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Abstract 

Seabob is a tropical marine shrimp species fished commercially by several South 

American countries, including Guyana. Catch and bycatch data collected by at-sea observers 

(2019-2020) for 48 bottom trawl fishing tows offshore of Guyana were analyzed concerning 

the explanatory variables: time of year, time of day, depth, and location. The objectives were 

to quantify the catch per unit effort (CPUE) and catchweight proportion (CWP) of the target 

seabob species and bycatch, to determine the effect of various fishing-related variables on 

the catch, and to examine species interactions among the target and bycatch species. Overall, 

60 bycatch species were identified with a mean of 21±4 species caught per fishing tow. The 

discarded bycatch made up a mean of 52% of each fishing tow, with proportions of up to 

78%. The CPUE of seabob and bycatch species Stellifer rastrifer (fish), Stellifer microps 

(fish), and Macrodon ancylodon (fish) were greatest. Linear models were applied to assess 

the relationship between catch and the explanatory variables. Principal Component Analyses 

(PCA) were applied to determine the associations among species. A one-way ANOVA of 

seabob CPUE as a function of fishing zones was significant (p < 0.01), with CPUE highest 

to the east of Guyana`s coastline. Time of year affected the CPUE of four of the top 10 

bycatch species, M. ancylodon (highest in September; 16 kgs/hr), S. plagusia (highest in 

April; 7 kgs/hr), B. bagre (highest in March; 4 kgs/hr), and T. lepturus (highest in September; 

11 kgs/hr). The CWP of the top 10 bycatch species was higher in June for C. ornatus 

(crustacean) and T. lepturus (fish), in fish zone 8 for C. ornatus, and in shallower depths for 

A. achirus. Bycatch species S. rastrifer, S. microps, and M. ancylodon were often caught 

together and were all significantly negatively correlated to seabob. These analyses facilitated 

a better understanding of the patterns in the seabob fishery in Guyana which will in turn 

assist in outlining better management measures. 
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Útdráttur 
 

Seabob er hlýsjávar rækjutegund sem veidd er í atvinnuskyni fyrir ströndum nokkurra 

ríkja í Suður Ameríku, þar á meðal Gvæjana. Gögn sem eftirlitsmenn um borð söfnuðu um 

afla og meðafla úr 48 togum undan ströndum Gvæjana voru greind m.t.t. tíma árs, tíma dags, 

dýpt og staðsetningu. Markmiðin voru að ákvarða afla á sóknareiningu (CPUE) og hlutfall 

þyngdar (CWP) af rækju og meðafla, til að ákvarða áhrif ýmissa veiðitengdra breytna á 

aflann og kanna samspil tegunda. Í heildina greindust 60 tegundir í meðafla, að meðaltali 21 

± 4 tegundir í togi. Hlutfall brottkasts meðafla var 52% að meðaltali, en fór mest upp í 78% 

í togi. Afli á sóknareiningu var hæstur hjá seabob og þremur fisktegundum í meðafla, 

Stellifer rastrifer, S.  microps og Macrodon ancylodon. Línuleg aðhvarfsgreining var notuð 

til að kanna tengsl afla og stýribreytna. Þáttagreiningu (Principal Component Analyzis) var 

beitt til að ákvarða tengsl á milli tegunda.  ANOVA greining leiddi í ljós marktækt samband 

(p <0,01) seabob CPUE og veiðisvæða þar sem veiðin var mest utan á austasta hluta 

veiðisvæðisins. Tími ársins hafði áhrif á CPUE hjá fjórum af 10 algengustu tegundum í 

meðafla, M. ancylodon (mest í september, 16 kg/klst.), S. plagusia (hæst í apríl, 7 kg/klst.), 

B. bagre (hæst í mars, 4 kg/klst., og T. lepturus (hæst í september, 11 kg/klst.). Hlutfall afla 

10 algengustu tegundanna í meðafla var hæst í júní fyrir C. ornatus (krabbadýr) og T. 

lepturus (fiskur), hæst á veiðisvæði 8 fyrir C. ornatus og á minnsta dýpi fyrir A. achirus. 

Meðaflategundirnar S. rastrifer, S. microps og M. ancylodon voru oft á sömu slóðinni og var 

marktækt neikvætt samband milli afla þeirra og afla seabob. Þessar greiningar auðvelduðu 

betri skilning á mynstrunum í sjávarútvegsveiðunum í Gvæjana sem aftur munu hjálpa til 

við að setja fram betri stjórnunaraðgerðir. 
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1 Introduction 

1.1  Bycatch   

The term bycatch refers to all the non-targeted animals and debris which are captured as a 

result of fishing (Eayrs, 2007). Bycatch species that are retained for landing are referred to as 

the “incidental catch”. However, bycatch species are often thrown back into the sea; in such 

cases, they are referred to as discards. Bycatch is a major issue in global fisheries and is 

considered a threat to marine life throughout the world's oceans (Komoroske & Lewison, 2015; 

Hall et al., 2000). In the past, bycatch has resulted in the decline of some marine populations 

(Lewison et al., 2004) and changes to benthic community structures (Alverson et al., 1994) 

which in turn negatively affect ocean productivity. The quantity of bycatch and the type of 

species affected will determine the severity of the impact (Hall et al., 2000). Long-lived bycatch 

species that have low reproductive rates and are heavily fished tend to be a conservation 

problem (Hall et al., 2000). Bycatch may include protected species (Zimmerhackel et al., 2015) 

and consequently, may contribute to further population decline and possible extinction.  

Discards are one of the most troubling aspects of bycatch. Globally, one-fourth of the total 

commercial catch is discarded (Cook, 2003). The individuals discarded are usually dead or 

dying (Bellido et al., 2011; Cook, 2003; Johnsen & Eliasen, 2011). Aside from being 

uneconomical, discarding can also result in considerable ecological impacts which include 

changes to the overall structure of trophic webs and habitats, thus threatening the sustainability 

of fisheries (Bellido et al., 2011; Kelleher, 2005). Data on discards are usually not reported and 

therefore are not accounted for in stock estimates (Johnsen & Eliasen, 2011). This may lead to 

inaccurate conclusions about the species abundance and in the end poor management 

interventions (Vivekanandan, 2017).  

Quantifying the biological impacts of bycatch requires knowledge of the life history, 

population connectivity, and other ecological relationships of the target and bycatch species 

(Komoroske & Lewison, 2015). Since bycatch has consequences at the population and 

ecosystem levels, this understanding, together with accurate bycatch estimates and spatial 

distribution of bycatch, is critical (Komoroske & Lewison, 2015). Life history characteristics 

for bycatch species such as age at sexual maturity and lifespan can help predict how bycatch 

populations will respond to fishing mortality (Lewison et al., 2004). Past studies have 

suggested that bycatch mortality can have higher-order effects, as a result of the removal of 

predatory species, which causes changes in food web dynamics and ecosystem functions 

(Banzon et al., 2019; Komoroske & Lewison, 2015; Lewison et al., 2004). The accidental 

removal of too many juveniles as bycatch can also lead to recruitment failure. While tools such 

as multispecies models and bycatch risk assessments have assisted with the quantification of 

the biological impacts of bycatch, assessing the broader ecological context of bycatch remains 

a work in progress (Hines et al., 2020; Kasperski, 2015; Komoroske & Lewison, 2015). 

 

One-quarter (~1.86 million tonnes) of the annual discarded bycatch within global fisheries 

are from shrimp fisheries (Kelleher, 2005), mostly comprising small teleosts (below 20 cm 
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total length), crustaceans, and cephalopods (Broadhurst et al., 2006; Kelleher, 2005). Bycatch 

in tropical shrimp fisheries can be around 10 times the catch of the target species when no 

bycatch reduction measures are applied (O’Keefe et al., 2014). There has however been 

substantial research on bycatch mitigation in shrimp fisheries, using for example Bycatch 

Reduction Devices (BRD) or well-planned temporal and spatial closures (Broadhurst, 2000; 

Hall et al., 2000; Kelleher, 2005). Despite these and other initiatives, bycatch levels in shrimp 

fisheries remain a challenge (O’Keefe et al., 2014).   

1.2  Seabob biology 

Seabob is a shrimp species of the family Penaeidae, with total lengths reaching 10 cm 

(Holthuis, 1980). It is found along the Western Atlantic Ocean coast from North Carolina in 

the United States to Santa Catarina State in South Brazil (Holthuis, 1980). Seabob can be found 

in both marine and brackish water habitats (Holthuis, 1980). Although the species can be found 

in depths of up to 70 meters, it is most common in shallow waters of less than 30 meters, 

making it readily available to coastal fishermen (Holthuis, 1980). Since juveniles prefer 

brackish water (less saline), they can be found mainly in estuaries and inshore coastal waters. 

The species reproduces all year, but with two distinct peaks between June and September 

(Paiva, 1996). Throughout their life cycle, they go through progressive changes in their marine 

phases (Figure 1), the majority of which take place offshore.  

 

 

 

Figure 1. The life cycle of a penaeid shrimp (Ward, 2011).  

1.3  Guyana’s seabob fishery 

The bottom trawl fishery for seabob shrimp (Xiphopenaeus kroyeri) in Guyana began in 

1984 and now accounts for most of the world’s catch (Torrez et al., 2015). Seabob catch 

increased markedly from around 1993 and has remained high since (Figure 2). The species is 

fished by both industrial and artisanal vessels throughout the year except for an 8-week closed 

season for the industrial fleet sometime between August to October when the seabob are small 

and unmarketable. The closed season coincides with the spawning season and thus offers some 
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protection for potential recruitment (Southall et al., 2019). Seabob is prized as Guyana’s most 

important seafood for export; with exports of 9000 metric tons (mt) in 2018 at a commercial 

value of 33.5 million USD. The fishery has a current annual harvest of about 18,144 mt, valued 

at 50 million USD (FAO, 2020). 

