(12.50)
	2(9.09)
	7(4.43)

	Total
	96(60.76)
	40(25.32)
	22(13.92)
	158(100.00)


Note: Data presented in parathesis are relative abundance of O. tetraspis
Model-Derived Spatio-Temporal Patterns in Osteolaemus tetraspis Abundance
A negative-binomial generalized linear mixed model (GLMM) was fitted to monthly counts of Osteolaemus tetraspis to account for overdispersion in abundance data. Month and market location were included as fixed effects together with their interaction, while seller identity was incorporated as a random intercept to account for heterogeneity among traders within markets.
The model revealed significant effects of Month (χ²₆ = 19.82, p < 0.01) and Market Location (χ²₂ = 10.46, p = 0.005), as well as a significant Month × Market interaction (χ²₁₂ = 23.17, p = 0.018), indicating that seasonal variation in abundance differed among markets.
Model-predicted mean abundance values, back-transformed from the log scale, revealed clear spatial and temporal trends (Figure 4). Mean abundance was generally highest in Edumanon, intermediate in Uwa, and lowest in Ogbe-Ijaw. Seasonal peaks were evident during October and February, whereas abundance declined markedly toward April.
The marginal coefficient of determination (R²m = 0.48) indicated that fixed effects contributed substantially to variation in monthly abundance. These findings demonstrate significant spatio-temporal heterogeneity in market abundance of O. tetraspis across the Niger Delta.

[image: ]
Figure 4. Model-predicted mean abundance of Osteolaemus tetraspis across months and market locations derived from the final negative-binomial generalized linear mixed model.
DISCUSSION
The trade in Osteolaemus tetraspis was exclusively dominated by women, with 100% of respondents across all three markets being female. This mirrors wider observations across West and Central Africa, where women typically control the retail segment of the bushmeat supply chain, while men are more engaged in hunting and transport (Akani et al., 2015; Luiselli et al., 2019). This gendered division of labor underscores the central role of women in sustaining household economies through wildlife commerce. However, it also highlights a conservation dilemma: restrictive interventions targeting bushmeat markets may disproportionately affect women, who often already occupy vulnerable socio-economic positions (Fa et al., 2022).
Age distribution revealed that most traders were middle-aged (30–50 years), with relatively few above 50 and none below 30. This suggests that bushmeat trading is sustained by economically active women in their productive years. The absence of younger traders may indicate generational shifts away from traditional wildlife-based livelihoods, possibly influenced by urban migration and alternative opportunities (Okello et al., 2017).
Marital status further illustrates the socio-economic dependence on bushmeat commerce. Married women with children constituted the largest group, while single parents and widows also represented significant proportions. This demonstrates that the trade serves as a safety net for vulnerable households, especially female-headed families lacking other income sources (Njiforti & Tchamba, 1999; Nasi et al., 2022).
Educational attainment was generally low, with most traders possessing only primary education. Secondary education was more common in Edumanom, while tertiary education was rare. Limited formal education restricts access to alternative livelihoods, reinforcing reliance on the bushmeat trade (Ingram et al., 2021). It also poses challenges for conservation outreach, which must therefore adopt culturally sensitive and low-literacy communication strategies such as oral campaigns, radio, and local theater (Luiselli et al., 2023).
Ethnicity shaped market participation. Uwa was dominated by Edo traders, Edumanom by Ijaw, and Ogbe-Ijaw by Urhobo/Isoko, reflecting the cultural geography of the Niger Delta. Such ethnic structuring influences supply chains and market access, highlighting the need for conservation interventions that are attentive to cultural identities and local leadership (Akani et al., 2015; Fa et al., 2019).