 
 

 
Figure 2. Annual seabob landings for Guyana from 1980 to 2019 (FAO, 2021). 

From the period 1981-2010, Guyanese vessels partaking in the seabob and finfish fishery 

were believed to have caught about 265,805 mt of seabob and 195,952 mt of finfish of which 

185,973 mt were discarded (MacDonald et al., 2015). The fishing fleet is now limited to 87 

vessels, legislated to fish between a marine regulated zone of 15- and 33-meters water depth 

along Guyana's coastline within the Exclusive Economic Zone (EEZ). The vessels are all 

outfitted with BRDs. The main BRDs used are the Turtle Exclusion Device (TED) and the 

Squared Mesh Window (SMW). The TED is designed to allow turtles and other large species 

to escape the net with minimal harm. The SMW replaces a segment of the usual diamond-

shaped meshes of the codend and assists in the escapement of larger fish (Al-Baz & Chen, 

2014). 
 

Across the development of Guyana’s seabob fishery, there has been relatively little 

management, until recent years. In the US Aid’s overview of the fisheries sector done in 2004, 

the seabob fishery was found to be exhibiting signs of distress. There had been a dramatic 

increase in fishing effort, catch per unit effort was decreasing and the proportion of juvenile 

shrimp in the catch was increasing, although formal assessment had not been done. Similar 

concerns had been expressed by FAO (2005). These limitations within the fisheries prevented 

the acquisition of Marine Stewardship Council Certification (MSC) in 2009, which is touted 

as an eco-label that enhances the fishery’s reputation and creates opportunities for dialogue 

with stakeholders thereby creating new marketing opportunities.  

 

To meet MSC certification standards, the seabob fishery needed to demonstrate that it 

posed no danger to the longnose stingray, improve its management as it relates to Endangered, 

Threatened, and Protected (ETP) species, and improves data collection concerning the 

interaction of the seabob fishery with ETP species.  
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Despite the acquisition of an MSC certification in the year 2019, and the use of BRDs, the 

seabob fishery continues to capture bycatch species, including juveniles of fish species and 

invertebrates. Some of the bycatch is landed (Southall et al., 2019) and the rest discarded. Most 

finfish discards in the artisanal seabob fishery were extremely unlikely to survive, with 44 

percent judged to be in bad health and 39 percent already dead (Kalicharan & Oxenford, 2020). 

They stated that the high level of discards would have a knock-on effect on other commercial 

fisheries and therefore warranted attention. Unfortunately, discards are not usually reported. 

Moreover, the accuracy of the data on bycatch in Guyana’s seabob fishery has been limited, 

and as such an observer program was initiated by WWF in 2015 to help improve reporting 

accuracy. Even though the observer program started in 2015, only the last fishing tows for a 

given fishing trip were sampled onshore, raising concerns about data authenticity and 

representation. This approach was attributed to a lack of funding and the supply of qualified 

observers, among other reasons. These challenges were eventually resolved, and the program 

was updated in 2019, with extended sampling performed aboard fishing vessels.  

 

Anecdotal information gathered from interviews with fishers and observers, together with 

recent findings, indicates that bycatch levels within the seabob fishery are high (Richardson, 

2018; Southall et al., 2019; Willems, 2018). The biomass of catch from fisheries appears to be 

influenced by fishery-related factors including time of year, time of day, location and fishing 

depth (Bochenek & Powell, 2021; Daliri et al., 2013; Gray et al., 2014; Petrakis, 2001; Stewart 

& Galbraith, 1987), however, this relationship has never been quantified and reported for 

Guyana. 

1.4  Purpose of the study 

In this thesis, observer data is used to analyze the relationship between target catch, 

bycatch, and fishing factors from Guyana`s seabob fishery (2019-2020). The factors evaluated 

include the time of year (month), time of day (day/night), and location (fishing zones) as well 

as fishing depth. The specific objectives are to (1) quantify both the bycatch and target catch 

from the fishery, (2) evaluate the impact of time of year (month), time of day (day/night), and 

location (fishing zones) as well as fishing depth on the bycatch and target catch, and (3) explore 

the associations among the most common bycatch species and seabob using PCA. The thesis 

concludes with an evaluation of the implications of discarding for the local seabob fishery.   
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2 Methods  

2.1  Study area and design  

The study design involved observers monitoring quasi-commercial fishing activity by 

seven vessels fishing for seabob. Overall, 48 fishing tows were sampled during eight fishing 

trips at a rate of six tows per fishing trip between February 2019 to February 2020 (Appendix 

B). These were considered a representative sample of the fishery. All tows were within 

Guyana`s Exclusive Economic Zone (EEZ) within the continental shelf 15-30 km from the 

shoreline, at depths ranging from 15-33 m ( 

Figure 3). Wherever possible, sampling was carried out by trained fishery observers, 

twice daily (during daylight hours and again at night) on three consecutive days. Each tow 

lasted for 3-4 hrs, at speeds of around 3 knots (1.5 m/s) in keeping with the industry standard. 

Weight data were recorded at a species level for discarded and target catch and as an aggregate 

for the incidentals which is composed of that part of the bycatch which is retained. For each 

tow, the time of year (month), time of day (day/night), location, and depth were recorded. To 

the best of the observers’ knowledge, depth and location were like those of a regular 

“unobserved” fishing trip. This approach was encouraged so as not to introduce biases.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Guyana`s EEZ and fishing zones with the main seabob fishing grounds shaded red 

(Richardson 2020). Inset highlights Guyana in the northern mainland of South America 

(Garstin & Oxenford, 2018).    
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Overall, seven fishing vessels were monitored, with one of those sampled twice. All fishing 

vessels used were ‘Florida-type’ outrigger trawlers, measuring ca. 21 m in length (Figure 4) 

and ca. 425 hp (Garstin & Oxenford, 2018; Southall et al., 2019). The fishing vessels were 

owned by the two main fishing companies and were outfitted for quad-rig bottom trawling, 

pulling a dual trawl at both starboard and port side (Meeremans et al., 2018; Southall et al., 

2019). The trawls had a vertical opening of roughly 2 m and tickler chains connected to the 

footrope (Meeremans et al., 2018; Southall et al., 2019). The body and wings of the trawl mesh 

were 60 mm in diameter, while the codend was 45 mm (Richardson, 2018).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - A typical 'Florida type' outrigger quad-rig trawl arrangement as used in Guyana`s 

Atlantic seabob shrimp fishery. TED = Turtle Excluder Device, BRD = Square-mesh window 

(Scott-Denton et al., 2012). 

2.2  Sampling  

The seabob and bycatch from each tow were separated and weighed. The incidentals 

were then removed by the crew and the discards set aside in baskets for the observers. The 

elasmobranchs from the discards were removed first, counted, and weighed. The remaining 

portion of the discards was then thoroughly mixed, and a random sample was selected. The 

random sample was approximately one basket (36-45 kg). Fish from the sample were identified 

to the species level, and the total weights by species were recorded to the nearest kg (for the 

bulkier species) and 0.01 kg (for the juveniles of species). Where the species were not 

immediately identified, the observers referred to the Cervigon et al. (1993) species manual. If 

identification was still not possible, a photo was taken, and a descriptive name was assigned 

for identification when onshore. The sampling weight was then used to scale up to the total 

weight of the tow.  
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2.3  Analysis  

The CPUE (kgs/hr) for the target, incidental, and discarded catch were calculated. As a 

second measure of bycatch importance, the proportion by weight for each species was 

calculated. Linear models and ANOVA were used to examine the relationship and interaction 

between catch and time of day, time of year, location, and depth as a covariate.  Both forward 

selection and backward elimination techniques were utilized. In the model selection process, 

the Akaike Information Criterion (AIC), i.e., the maximum likelihood with the minimum 

number of parameters was used.  

The CPUE for seabob and the top 10 discarded species were assessed against the 

explanatory variables using ANOVA and linear regression models. These models were 

repeated with CWP as the explanatory variable. The CPUE and CWP were right-skewed and 

thus were log-transformed within the models to induce normality before fitting. Generalized 

linear models - negative binomial (Glm-Nb) were also used to examine the relationships 

between CWP of the top 10 discarded species and the explanatory variables. The Glm-Nb 

performs better than the typical Glm with over-dispersed data. Thus, owing to the non-normal 

and highly dispersed, and skewed distribution of the CWP (i.e., average skewness was 3.34), 

the Glm-Nb distribution (i.e., with the variance not equal to the mean) was used. The non-

parametric test, Kruskal-Wallis was also used to look at the relationships between CWP of the 

top 10 discarded species and the explanatory variables. The test was done whenever the 

assumptions of one-way analysis of variance (ANOVA) were not met.  

Correlation matrices and principal component analyses (PCA) were applied to determine 

the associations among species. PCA reduces data dimensionality by converting original 

measurable variables into new uncorrelated variables. These are called principal components 

(PCs), which preserve details from the original data. This analysis used CPUE and CWP for 

seabob and the top 10 discarded species.  The variables were first standardized so that they 

contributed equally to the PCA. The standardization techniques used involved subtracting the 

mean of the variables from each observation (centering). This was followed by the division of 

each observation by the standard deviation of that variable (scaling).  

The R statistical software, version 4.0.3 (2020) was used. The R packages included: “tidy 

verse”, “MASS”, “broom”, “stat”, and “vegan” were used in the data analysis. 
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3 Results 

3.1  Description of Catch  

In total, 60 marine species were identified among the discards, belonging to 38 families 

in 21 orders, with Perciformes (22 species) being the dominant order (Appendix A). Of the 

60 marine species, 44 were fish and 16 invertebrates. Four of the sharks and ray species 

encountered are listed as “Near Threatened” by the International Union for Conservation of 

Nature (IUCN): Pseudobatos percellens, Rhinoptera bonasus, Ginglymostoma cirratum, 

Fontitrygon geijskesi, and one ray-finned fish as “Vulnerable”, Hyporthodus flavolimbatus 

(Table 1).  

Table 1: ETP species encountered off the coastline of Guyana (Froese & Pauly, 2019). 

Endangered 
species  

IUCN Red 
List Status 

 

Sampling 
frequency  
(tows 
present) 

CWP 
Threat to 
humans 

Human uses Distribution 

Pseudobatos 
percellens 

Near 
Threatened  

 6 <0.01 Harmless 

Fisheries: 
commercial; 
aquarium: 
commercial 

Western 
Atlantic: the 
Caribbean to 
Brazil, and 
possibly 
further south 
to northern 
Argentina. 
Eastern 
Atlantic: 
tropical waters 
of West Africa. 

Rhinoptera 
bonasus 

Near 
Threatened  

 3 <0.01 Traumatogenic 

Fisheries: 
minor 
commercial; 
aquarium: 
public 
aquariums 

Western 
Atlantic: from 
New England 
(USA) to 
northern 
Argentina; 
including 
northern 
Florida (USA), 
throughout the 
Gulf of Mexico, 
migrating to 
Trinidad, 
Venezuela, 
Brazil, and 
Uruguay. 

https://www.iucnredlist.org/species/161373/103935456
https://www.iucnredlist.org/species/161373/103935456
https://www.iucnredlist.org/species/60128/12310195
https://www.iucnredlist.org/species/60128/12310195
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Ginglymostoma 
cirratum 

Near 
Threatened  

 1 <0.01 Traumatogenic 

Fisheries: 
minor 
commercial; 
aquarium: 
public 
aquariums 

Atlantic Ocean 

Fontitrygon 
geijskesi 

Near 
Threatened  

 21 0.02  Venomous 
Fisheries: 
minor 
commercial 

Western 
Central 
Atlantic: 
patchy 
distribution, 
from Belize to 
northern Brazil 

Hyporthodus 
flavolimbatus 

Vulnerable  4 <0.01 Harmless 

Fisheries: 
commercial; 
gamefish: 
yes 

Western 
Atlantic: North 
Carolina, USA 
to southern 
Brazil, 
including Gulf 
of Mexico and 
the Caribbean. 

 

In this thesis, however, only the top 10 discarded species based on occurrence were 

examined i.e., species that were present in most fishing tows were examined (Table 2). 

Occurrence also coincided with the highest catch weights in most cases.  

Table 2: Description of the top 10 bycatch species 

Species  Type Human uses in Guyana 

Macrodon ancylodon Fish Commercial 

Callinectes ornatus Invertebrate (Crustacean)  Non-commercial  

Stellifer rastrifer Fish Non-commercial 

Stellifer microps Fish Non-commercial 

Cynoscion virescens Fish Commercial 

Symphurus plagusia Fish Non-commercial 

Bagre bagre Fish Commercial 

Trichiurus lepturus Fish Minor-commercial 

Achirus achirus Fish Non-commercial 

Paralonchurus brasiliensis Fish Minor-commercial 

 

 

The mean number of species sampled per fishing tow was 22 (with a range of 11 to 33) 

(Appendix A). The catch weights and rates (CPUE) across fishing tows were highest for the 

target species in 16 tows and the discarded catch in 31 tows. The target seabob catch was 

highest in two of seven months (February and June), two of seven fishing depths (16 and 18 

meters), and one of six fishing zones (zone 8).  

https://www.iucnredlist.org/species/60128/12310195
https://www.iucnredlist.org/species/60128/12310195
https://www.iucnredlist.org/species/60128/12310195
https://www.iucnredlist.org/species/60128/12310195
https://www.iucnredlist.org/species/64400/46915591


 

23 

The CPUE for the sum of the discarded species tended to be higher than that of seabob, 

and much higher than that of the incidental species across fishing tows (Appendix A). The 

mean seabob CPUE was 45 ± 22 kgs/hr (with a range of 11 to 145 kgs/hr), whereas the mean 

for the sum of the discarded species was 56 ± 28 kgs/hr (with a range of 16 – 120 kgs/hr) 

and the mean of the incidental species was 4 ± 5 kgs/hr (with a range of 1 to 36 kgs/hr). 

Despite the highest recorded CPUE for the catch categories being 145 kgs/hr (seabob – 

fishing tow 21), there were only five other fishing tows where the CPUE for the catch 

categories were at least 100 kgs/hr (one for seabob and four for the sum of the discard 

species).  

The CWP for the sum of the discarded species tended to be higher than that of seabob, 

and much higher than that of the incidental species across fishing tows (Appendix A). The 

mean CWP was the highest for the sum of the discarded species 0.52 ± 0.14 (with a range of 

0.24 to 0.78), followed by the mean for seabob 0.44 ± 0.14 (with a range of 0.19 to 0.72) 

and the mean for the incidental species 0.03 ± 0.03 (with a range of 0.01 to 0.2). Despite the 

highest recorded CWP for the catch categories being 0.78 (the sum of discarded species – 

fishing tow 8), there were only five other fishing tows where the CWP for any single one of 

the catch categories was above 0.70 (one for seabob and four for the sum of the discard 

species). 

The mean CPUE for the top 10 discarded species was 4 ± 6 kgs/hr (with a range of 0.003 

to 51 kgs/hr). The CPUE for the discarded fish species Stellifer rastrifer, Stellifer microps, 

and Macrodon ancylodon tended to be higher than the remaining top 10 discard species 

across fishing tows. Together Stellifer rastrifer (15), Stellifer microps (12), and Macrodon 

ancylodon (11) had the highest CPUE for 38 of the 48 (i.e., 79%) fishing tows among the 

discarded species. Exceptional CPUE were recorded by fish species Symphurus plagusia (32 

kgs/hr) in fishing tow eight, Stellifer microps (34 kgs/hr) in fishing tow fourteen, Stellifer 

rastrifer (41 kgs/hr) in fishing tow eighteen, and Trichiurus lepturus (51 kgs/hr) in fishing 

tow 32.  
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3.2  Effects of fishing factors on the catch of 

seabob  

The April-June periods had the highest mean seabob CPUE (Figure 5). A one-way 

ANOVA of the seabob CPUE with month as a factor showed that the changes in CPUE 

across months were not significant (p > 0.05). Seabob CPUE ranged from 30 ± 9 to 69 ± 45 

kgs/hr i.e., at months 3 and 6, respectively. The mean CPUE was 46 ± 12 kgs/hr.  

 

Figure 5: CPUE for seabob vs months with standard error bars. No sampling was done in 

months 1, 5, 7, 11 & 12 in 2012, and sampling was only conducted in month 2 in 2020. 
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The mean CPUE for seabob was comparable across time of day (Figure 6)  i.e., 45 ± 

25 kgs/hr in the day and 46 ± 20 kgs/hr in the night and the mean CPUE was 45 ± 0.2 kgs/hr. 

A one-way ANOVA of the seabob CPUE with the time of day as a factor showed that the 

changes in CPUE across time of day were not significant (p > 0.05). 

 

Figure 6: CPUE for seabob vs time of day with standard error bars. The day was defined 

from 6:00 hrs to 17:59 hrs and night from 18:00 to 5:59 hrs. 
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Overall, the mean CPUE for seabob was comparable across fishing depths, which was 

treated as a continuous covariate in the analysis (Figure 7). A linear regression of seabob 

CPUE with fishing depth as a covariate showed that the changes in CPUE across fishing 

depths were not significant (p > 0.05). Seabob CPUE ranged from 38 ± 14 to 55 ± 47 kgs/hr 

i.e., at fishing depths 15 and 16 m, respectively. The mean CPUE was 46 ± 6 kgs/hr.  

 

Figure 7: CPUE for seabob vs fishing depth with standard error bars.  
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The mean CPUE for seabob was significantly higher in fishing zone 8 when compared 

to the others (Figure 8). A one-way ANOVA of seabob CPUE with fishing zone as a factor 

was significant (p < 0.01). Seabob CPUE was highest towards the eastern section (fishing 

zones 6 to 8) of Guyana`s EEZ (Figure 8). Seabob CPUE ranged from 23 to 67 ± 37 kgs/hr 

i.e., at fishing zones 5 and 8, respectively. The mean CPUE was 39 ± 16 kgs/hr.  

 

Figure 8: CPUE for seabob vs fishing zones with standard error bars. Fishing zones 2 and 

5 both had single fishing tows hence the absence of standard error bars. No samples were 

taken in fishing zones 1, 3, and 9.   
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The previous analysis looked at seabob CPUE vs each factor. Another approach taken, 

was to model seabob CPUE against multiple factor combinations and selecting the best 

model based on the AIC. A similar approach was repeated for seabob CWP and the top 10 

species CPUE and CWP.      

The best linear model of seabob CPUE included time of day and fishing zone as factors 

and fishing depth as a covariate (Table 3). Although the model as a whole was not significant 

(p > 0.05), the fishing zone effect was significant (p < 0.05).  

Table 3: ANOVA table of the final linear model for seabob CPUE vs factors: time of day 

and fishing zones; fishing depth was included as a covariate. Fishing zones 2 and 5 were 

omitted due to limited tows.  

 Df Sum sq Mean sums of squares  F value Pr(>F) 

Time of day 1 0.02 0.02 0.09 0.77 

Fishing depth (m) 1 0.04 0.04 0.23 0.63 

Fishing zones 3 1.55 0.52 2.89 * 

Residuals 39 6.96 0.18   

Significance codes for p-values:  0 to 0.001 = ‘***’, > 0.001 to 0.01 = ‘**’, > 0.01 to 0.05 = 
‘*’ and > 0.05 to 0.1 = ‘.’ 

The best linear model of seabob CWP included fishing depth as a covariate and time 

of day and month as factors (Table 4). The model was found to be significant (p < 0.01) with 

parameter coefficients -0.2 (month 3), -0.05 (month 4), 0.02 (month 6), -0.08 (month 8), -

0.3 (month 9), -0.3 (month 10) and 0.4 (time of day-night) and a slope of -0.01 (fishing 

depth) (Table 5). The one-way ANOVA showed that the month effect was significant (p < 

0.05) in the model.  