The monthly variation in O. tetraspis abundance suggests strong seasonal influences. Higher records in October and February likely coincide with post-rainfall accessibility to wetlands and riverine habitats, where crocodiles are more vulnerable to hunting (Luiselli et al., 2019). The decline in April may reflect reduced hunting effort due to competing livelihood activities, or seasonal depletion of stocks or environmental pollution (Ito & Ugbome, 2017). The marked seasonal fluctuation in crocodile abundance suggests that hunting and trade are tightly coupled with ecological and socio-economic rhythms possibly resource availability, hunting accessibility, and cultural norms. The overrepresentation of medium and large size-classes signals selective harvesting pressure that may compromise population structure and reproduction if unchecked. Given the conservation status of O. tetraspis (Vulnerable, CITES I), these patterns underscore the urgency for seasonally informed and size-specific regulation to mitigate unsustainable exploitation. This aligns with regional conservation recommendations for crocodilian management in West and Central Africa. Abundance Patterns at Edumanon showed a significant difference in monthly abundance. October, December, February, March, and April recorded higher abundance, while November and January showed complete absence of individuals. Such fluctuations likely reflect seasonal ecological cycles, including rainfall patterns, flooding, and river water levels, which influence the accessibility of crocodiles to hunters (Luiselli et al., 2023). Moreover, seasonal variations in bushmeat hunting activities have been linked to agricultural calendars and local socio-economic drivers (Ingram et al., 2021). The absence of O. tetraspis in some months may also be tied to reproductive cycles, as hunters may avoid or be restricted from harvesting nesting females during sensitive breeding periods (Hekkala et al., 2020). Overall, the data suggest that O. tetraspis availability in markets is shaped by seasonal hunting pressure, with higher occurrences during the dry season months (October–February) when crocodiles are more accessible in shrinking aquatic habitats, and markedly reduced supply towards the onset of the rainy season (April). Market-specific variation further indicates differences in sourcing intensity and trade dynamics among the three locations.
Model-predicted mean abundance increased from October through February before declining sharply toward April. This pattern is consistent with the hydrological regime of the Niger Delta, where lower water levels during the dry season may increase crocodile vulnerability to hunting and improve access to wetland habitats. In contrast, flooding during the onset of the rainy season may reduce hunting success by dispersing individuals across a larger area (Luiselli et al., 2021; Eaton et al., 2023).
Size-class composition was strongly skewed towards medium- and large-sized individuals, which together accounted for 78.48% of all Osteolaemus tetraspis recorded, while small-sized individuals constituted only 21.52% of the total harvest. Specifically, medium-sized dwarf crocodiles (MSDC) and large-sized dwarf crocodiles (LSDC) each represented 39.24% of the total individuals recorded, indicating a clear dominance of larger size classes in the bushmeat trade across the three markets. Such a pattern suggests selective harvesting of larger crocodiles, likely driven by their greater meat yield and higher market value (Mboh et al., 2020; Luiselli & Akani, 2019). However, this exploitation disproportionately targets reproductively mature individuals, which can severely impair population recruitment, population resilience, and long-term breeding potential (Shirley et al., 2015; Hekkala et al., 2020). The relatively low representation of small-sized individuals (21.52%) may reflect lower hunting preference for juveniles, deliberate avoidance due to lower economic returns, reduced recruitment into the exploited population, localized overharvesting, or differential detectability within the trade network (Amadi et al., 2022). Collectively, these findings suggest that harvesting pressure is concentrated on medium- and large-bodied crocodiles, a trend that may ultimately lead to population structure imbalances and compromise the sustainability of wild O. tetraspis populations coupled with gas flaring if left unmanaged (Ito & Ugbome, 2017).
Spatial variation also reflected market-specific dynamics. Uwa recorded the highest occurrences, confirming its role as a major bushmeat hub, while Edumanom and Ogbe-Ijaw showed lower but more size-selective patterns. This may indicate localized depletion of smaller size classes or differences in consumer preferences. Importantly, the absence of crocodile supply in some months, particularly in Edumanom, could signify local population declines rather than seasonal absence. Spatially, model-predicted mean abundance was highest in Edumanon, followed by Uwa and Ogbe-Ijaw, suggesting that Edumanon serves as an important trade aggregation point for O. tetraspis. The observed variation likely reflects differences in harvest intensity, habitat connectivity, and market accessibility across sites (Eniang et al., 2020).
Promotion of regulated crocodile farming presents a viable alternative that could reduce hunting pressure on wild populations while providing communities with income and meat/skin products. Evidence from other African regions demonstrates that community-based farming, when supported by training, market access, and appropriate legal frameworks, effectively integrates conservation with sustainable development (Hughes et al., 2023). For example, regulated crocodile ranching and farming programs in Zimbabwe, Zambia, and South Africa have successfully combined biodiversity conservation with rural economic incentives (Chihona, 2014; Utete et al., 2021). Incorporating conservation-informed, community-based economic options, particularly targeting hunters could lessen dependence on the crocodilian trade. Additionally, insights from bushmeat studies in Ibadan emphasize the importance of empowering women traders, who dominate specific aspects of the trade, with sustainable alternatives to balance ecological and social justice (Akani et al., 2015; Fa et al., 2019).