Table 4: ANOVA table of the final linear model for seabob CWP vs factor: month and time 

of day; fishing depth was included as a covariate.   

 Df Sum Sq Mean Sq F value Pr(>F) 

Month 6 0.34 0.06 4.57 ** 

Time of day 1 0.03 0.03 2.53 0.12 

Fishing depth (m) 1 0.02 0.02 2.02 0.16 

Residuals 38 0.46 0.01   

Significance codes for p-values:  0 to 0.001 = ‘***’, > 0.001 to 0.01 = ‘**’, > 0.01 to 0.05 = 
‘*’ and > 0.05 to 0.1 = ‘.’ 
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Table 5: Summary table with the standard errors around the estimates from the final linear 

model for seabob CWP vs factor: month and time of day; fishing depth was included as a 

covariate.   

   Estimate  Std. Error  Pr(>|t|)  

(Intercept) 0.74 0.18 *** 

Month3 -0.15 0.06 ** 

Month4 -0.05 0.06 0.40 

Month6 0.02 0.06 0.76 

Month8 -0.08 0.07 0.25 

Month9 -0.28 0.08 *** 

Month10 -0.26 0.08 ** 

Time of day (Night) 0.04 0.03 0.21 

Fishing Depth (m) -0.01 0.01 0.16 

Significance codes for p-values:  0 to 0.001 = ‘***’, > 0.001 to 0.01 = ‘**’, > 0.01 to 0.05 = 
‘*’ and > 0.05 to 0.1 = ‘.’ 
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3.3  Effects of fishing factors on bycatch 

The CPUE of the top 10 most abundant discarded species across months ranged from 

0.04 to 18 kgs/hr with a mean of 3.8 ± 4.2 kgs/hr (Figure 9). The CPUE for fish species 

Stellifer rastrifer and Stellifer microps tended to be higher than that of the remaining top 10 

discarded species across months. These two species had the highest CPUE for 6 of the 7 

months. One-way ANOVAs of CPUE for each of the top 10 discard species with the month 

as a factor showed that the changes in CPUE across months were significant for fish species 

Macrodon ancylodon (p < 0.05, highest in September, 16 kgs/hr), Symphurus plagusia (p < 

0.05, highest in April, 7 kgs/hr), Bagre bagre (p < 0.05, highest in March, 4 kgs/hr) and 

Trichiurus lepturus (p < 0.01, highest in September, 11 kgs/hr). 

 

Figure 9: CPUE for the top 10 discard species vs months with standard error bars. No 

sampling was done in months 1, 5, 7, 11, and 12. 
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The top 10 discarded species CPUE across time of day ranged from 1 to 11 kgs/hr with 

a mean of 4 ± 3 kgs/hr (Figure 10). The CPUE for fish species Macrodon ancylodon, Stellifer 

rastrifer, and Stellifer microps tended to be above that of the remaining top 10 discarded 

species and did not change much across time of day. One-way ANOVAs of CPUE for the 

top 10 discard species with the time of day as a factor showed that the changes in CPUE 

across time of day were only significant for fish species Macrodon ancylodon (p < 0.05), 

where the CPUE during the day was higher.  

 

 

Figure 10: CPUE for the top 10 discard species vs time of day with standard error bars. 
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The top 10 discarded species CPUE across fishing depth ranged from 0.04 to 19 kgs/hr 

with a mean of 4 ± 4 kgs/hr (Figure 11). The CPUE for fish species Macrodon ancylodon, 

Stellifer rastrifer, Stellifer microps, and Cynoscion virescens tended to be higher than that 

of the remaining top 10 discarded species across fishing depths. Linear regressions of CPUE 

for the top 10 discard species as a function of fishing depth as a covariate were all non-

significant (p > 0.05).  

 

 

Figure 11: CPUE for the top 10 discard species vs fishing depths.  
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The top 10 discarded species CPUE across fishing zones ranged from 0.04 to 12 kgs/hr with 

a mean of 4 ± 3 kgs/hr (Figure 12). Four of the five highest CPUE were for fish species 

Stellifer rastrifer and Stellifer microps and they were all observed between fishing zones 6 

to 8: located to the east of Guyana`s coastline. One-way ANOVAs of CPUE for the top 10 

discard species with the fishing zones a factor showed that the changes in CPUE across 

fishing zones were not significant (p > 0.05) for all of the top 10 discard species. 

 

 

Figure 12: CPUE for the top 10 discard species vs fishing zones. No samples were taken in 

fishing zones 1, 3, and 9. 
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The best linear models for the top 10 discard species CPUE included month and time 

of day as factors (Table 6). However, several other factor effects were significant. Overall, 

8 out of the 10 linear models for the top 10 discards species CPUE had significant factors: 

fishing zones (thrice), month (four), time of day (once), and the interaction term between 

time of day and fishing zone (once). Fishing depth as a covariate was significant once.   

Table 6: ANOVA tables of the final linear models for the top 10 discard species CPUE vs 

month, time of day and fishing zones as factors, and fishing depth as a covariate.   

Model  Species Factors  Df Sum Sq Mean Sq F value Pr(>F) 

1 
M. 
ancylodon  

Month 6 12.16 2.03 2.01 . 

  Time of day 1 5.30 5.30 5.25 * 

  Residuals 37 37.35 1.01   

2 C. ornatus Time of day 1 0.36 0.36 0.21 0.65 

  Fishing depth (m) 1 0.17 0.17 0.10 0.75 

  Fishing zones 3 20.43 6.81 4.09 ** 

  Residuals 39 64.96 1.67   

3 S. rastrifer Fishing depth (m) 1 1.19 1.19 0.98 0.33 

  Fishing zones 3 7.32 2.44 2.01 0.13 

  Time of day 1 2.43 2.43 2.00 0.17 

  Fishing zones:  Time of day 3 12.44 4.15 3.42 * 

  Residuals 36 43.70 1.21   

4 S. microps Month 6 19.56 3.26 0.89 0.51 

  Time of day 1 2.74 2.74 0.75 0.39 

  Residuals 37 134.93 3.65   

5 C. virescens Time of day 1 3.39 3.39 1.22 0.28 

  Fishing depth (m) 1 0.21 0.21 0.07 0.79 

  Fishing zones 3 77.54 25.85 9.31 *** 

  Residuals 39 108.30 2.78   

6 S. plagusia Month 6 67.59 11.27 3.25 * 

  Time of day 1 8.89 8.89 2.56 0.12 

  Fishing depth (m) 1 0.00 0.00 0.00 0.99 

  Month:  Time of day 6 12.60 2.10 0.61 0.72 

  Time of day:  Fishing depth (m) 1 0.01 0.01 0.00 0.95 

  Residuals 29 100.63 3.47   

7 B. bagre Month 6 60.62 10.10 4.14 ** 

  Time of day 1 1.70 1.70 0.70 0.41 

  Residuals 37 90.31 2.44   

8 T. lepturus Month 6 98.16 16.36 5.48 *** 

  Time of day 1 9.41 9.41 3.15 . 

  Residuals 37 110.49 2.99   

9 A. achirus Time of day 1 2.12 2.12 0.89 0.35 

  Fishing depth (m) 1 15.66 15.66 6.53 ** 

  Fishing zones 3 46.59 15.53 6.48 *** 

  Residuals 39 93.51 2.40   

10 
P. 
brasiliensis 

Time of day 1 0.09 0.09 0.02 0.89 
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  Fishing depth (m) 1 2.87 2.87 0.60 0.44 

  Fishing zones 3 20.24 6.75 1.41 0.26 

  Residuals 39 186.89 4.79   

Significance codes for p-values:  0 to 0.001 = ‘***’, > 0.001 to 0.01 = ‘**’, > 0.01 to 0.05 = ‘*’ and > 
0.05 to 0.1 = ‘.’ 
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The best Glm-Nb for the top 10 discard species CWP included time of day and fishing 

zone as factors and fishing depth as a covariate (Table 7). Time of year (the final predictor 

variable) was found to be non-significant. Overall, 6 out of the 10 Glm-Nb models for the 

top 10 discards species CPUE indicated that adding predictor variables improved the models.   

Table 7: ANOVA tables of the results for the final Glm-Nb models compared to the null 

(intercept only) models for the top 10 discard species – CWP vs time of day and fishing 

zone as factors, and fishing depth as a covariate. 

Model Latin names Models Resid. Df Resid. Dev Df Deviance Pr(>Chi) 

1 M. ancylodon Null Model  
Full Model  

44 1.96    
  39 1.94 5 0.02 0.21 

2 C. ornatus Null Model  
Full Model  

44 0.42    
  39 0.39 5 0.03 *** 

3 S. rastrifer Null Model  
Full Model  

44 2.67    
  39 2.65 5 0.01 0.62 

4 S. microps Null Model  
Full Model  

41 2.24    
  36 2.23 5 0.01 0.63 

5 C. virescens Null Model  
Full Model  

40 1.167    
  35 1.143 5 0.024 ** 

6 S. plagusia Null Model  
Full Model  

40 0.57    
  35 0.52 5 0.06 *** 

7 B. bagre Null Model  
Full Model  

39 0.71    
  34 0.70 5 0.01 * 

8 T. lepturus Null Model  
Full Model  

38 0.81    
  33 0.71 5 0.10 *** 

9 A. achirus Null Model  
Full Model  

36 0.18    
  31 0.17 5 0.01 * 

10 P. brasiliensis Null Model  
Full Model  

34 0.44    
  29 0.43 5 0.01 . 

Significance codes for p-values:  0 to 0.001 = ‘***’, > 0.001 to 0.01 = ‘**’, > 0.01 to 0.05 = ‘*’ and > 
0.05 to 0.1 = ‘.’ 
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Kruskal-Wallis tests for the top 10 discarded species CWP as a function of company, 

time of day, month, fishing zones, and fishing depth were significant for one-half of the top 

10 discarded species (Table 8). The significant interactions included two species across 

companies, C. ornatus (p < 0.05) and S. rastrifer (p < 0.05); three species across months, C. 

ornatus (p < 0.05), C. virescens (p < 0.01) and T. lepturus (p < 0.001); two species across 

fishing zones, C. ornatus (p < 0.01) and C. virescens (p < 0.01); and one species across 

fishing depths, A. achirus (p < 0.05). C. ornatus was the only top 10 discarded species whose 

CWP was significantly impacted by more than two factors. Time of day was the only factor 

which did not significantly impact the CWP of any of the top 10 discarded species.  

The Dunn’s test was then used to identify the factor levels which were different. The 

CWP were significantly different between the following factor levels: companies NHS vs. 

PSI (p < 0.05, higher for PSI) for crustacean species C. ornatus and companies NHS vs. PSI 

(p < 0.05, higher for NHS) for fish species S. rastrifer; months 2 vs. 6 (p < 0.05, higher for 

month 6) and 6 vs. 9 (p < 0.05, higher for month 6) for crustacean species C. ornatus, months 

2 vs. 6 (p < 0.05, higher for month 2) for fish species C. virescens, and  months 2 vs. 6 (p < 

0.01, higher for month 6), 3 vs. 6 (p < 0.05, higher for month 6) and 2 vs. 9 (p < 0.05, higher 

for month 9) for fishing species crustacean fish species T. lepturus; fishing zones 6 vs. 8 (p 

< 0.05, higher for fishing zone 8) and 7 vs. 8 (p < 0.05, higher for fishing zone 8) for 

crustacean species C. ornatus, and fishing zones 6 vs. 8 (p < 0.05, higher for fishing zone 6) 

and 7 vs. 8 (p < 0.01, higher for fishing zone 7) for fish species C. virescens; and fishing 

depth 16 vs. 9 (p < 0.05, higher for fishing depth 9) for fish species A. achirus.  

Table 8: The p-values obtained from the Kruskal-Wallis tests for the top 10 discard species 

– CWP. 

Latin names 
P-values 

Company Time of day Month Fishing zones Fishing depth (m) 

Macrodon ancylodon 0.39 0.45 0.09 0.77 0.07 

Callinectes ornatus * 0.87 * ** 0.56 

Stellifer rastrifer * 0.47 0.10 0.43 0.74 

Stellifer microps 0.05 0.41 0.17 0.68 0.31 

Cynoscion virescens 0.05 0.78 ** ** 0.38 

Symphurus plagusia 0.10 0.10 0.32 0.25 0.23 

Bagre bagre 0.89 0.24 0.13 0.39 0.11 

Trichiurus lepturus 0.24 0.11 *** 0.08 0.09 

Achirus achirus 0.55 0.68 0.15 0.48 * 

Paralonchurus 
brasiliensis 

0.95 0.74 0.33 0.74 0.79 

Significance codes for p-values:  0 to 0.001 = ‘***’, > 0.001 to 0.01 = ‘**’, > 0.01 to 0.05 = ‘*’ and > 
0.05 to 0.1 = ‘.’ 
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3.4  Species Correlations  

The top 10 discarded species and seabob CWP were either uncorrelated or exhibited 

weak correlation (except for the strong correlation between Xiphopenaeus kroyeri and 

Stellifer microps). Nonetheless, they were four instances of significant correlation: where 

the CWP of seabob (Xiphopenaeus kroyeri) was negatively correlated with that of Macrodon 

ancylodon (p < 0.05), Stellifer microps (p < 0.001), Stellifer rastrifer (p < 0.01) and 

Trichiurus lepturus (p < 0.05) (Figure 13). The univariate distributions of CWP plotted as 

histograms and kernel density plots were right-skewed for all species except for seabob. The 

pair-wise correlations to the right of the diagonal, with red stars, indicate the significance 

levels. The relationships between the top 10 discarded species and seabob are visible from 

the bivariate scatterplots to the left side of the diagonal, with loess smoothers (colored red) 

highlighting the trends.   

 

 

Figure 13: Significant correlations between four of the top 10 discarded species and 

seabob CWP. Significance levels for the coefficients are marked by asterisks. 0 to 0.001 = 

‘***’, > 0.001 to 0.01 = ‘**’, > 0.01 to 0.05 = ‘*’ and > 0.05 to 0.1 = ‘.’  
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The first two principal components (PC 1 and PC 2) from a principal component 

analysis (PCA) together explained just over one-quarter of the variance amongst the top 10 

discarded species and seabob CPUE (Figure 14). An examination of the species axes has 

highlighted differing associations, e.g., discarded species Stellifer microps, Stellifer 

rastrifer, and Paralonchurus brasiliensis were positively correlated and closely allied with 

each other. The inverse correlation between some of the discarded species and seabob was 

also clear. The larger grouping of positively correlated species in the top right of the plot 

was negatively correlated with Callinectes ornatus and Symphurus plagusia. The model 

showed that Bagre bagre and Symphurus plagusia were not associated with the other 

species.   

 

 

 

Figure 14: Correlations between the top 10 discarded species and seabob CPUE as 

indicated in a Principal Component Analysis. Positively correlated variables point to the 

same side of the plot, while negatively correlated variables point in the opposite direction. 

Angles between arrows approximate their correlations: 90° = 0 correlation, < 90° = 

positive correlation, > 90° = negative correlation, and 0° implies correlation = 1.  
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Overall, the first 4 PCs explained 52% of the total variance for the top 10 discarded 

species and seabob CPUE (Table 9). PC1 was comprised mostly of Macrodon ancylodon, 

hence, taking negative loadings into account, this implied that a higher PC1 meant that 

fishing tows had the highest CPUE for Macrodon ancylodon and the lowest for Callinectes 

ornatus. Otherwise, fishing tows with high CPUE for seabob (PC2), Symphurus plagusia 

(PC3), and Trichiurus lepturus (PC4) had the lowest CPUE for Paralonchurus brasiliensis 

(PC2, PC3) and Cynoscion virescens (PC4).  

Table 9: The top 10 discarded species and seabob CPUE and their contribution to PC1, 

PC2, PC3, and PC4, along with the percentage variance explained. The positive and 

negative numbers represent the positive and negative loadings, respectively. 

Species  
PC 1 

(18.0 %) 
PC 2 

(12.2 %) 
PC 3 

(11.6 %) 
PC 4 

(10.6 %) 

Paralonchurus brasiliensis 4.2 - 29.7 - 12.1 3.4 

Macrodon ancylodon 26.2 9.7 - 1.8 2.3 

Bagre bagre 1.3 0.5 5.7 - 17.2 

Stellifer microps 17 - 5.1 1.3 7.5 

Stellifer rastrifer 17.4 - 9.6 9.4 1.8 

Achirus achirus 5.1 0.7 17.3 - 4.9 

Xiphopenaeus kroyeri - 0 21.5 - 0.1 1.8 

Cynoscion virescens 16.9 5.2 - 6.9 - 21.1 

Callinectes ornatus - 11.3 - 0.4 - 0 0.5 

Trichiurus lepturus 0.2 17.2 - 0 38.3 

Symphurus plagusia - 0.5 - 0.4 45.3 1.1 
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The first two principal components (PC 1 and PC 2) from a PCA together explained 

more than one-quarter of the variance for the top 10 discarded species and seabob CWP 

(Figure 15). An assessment of the species axes has emphasized contrasting relations i.e., 

from looking at the arrows on the graph, for example, discarded species Stellifer microps, 

Stellifer rastrifer, and Achirus achirus were positively correlated and closely associated with 

each other. The inverse correlation between the three discarded species discussed above and 

seabob was also evident. Additionally, the larger grouping of positively correlated species 

in the bottom right of the plot was negatively correlated with Callinectes ornatus and 

Symphurus plagusia. The model showed that Bagre bagre and Trichiurus lepturus were not 

associated with the other species.  

 

 

Figure 15: Correlations between the top 10 discarded species and seabob CWP as 

indicated in a Principal Component Analysis. Positively correlated variables point to the 

same side of the plot, while negatively correlated variables point in the opposite direction.  

Angles between arrows approximate their correlations: 90° = 0 correlation, < 90° = 

positive correlation, > 90° = negative correlation, and 0° implies correlation = 1.  
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Overall, the first 4 PCs explained 55 % of the total variance for the top 10 discarded 

species and seabob CWP (Table 10). PC1 was comprised mostly of Stellifer microps, 

therefore, taking negative loadings into account, this implied that a higher PC1 meant that 

fishing tows had the highest CWP for Stellifer microps and the lowest for seabob 

(Xiphopenaeus kroyeri). Otherwise, fishing tows with the highest CWP for Symphurus 

plagusia (PC2), Trichiurus lepturus (PC3), and Achirus achirus (PC4) had the lowest CWP 

for Cynoscion virescens (PC2), Stellifer rastrifer (PC3), and Callinectes ornatus (PC4).  

Table 10: The top 10 discarded species and seabob CWP and their contribution to PC1, 

PC2, PC3, and PC4, along with the percentage variance explained. The positive and 

negative numbers represent the positive and negative loadings, respectively. 