Conservation Implications
The spatiotemporal dynamics revealed by the model have clear implications for the conservation and sustainable management of O. tetraspis. Given the species’ Vulnerable status on the IUCN Red List, with overexploitation and habitat loss identified as principal threats (IUCN 2022, 2024), these findings underscore the need for adaptive, evidence-based management. Continued removal of large adults during critical aggregation periods may exacerbate local declines, particularly considering the species’ low fecundity, cryptic behaviour, and reliance on forested wetlands for nesting (Shirley et al. 2015; Luiselli et al. 2021). Integrating model-derived predictions with geospatial monitoring, community-based reporting, and market surveillance could inform sustainable harvest frameworks that safeguard populations while maintaining local livelihoods.
The socio-demographic composition of traders further highlights the need to embed social equity within conservation interventions. Women especially single parents and widows with limited formal education are disproportionately reliant on bushmeat commerce for subsistence. Blanket enforcement or trade prohibitions without viable economic alternatives risk exacerbating poverty and undermining compliance (Nasi et al. 2022). Hence, effective conservation should adopt participatory, livelihood-sensitive approaches that harmonise species protection with socio-economic resilience. Such integrative strategies align with regional recommendations for crocodilian conservation and sustainable use across West and Central Africa (Eaton et al. 2009), providing a robust, quantitative basis for the long-term persistence of O. tetraspis within the Niger Delta. However, conservation efforts should pursue:
i. Alternative livelihoods: Fish farming, small-scale agriculture, and micro-credit initiatives targeted at women traders.
ii. Culturally sensitive awareness programs: Oral, visual, and community-based approaches tailored to low-literacy audiences.
iii. Ethnic engagement: Collaboration with community and ethnic leaders to ensure legitimacy and compliance.
iv. Market-specific interventions: Policies tailored to the distinct socio-demographic and ecological dynamics of each market rather than uniform approaches.
v. Temporal and spatial protections: Limiting hunting during dry-season peaks and prioritizing high-pressure markets such as Uwa for monitoring and enforcement. 
Recommendations for Sustainable Management
Based on the findings of this research, the following are therefore recommended:
i. Temporal Harvest Regulation: Limiting hunting during mid-dry season peaks (e.g., October–February) could reduce pressure during critical moisture-related aggregation periods.
ii. Spatial Monitoring: Geographic targeting of conservation efforts around Uwa and Edumanon would help address high-intensity supply zones.
iii. Alternative Livelihood: Promotion of regulated crocodile farming could reduce hunting pressure on wild populations while providing communities with income and meat/skin products. Community-based farming, when supported by training, market access, and appropriate legal frameworks, effectively integrates conservation with sustainable development.
iv. Behavioral Surveillance: Monitoring the timing of reproductive nesting (May–June) affords opportunities for protecting nesting sites and allowing recruitment.
v. Awareness and Enforcement: Strengthened law enforcement in collaboration with communities particularly given that some hunting techniques (e.g., snares and shooting) vary regionally and seasonally can help deter unsustainable capture.
Limitations and Future Directions
This study relied primarily on market-based monitoring, and thus harvest rates could not be directly linked to wild population resilience. Future research should integrate systematic field surveys with market assessments to estimate sustainable offtake thresholds. Moreover, investigations into consumer demand cycles, price fluctuations, and cultural drivers would further enrich conservation planning.
CONCLUSION
The trade in O. tetraspis across Uwa, Edumanom, and Ogbe-Ijaw markets reflects a highly gendered, middle-aged, and ethnically structured economy that sustains vulnerable households but exerts unsustainable pressure on a threatened species. The predominance of medium- and large-bodied crocodiles in the trade underscores the risk of reproductive collapse under continued exploitation. Effective conservation will require a multi-pronged approach—balancing ecological protection with social equity, through alternative livelihoods, culturally adapted education, and market-specific interventions. The study demonstrates that O. tetraspis abundance in bushmeat markets is significantly influenced by both temporal availability and size-class selectivity. These results align with broader evidence of unsustainable exploitation of African crocodile populations and underscore the necessity of targeted conservation strategies.
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