Species  
PC 1 

(18.6 %) 
PC 2 

(13.9 %) 
PC 3 

(12.5 %) 
PC 4 

(10.3 %) 

Paralonchurus brasiliensis 5.7 - 10.1 - 0.2 - 12.3 
Macrodon ancylodon 6.9 - 11.4 20.4 11.7 
Bagre bagre 0.2 - 1.3 - 6.2 0.4 
Stellifer microps 21 1 2.7 - 10.2 
Stellifer rastrifer 11.4 9.7 -11.2 - 1.6 
Achirus achirus 3.7 12.3 - 0.7 21.5 
Xiphopenaeus kroyeri - 38.3 - 3.2 - 3.4 0.8 
Cynoscion virescens 5.3 - 19.8 - 6.1 14.2 
Callinectes ornatus - 6 3.9 1.6 - 13.1 
Trichiurus lepturus 1.5 - 0 45.4 - 2.5 
Symphurus plagusia - 0 27.4 2.3 11.6 
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4 Discussion 

4.1  Impact of fishing factors on catch 

Seabob   

The CPUE for seabob was significantly impacted by fishing location (the eastern section 

of Guyana`s EEZ had the highest CPUE), although month, time of day, and fishing depth 

were not. Similar observations were made in a previous study on the spatiotemporal 

evaluation of seabob (Kolling et al., 2019), wherein the effect of fishing vessel location on 

catch productivity was being measured against similar factors in addition to the physical 

characteristics of the vessel. Another study found CPUE for seabob to be high both during 

the day and night; with no significant difference in the time of day, however, in locations 

where fine and very fine sand predominated, CPUE was highest (Simões et al., 2010). 

Seabob is epibenthic, preferring mud or sand, and are found in abundance near river estuaries 

due to the high sedimentation and the consequent associated with high nutrients (Downie, 

2018; Holthuis, 1980). Sediment type, salinity, and temperature are among the most 

significant variables influencing the spatial and seasonal distribution of seabob, according 

to studies in Brazil (Costa et al., 2007). A recent mapping of the benthic habitats along the 

Guyana shelf identified a continuous distribution of marine infralittoral mud along the 

coastline between fishing zones 4 and 8 (Downie, 2018).  Any likely impact of these 

parameters on this study is unknown since they were not measured. While seabob is believed 

to be available year-round, the lack of data for each month of the year and the shortened time 

series did not allow for a full analysis of the monthly catch trends.  

Bycatch 

The results from the linear models showed that time of day, month, and fishing depth 

were amongst the main factors to significantly impact the top 10 bycatch CPUE and CWP. 

These results, however, were not the same for all the species examined. Thus, the CPUE of 

M. ancylodon, S. plagusia, B. bagre, and T. lepturus were affected by the time of day and 

month whereas the CWP for C. ornatus, C. virescens, S. plagusia, B. bagre, T. lepturus, and 

A. achirus were affected by fishing depth (Chapter 3.3). Similar results were made in 

previous studies (Grazia Pennino et al., 2016; Krumme et al., 2004; Ribeiro et al., 2014; 

Sbrana et al., 2003), although the bycatch species compositions were somewhat different. 

Fishing tows with high catches of M. ancylodon, S. microps, S. rastrifer, and T. lepturus 

caught significantly less seabob. Similar observations were made in a previous study of 

seabob (Rodrigues-Filho et al., 2020), although seabob was both significantly positively and 

negatively associated with the most frequent bycatch species.  
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4.2  Quantifying catch and bycatch   

A total of 38 families belonging to 21 orders were found. The catches were dominated 

by the Sciaenid discarded fish species S. rastrifer, S. microps, and M. ancylodon in addition 

to the target species (X. kroyeri - seabob). This was similar to past studies (Lowe, 1966; 

Richardson, 2018; Willems, 2018). This result, however, contrasted with Lowe (1966) where 

Micropogonias fumieri made up 43% of all the catches (Lowe-McConnell 1966). During 

our research, this species never proved to be dominant, and it was only sparsely caught in 

15% of the fishing tows. This may be a result of overexploitation due to its relatively high 

economic value (Bianchi, 1992). Although seabob accounted for the highest single species 

biomass, the sum of the bycatch species biomass was higher. While most of the bycatch was 

not commercially important; they play key roles as food for the predatory sciaenids, 

including M. ancylodon (Lowe-McConnell, 1966; Willems, 2016).  

The average weight of the bycatch from the seabob fishery that was observed within 

this study was always greater than 50% of the total catch and on occasions exceeded 78%. 

This finding contrasts with that of the seabob fishery in neighboring Suriname whose 

bycatch is ca. 40% (Meeremans et al., 2018). The Guyana seabob trawl fishery, like most 

trawling for shrimp in tropical coastal waters, catches several non-target organisms such as 

fish, elasmobranchs, and benthic invertebrates in addition to the target species. The 60 

marine species found in this study were a notably smaller number than that recorded recently 

in Guyana (114) and Suriname (190) (Willems, 2018). Fish is the dominating bycatch 

species in both Guyana and Suriname, and like Suriname, Guyana only utilizes a small 

portion of the bycatch 4 and 3%, respectively (Meeremans et al., 2018; Zhou, 2008). The 

retained species composition is very similar in both countries, with bangamary (Macrodon 

ancylodon), seatrout (Cynoscion virescens), and butterfish (Nebris microps) among the more 

popular retained species.  

Discards 

According to Hall et al., 2000, most of the bycatch from trawl fisheries are not retained 

and, as a result, discards are high. While the causes for a species' discarding may vary, they 

have been linked to economic or social factors (Bellido et al., 2011) which involves the lack 

of commercial value for the species and non-recognition of species by stakeholders. The 

discard rate in this analysis was 0.52 ± 0.14, which is similar to the global mean for trawl 

fisheries (0.55 ± 0.05) (Pérez Roda et al., 2019). The length-frequency distributions of the 

most common fish species in previous studies, showed that the majority of fishes were small, 

including juveniles of larger and commercially valuable fish species (Meeremans et al., 

2018; Richardson, 2018; Southall et al., 2019; Willems, 2018). This is an indication that 

these fish populations use coastal waters as nurseries, which may be disrupted by trawling 

activities (Willems, 2016). Even though discard reduction should be a primary focus for 

achieving more sustainable fisheries, it must be assessed and tailored to local and regional 

circumstances, taking into account social, economic, and environmental influences 

(Carvalho et al., 2020; Veiga et al., 2016).  
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4.3  Species association and the environment 

While there is a rapidly increasing body of literature on tropical fish, their population 

dynamics, and fisheries, knowledge of species interactions and associations is limited. The 

principal component analyses showed that bycatch fish species S. rastrifer, S. microps, and 

M. ancylodon were often caught together and were all significantly negatively correlated to 

seabob. This association is probably influenced by ecological factors such as habitat type, 

salinity, temperature, and trophic linkages especially considering that seabob is usually 

preyed on by Sciaenid species (Bianchi, 1992; Lowe, 1966), which was outside of the scope 

of this thesis. The crustacean species X. kroyeri was often caught together with fish species 

T. lepturus which is a known predator (Bittar et al., 2012). Discarded fish species Larimus 

breviceps, Anchoviella lepidentostole, and Centropomus undecimalis were among the rarer 

species captured in fishing tows. The status of Larimus breviceps, which was once 

considered a widespread fish species off the coast of Guyana, seems to have changed (Lowe, 

1966).  

Many discarded marine species share the same habitat as seabob. Cefas (2018) noted 

that depths of 6 to 34m consist mainly of marine circalittoral mud and marine infralittoral 

mud, marine infralittoral sand, and marine infralittoral sand. Sand habitats were said to have 

more taxa than mud habitats, with a notable variation in abundance across sediment types. 

Common between both sediment types are crabs; Callinectes ornatus and Paradasygyius 

tuberculatus. “Coastal assemblages of epibenthos and fish occurred at 6, 13, and 20 m depth, 

in relatively turbid waters over muddy seabed sediments. From 27 m onward, offshore 

assemblages were discerned, characterized by higher epibenthic species richness, clearer 

waters and coarser sediments”(Southall et al., 2019). Willems (2018) found that coastal 

accumulations of demersal fish at 6, 13, and 20m depths were more diverse relative to the 

epibenthos assemblage where X. kroyeri was the dominant species.  The sediment type was 

muddy, with a “high clay fraction and low sand fraction” (Southall et al., 2019). Greater 

diversity in both fish epibenthic species was observed at depths ranging from 27 to 34m with 

coarser sediments and a higher sand fraction. The presence of these marine species in the 

seabob trawling zone accounts for the incidence of discard species with seabob catch.  

4.4  Species conservation    

Four of the sharks and ray species that were discarded in the observed seabob tows are 

listed as “Near Threatened” by the IUCN: Pseudobatos percellens, Rhinoptera bonasus, 

Ginglymostoma cirratum, Fontitrygon geijskesi, and one ray-finned fish as “Vulnerable”, 

Hyporthodus flavolimbatus. However, the CWP for these species was usually below 0.20 

(Table 1). Despite the use of TEDs, some of the IUCN species are still being caught. Similar 

results were seen in Suriname’s trawl fisheries (Meeremans et al., 2017).  At a minimum, 25 

ETP species are known to have been caught in the marine fisheries in the Guianas. These 

species include sea turtles, dolphins, sharks, and rays (Garstin & Oxenford, 2018; Willems, 

2017). Sea turtles, dolphins, and sharks are rarely caught in the seabob fishery, whereas rays 

are said to be encountered daily. While the sharks encountered are often retained, rays and 

sea turtles are usually discarded (Garstin & Oxenford, 2018).  

 

The vulnerability of a species may be determined by its population size, its likelihood 

of becoming extinct, reduction in geographic range, among other factors. “Thus vulnerability 
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can be caused by habitat loss or direct mortality as a result of human activities” (IUCN, 

2021). Across many fisheries, a variety of sharks, skates, and rays are encountered as bycatch 

in varied fishing activities, with the impact being negative (FAO, 2019). Many species of 

sharks, skates, and rays are being impacted as bycatch in diverse fishing activities (Ferretti 

et al., 2008; Bräutigam et al., 2015; Dulvy et al., 2016 as cited in FAO, 2019). Not only does 

unwanted bycatch affect economic income but it affects the sustainability of other fisheries, 

with consideration for vulnerable species and the conservation and survival thereof. Other 

challenges created by the seabob fishery as it relates to vulnerable species are the destruction 

of sensitive habitats and competition for prey. Some vulnerable species may depend on the 

target species as prey and thus the removal of a large biomass of the target species may 

severely disturb vulnerable species and other dependent species (FAO, 2019). 

4.5  Economic and ecological implications of 

bycatch 

The main species caught as bycatch in Guyana`s seabob fishery includes species which 

are commercially important to other local fisheries. Two of the top 10 discarded species, C. 

virescens (1623 t) and Macrodon ancylodon (1503 t) are the most common species caught 

by the fyke net and gillnet vessels which are a part of the artisanal fishery (Gascoigne, 2012). 

C. virescens, has the largest growth of the two and generally commands higher prices (Lowe-

McConnell, 1966). The swim bladder is often used for making glue, which is exported to 

Asian countries at attractive prices. The species is known for preying on shrimp and smaller 

fishes, which includes M. ancylodon. However, M. ancylodon also feeds on shrimps and 

small fishes and is arguably the most commonly sought-after food fish domestically, due to 

its affordable pricing. The artisanal fishery contributes substantially to exports, employment, 

and food security and is considered by far the most important fishery (Gascoigne, 2012). 

Therefore, unsustainable bycatch is expected to negatively impact this sector and the 

economy. This underscores the importance of a multispecies approach to fishery 

management intending to maintain an ecological balance between predator and prey species.  

 

Shrimp fisheries are one of the most profitable, and yet environmentally harmful of 

global fisheries (Teixeira et al., 2020). The commercial importance of shrimp has risen in 

tandem with its demand in both domestic and foreign markets, accounting for 15.3 percent 

of the total international fishery exchange value (FAO, 2017, 2021). The majority of marine 

fisheries put a priority on optimizing profit by maximizing target CPUE (Zaima, 2014). The 

unselective design of shrimp trawls makes it impossible for these fisheries to achieve 

complete optimization. Shrimp trawling is considered destructive to the environment despite 

the use of bycatch elimination techniques and is the most serious threat to the world's aquatic 

ecosystems (Zaima, 2014). Trawls are built to make as much contact with the seabed as 

possible to capture the most shrimp; however, this approach destroys the benthic 

environment (Zaima, 2014). Wells et al., (2008) found variations in ecosystem features and, 

as a result, biotic population composition in trawled and non-trawled areas. Ecosystems may 

also become unbalanced and degraded, particularly where keystone species are involved 

(Zimmerhackel et al., 2015). These alterations to the environment can result in trophic 

cascades which will destabilize the ecosystem's food chain, resulting in far-reaching negative 

implications that were not expected. Hence the importance of managing shrimp trawl 

fisheries from an ecosystem perspective. 
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4.6  Management interventions  

Bycatch and (or) discards in fisheries have long been considered a significant issue, 

which has been condemned by most stakeholders inclusive of the general public, ecological 

activists, and scientists (Zhou, 2008). In recent years, there has been the use of BRDs to 

tackle the issue in Guyana`s shrimp trawl fishery. Notwithstanding, bycatch and the 

accompanied discarding remain high as seen from this and recent studies (Richardson, 2018; 

Southall et al., 2019). Alternative bycatch reduction interventions which have had some 

success in other trawl fisheries and may apply to Guyana include reducing maximum soak 

time, increasing mesh sizes, more selective fishing, and the imposition of penalties for 

discarding (Bellido et al., 2011). Contrastingly, Zhou (2008) argued, that as fishing decreases 

the biomass of discards, their productivity will expand due to improvements in population 

productivity due to lower natural mortality and intraspecific competition for food and space. 

This can lead to density-dependent growth, i.e., bigger fish because of less competition but 

total biomass could be lower. Assuming this theory to be true and if not carefully monitored, 

one potential downside can be the creation of an incentive for the over exploitation of fish 

stocks especially in cases where fisheries are overcapitalized, and management institutions 

are weak.  

Alterations to the operational characteristics of fisheries may be used to reduce 

bycatch. Bycatch can be reduced through consumer-driven market incentives such as the 

Marine Stewardship Council seafood certification, which establishes compelling incentives 

aimed at fostering stakeholder compliance. Other measures may include partial closures 

during the breeding seasons or in areas known for interactions with endangered species, or 

by reducing the fleet within a fishery and or gear sizes used by fishing vessels (Meeremans 

et al., 2018). Additional technical gear adaptations e.g., BRD modifications can also be used. 

The introduction of BRDs has contributed to major reductions in bycatch overtime, however, 

the results vary according to multiple factors such as fishery, type, and location on the net 

(Eayrs, 2007).  

4.7  Closing remarks  

This thesis, while successful in its implementation, had its constraints. There was no 

existing data on the total landed bycatch for each species in the seabob fishery, which 

prevented the estimation of the CWP of discard species at the national level. The time-series 

data available was relatively short (less than a year) which did not allow for the temporal 

analysis of long-term patterns or trends. This was largely due to the running expense of an 

onboard observer program. Latitude and longitude coordinates were only available for a few 

of the fishing tows which prevented any meaningful spatial analysis of bycatch. 
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5 Conclusion and Recommendations 

Bycatch from the seabob fishery is substantial and include discards of commercially 

important fish species. While the conservation status of most of the species encountered were 

largely not studied, five of species were found to be threatened or vulnerable according to 

the International Union for Conservation of Nature. Seabob and the top 10 discarded species 

CPUE were impacted differently by the fishing factors tested. The CPUE for seabob varied 

substantially with location, whilst the time of day, time of year and depth all affected the 

catch of the majority of the top 10 discarded species, with different factors affecting different 

species. There were evident decline in the catch of the once abundant commercial species 

Micropogonias furnieri.  

The results from this study may be useful for guiding future works and discussions, 

however, it is recommended for the analysis to be updated to include a longer time series of 

data when this becomes available. The extended time series should also include details on 

latitude and longitude catch coordinates, temperature, salinity, bottom type, and length 

frequencies of all species. Additionally, the “incidental catch” should be recorded by species. 

Spatial distribution and species assemblages can also be key information. Also, studying the 

biology of the discard species, such as spawning and feeding season and location per species 

or species groups.  

The aforesaid improvements will reduce uncertainties in the estimates and provide a 

more robust context for making accurate inferences. In the absence of said data, a 

precautionary approach to bycatch management is suggested, for example, bycatch can be 

reduced through temporal and spatial strategies which involve, time and area closures.  
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Appendix A: List of Discard Species Sampled 

No. Latin Names Common name Order Family 

1 Achirus achirus Drab sole Pleuronectiformes Achiridae 

2 Anchoa mitchilli Negli Clupeiformes Engraulidae 

3 Anchoa spinifer Specule anchovy Clupeiformes Engraulidae 

4 Anchoviella lepidentostole Broadband anchovy Clupeiformes Engraulidae 

5 Arius proops Cuirass Siluriformes Ariidae 

6 Bagre bagre Catfish Siluriformes Ariidae 

7 Batrachoides surinamensis Pacu Batrachoidiformes Batrachoididae 

8 Calappa sulcata Yellow box crab Decapoda Calappidae 

9 Callinectes ornatus Sheriga crab Decapoda Portunidae 

10 Centropomus pectinatus Snook Perciformes Centropomidae 

11 Centropomus undecimalis Snook 2 Perciformes Centropomidae 

12 Chaetodipterus faber Sea donkey Perciformes Ephippidae 

13 Chloroscombrus chrysurus Atlantic bumper Perciformes Carangidae 

14 Clibanarius foresti Hermit crab Decapoda Diogenidae 

15 Colomesus psittacus Banded puffer Tetraodontiformes Tetraodontidae 

16 Conodon nobilis Grunt Perciformes Haemulidae 

17 Corvula sanctaeluciae Striped croaker Perciformes Sciaenidae 

18 Cynoscion jamaicensis Jamaica weakfish Perciformes Sciaenidae 

19 Cynoscion virescens Seatrout Perciformes Sciaenidae 

20 Fontitrygon geijskesi Sharpsnout stingray Rajiformes Dasyatidae 

21 Dasyatis guttata Longnose stingray Myliobatiformes Dasyatidae 

22 Daysciaena albida Bengal corvina Perciformes Sciaenidae 

23 Elops saurus Ladyfish Elopiformes Elopidae 

24 Hyporthodus flavolimbatus Jew fish Perciformes Serranidae 

25 Genyatremus luteus Annafolk Perciformes Haemulidae 

26 Ginglymostoma cirratum Brown shark Orectolobiformes Ginglymostomatidae 

27 Gymnothorax ocellatus Sharpteeth eel Anguilliformes Muraenidae 

28 Gymnura micrura Butterfly stingray Myliobatiformes Gymnuridae 

29 Harengula jaguana Scaled herring Clupeiformes Clupeidae 

30 Hepatus gronovii Box crab Decapoda Malacostraca 

31 Hepatus pudibundus Flecked box crab Decapoda Aethridae 

32 Larimus breviceps Silver snapper Perciformes Sciaenidae 

33 Lolliguncula brevis Squid Teuthida Loliginidae 

34 Lonchurus elegans Chinese butterfish Perciformes Sciaenidae 

35 Luidia senegalensis Nine armed seastar Paxillosida Luidiidae 

36 Macrodon ancylodon Bangamary Perciformes Sciaenidae 

37 Micropogonias furnieri Bashaw Perciformes Sciaenidae 

38 Mustelus higmani Smalleye smoothhound Carcharhiniformes Triakidae 

39 Narcine brasiliensis Brazilian electric stingray Torpediniformes Narcinidae 

40 Nebris microps Butterfish Perciformes Sciaenidae 

41 Ogcocephalus darwini Batfish Lophiiformes Ogcocephalidae 

42 Ophichthus gomesii Shrimp eel Anguilliformes Ophichthidae 
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Appendix A: List of Discard Species Sampled. (Continued) 

 

43 Paralonchurus brasiliensis Banded croaker Perciformes Sciaenidae 

44 Paulita tuberculata Spider crab Decapoda Inachoididae 

45 Persephona lichtensteinii Siri ball Decapoda Leucosiidae 

46 Petrochirus diogenes Giant hermit Decapoda Diogenidae 

47 Polymixia lowei Beard fish Polymixiiformes Polymixiidae 

48 Porichthys pauciradiatus Toad fish Batrachoidiformes Batrachoididae 

49 Pseudobatos percellens Chola guitarfish Rhinopristiformes Rhinobatidae 

50 Renilla muelleri Sea pansy Pennatulacea Renillidae 

51 Rhinoptera bonasus Cownose stingray Myliobatiformes Myliobatidae 

52 Scomberomorus brasiliensis Spanish mackerel Perciformes Scombridae 

53 Selene brownii Moonfish Perciformes Carangidae 

54 Sphoeroides testudineus Spotted puffer Tetraodontiformes Tetraodontidae 

55 Squilla mantis Mantis shrimp Stomatopoda Squillidae 

56 Stellifer microps Croaker lm Perciformes Sciaenidae 

57 Stellifer rastrifer Croaker rm Perciformes Sciaenidae 

58 Symphurus plagusia Tongue fish Pleuronectiformes Cynoglossidae 

59 Trichiurus lepturus Silverbelt Perciformes Trichiuridae 

60 Urotrygon microphthalmum Smalleyed round stingray Myliobatiformes Urotrygonidae 

61 Xiphopenaeus kroyeri Seabob Decapoda Penaeidae 

Continued 
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Appendix B: Data summary for each tow, showing catch and CPUE for each species, as well as factors.  

No. Factors Target catch Incidental catch Discarded catch 
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1 2 Day 6 18 154.6 4.0 38.6 1 0.6 6.3 4.0 1.6 2 0.03 84.6 4.0 21.2 20 0.3 
2 2 Night 6 18 193.2 4.0 48.3 1 0.6 6.3 4.0 1.6 2 0.02 124.2 4.0 31.1 22 0.4 
3 2 Day 6 18 145.5 4.0 36.4 1 0.6 5.4 4.0 1.3 2 0.02 97.2 4.0 24.3 28 0.4 
4 2 Day 6 16 163.6 4.0 40.9 1 0.6 5.6 4.0 1.4 2 0.02 129.8 4.0 32.5 22 0.4 
5 2 Night 6 16 109.1 4.0 27.3 1 0.6 5.3 4.0 1.3 2 0.03 63.6 4.0 15.9 20 0.4 
6 2 Night 6 18 181.8 4.0 45.5 1 0.4 5.4 4.0 1.3 2 0.01 224.5 4.0 56.1 16 0.6 
7 3 Day 4 18 181.8 3.9 46.4 1 0.4 3.1 3.9 0.8 2 0.01 311.0 3.9 79.3 22 0.6 
8 3 Day 4 18 109.1 4.0 27.3 1 0.2 3.1 4.0 0.8 2 0.01 387.0 4.0 96.8 27 0.8 
9 3 Night 4 18 111.8 4.0 28.0 1 0.5 3.1 4.0 0.8 2 0.01 115.3 4.0 28.8 20 0.5 
10 3 Day 2 18 110.9 4.0 27.9 1 0.4 3.3 4.0 0.8 2 0.01 178.1 4.0 44.9 19 0.6 
11 3 Night 4 18 127.3 4.0 31.8 1 0.4 3.5 4.0 0.9 2 0.01 183.9 4.0 46.0 18 0.6 
12 3 Night 4 18 75.0 4.0 19.0 1 0.4 3.3 4.0 0.8 2 0.02 128.4 4.0 32.5 17 0.6 
13 4 Day 7 22 175.0 4.8 36.2 1 0.5 10.5 4.8 2.2 2 0.03 206.8 4.8 42.8 25 0.5 
14 4 Night 8 22 190.9 3.9 48.7 1 0.3 10.0 3.9 2.6 2 0.02 372.7 3.9 95.1 19 0.7 
15 4 Day 7 18 127.3 3.6 35.6 1 0.3 10.2 3.6 2.9 2 0.03 254.5 3.6 71.1 27 0.7 
16 4 Night 8 18 400.0 4.0 100.0 1 0.7 10.1 4.0 2.5 2 0.02 198.8 4.0 49.7 20 0.3 
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Appendix B: Data summary for each tow, showing catch and CPUE for each species, as well as factors. Fishing tow 28 was 

regarded as an anomaly and therefore was excluded from the study. (Continued) 

 

No. Factors Target catch Incidental catch Discarded catch 
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17 4 Day 8 16 254.6 4.8 52.7 1 0.6 10.9 4.8 2.3 2 0.03 157.2 4.8 32.6 23 0.4 
18 4 Night 8 16 290.9 5.5 52.6 1 0.4 10.9 5.5 2.0 2 0.02 354.4 5.5 64.1 18 0.5 
19 6 Day 8 20 195.5 4.0 48.9 1 0.4 17.9 4.0 4.5 2 0.04 257.7 4.0 64.4 23 0.6 
20 6 Night 8 16 37.3 3.5 10.7 1 0.4 9.7 3.5 2.8 2 0.09 55.9 3.5 16.1 24 0.5 
21 6 Day 8 16 581.8 4.0 145.5 1 0.6 145.2 4.0 36.3 2 0.15 235.3 4.0 58.8 21 0.2 
22 6 Day 8 18 254.6 4.0 63.6 1 0.6 15.7 4.0 3.9 2 0.04 127.3 4.0 31.8 11 0.3 
23 6 Night 8 18 222.7 4.0 55.7 1 0.5 54.3 4.0 13.6 2 0.13 143.6 4.0 35.9 17 0.3 
24 6 Night 8 18 350.0 4.0 87.5 1 0.7 10.2 4.0 2.6 2 0.02 127.3 4.0 31.8 20 0.3 
26 8 Day 6 15 97.7 3.5 27.9 1 0.3 15.2 3.5 4.3 2 0.04 242.7 3.5 69.4 29 0.7 
27 8 Day 6 13 170.5 3.5 48.7 1 0.5 16.8 3.5 4.8 2 0.05 180.5 3.5 51.6 21 0.5 
29 8 Night 6 13 127.3 3.8 33.9 1 0.6 15.2 3.8 4.1 2 0.07 63.6 3.8 17.0 26 0.3 
30 8 Night 6 15 190.9 3.8 50.9 1 0.7 15.7 3.8 4.2 2 0.05 79.5 3.8 21.2 26 0.3 
31 9 Night 6 13 218.2 3.9 55.9 1 0.3 21.4 3.9 5.5 2 0.03 456.0 3.9 116.9 25 0.7 
32 9 Day 6 13 127.3 4.3 29.4 1 0.2 21.6 4.3 5.0 2 0.03 518.4 4.3 119.7 24 0.8 
33 9 Night 6 13 145.5 3.8 38.1 1 0.2 21.4 3.8 5.6 2 0.03 458.7 3.8 120.1 31 0.7 
34 9 Day 6 13 218.2 3.5 62.3 1 0.4 21.5 3.5 6.2 2 0.04 325.2 3.5 92.9 33 0.6 
35 9 Night 6 13 218.2 4.6 47.1 1 0.4 21.5 4.6 4.7 2 0.04 291.4 4.6 62.9 32 0.6 
36 9 Day 5 13 88.6 3.8 23.1 1 0.3 21.4 3.8 5.6 2 0.07 180.8 3.8 47.2 32 0.6 

Continued 
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Appendix B: Data summary for each tow, showing catch and CPUE for each species, as well as factors. Fishing tow 28 was 

regarded as an anomaly and therefore was excluded from the study. (Continued) 
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37 10 Night 6 9 127.3 3.8 33.9 1 0.4 7.3 3.8 2.0 2 0.02 227.4 3.8 60.7 21 0.6 
38 10 Day 6 9 145.5 3.0 48.5 1 0.3 7.4 3.0 2.5 2 0.02 301.2 3.0 100.4 21 0.7 
39 10 Day 6 15 72.7 4.3 17.1 1 0.2 7.2 4.3 1.7 2 0.02 250.7 4.3 59.0 23 0.8 
40 10 Night 6 9 181.8 4.3 42.8 1 0.4 7.2 4.3 1.7 2 0.02 258.7 4.3 60.9 23 0.6 
41 10 Night 6 15 181.8 3.5 51.7 1 0.3 7.1 3.5 2.0 2 0.01 339.8 3.5 96.5 28 0.6 
42 10 Day 6 15 181.8 4.0 46.0 1 0.4 7.1 4.0 1.8 2 0.02 229.8 4.0 58.2 22 0.6 
43 2 Day 7 22 127.3 3.7 34.2 1 0.3 11.1 3.7 3.0 2 0.03 258.2 3.7 69.4 20 0.7 
44 2 Night 7 20 238.6 3.8 63.6 1 0.6 10.9 3.8 2.9 2 0.03 166.3 3.8 44.3 21 0.4 
45 2 Day 7 20 181.8 3.8 48.5 1 0.4 10.7 3.8 2.9 2 0.02 256.3 3.8 68.4 20 0.6 
46 2 Night 7 18 165.9 3.8 44.0 1 0.5 11.1 3.8 2.9 2 0.04 136.8 3.8 36.3 19 0.4 
47 2 Night 7 18 115.9 3.8 30.9 1 0.4 10.7 3.8 2.8 2 0.03 194.6 3.8 51.9 20 0.6 
48 2 Day 7 22 238.6 3.8 63.6 1 0.6 10.7 3.8 2.8 2 0.02 187.7 3.8 50.1 14 0.4 

Continued 
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Appendix C: Marine fishes commonly caught in the Guianas’ coastal waters 

up to 40m depth, Willems et al. (2015). 
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Appendix D: Marine invertebrates commonly caught in the Guianas’ coastal 

waters up to 40m depth, Willems et al. (2015). 

 

 


