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Executive Summary 
 

Fisheries management can be greatly improved through a better understanding of 

population dynamics, ecology and biology of the exploited species. Although the Atlantic 

seabob shrimp (Xiphopenaeus kroyeri) fishery in Suriname is of great economic 

importance for the country, local studies on this species are largely missing. Traditional 

sea-going fisheries research is expensive and often not feasible for countries with limited 

resources. Therefore, fisheries data and local ecological knowledge (LEK) are 

increasingly valued as alternative options to provide relevant information on the target 

species. The Surinamese seabob shrimp fishery follows extensive management 

measures which generate a large amount of data on X. kroyeri. Furthermore, fishermen 

have been interacting with this resource for decades, building up their LEK. The aim of 

this study was therefore to explore whether relevant biological and ecological 

information on the seabob shrimp population in Suriname can be obtained from these 

cheap and readily available data sources. Fisheries data included detailed Vessel 

Monitoring System (VMS) information on fishing locations and logbook catch- per-trip 

records for 2007 to 2013. Moreover, a summarised dataset of total annual catch and 

effort values was available from 2001 to 2013, as well as data on morphometric 

measurements of the seabob shrimp for 2011 and 2012. LEK on the main fishing 

grounds, catch composition and on additional factors influencing fishing behaviour was 

collected. A high spatial heterogeneity in fishing effort was found. The main fishing areas 

were fairly constant at 23-35 m depth over the years, suggesting high aggregations of X. 

kroyeri in these areas. Moreover, a size-bathymetric population structure was identified, 

with predominance of larger individuals and mature females in deeper waters. An 

inshore movement in fishing effort during the dry season and a significantly higher catch 

per unit effort (CPUE) in the rainy season were indicative of the seasonal movement of 

this species to adapt to changing environmental conditions. CPUE based stock status 

was within safe limits, and the largest proportion of the catches contained only a small 

proportion of juveniles or mature females. However, limitations of the datasets included 

confounding factors influencing fishing effort, erroneous catch reports and the fisheries-

dependent unbalanced distribution of sampling sites. It was concluded that the benefits 
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of fisheries-dependent data, such as their wide availability and the effort that they cover 

are substantial. Nevertheless, a better understanding of their advantages and 

limitations compared to traditional research surveys is essential for sound management 

guidance. 

 

Abstract 
 

The Atlantic seabob shrimp (Xiphopenaeus kroyeri) fishery in Suriname is of great 

economic importance for the country, yet local studies on its ecology and biology are 

rare. Traditional fisheries research is expensive and for countries with poor resources 

often not feasible. Therefore, fisheries-dependent data and local ecological knowledge 

(LEK) are increasingly valued as alternative sources of information on target species 

which can guide fisheries management. The aim of this study was to examine whether 

relevant biological and ecological information on the seabob shrimp population in 

Suriname could be obtained from these fisheries-dependent data sources. Fisheries data 

and LEK provided relevant information about main fishing grounds, species distribution, 

population structure, seasonal dynamics and stock status. However, several limitations 

of the fisheries datasets were identified including confounding factors of fishing effort, 

erroneous catch reports and the fisheries-dependent unbalanced distribution of 

sampling sites. It was concluded that the benefits of fisheries-dependent data, such as 

their wide availability and the effort that they cover are substantial. Nevertheless, a 

better understanding of their advantages and limitations compared to traditional 

research surveys is essential for sound management guidance. 
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1. Introduction 
 

1.1 Xiphopenaeus kroyeri 
 

The Atlantic seabob shrimp Xiphopenaeus kroyeri (Heller, 1862) (Crustacea: Penaeidea) 

is widely distributed along the coasts of the Western Atlantic Ocean, ranging from North 

Carolina (USA) to Santa Catarina State (South-Brazil) (Holthuis 1980). It is highly 

abundant in shallow waters (Holthuis 1980), making it easily accessible for coastal 

fisheries. Therefore, this species has gained global importance as a fisheries resource, 

with landings increasing substantially during recent decades from 8,000 tonnes in 1965 

to 52,411 tonnes in 2005 (Gillett 2008). The increase in catch has come along with a 

need to manage the fisheries adequately. Consequently, to strengthen fisheries 

management, research on X. kroyeri has vastly increased in the past years (e.g. Oliveira 

1991; Branco et al. 1994; Branco 2005; Castro et al. 2005; Simões et al. 2010; Fernandes 

et al. 2011; Freire et al. 2011; Almeida et al. 2012; Branco et al. 2013; Jacob Eutrópio et 

al. 2013). 

Studies have found X. kroyeri to be a marine and brackish species, which occurs in depths 

reaching 70 m, although it usually inhabits shallow waters less than 27 m deep (Holthuis 

1980). Juveniles prefer brackish waters, nursing in estuarine or inshore coastal waters. 

Adults move further offshore to spawn and planktonic larvae migrate back to the 

nursery grounds (Dall et al. 1990; Castro et al. 2005). In southern Brazil, recruitment of 

X. kroyeri was found to occur year-round, but with varying intensity (Branco et al. 1999; 

Branco 2005; Castro et al. 2005; Almeida et al. 2012). Xiphopenaeus kroyeri settles 

preferably in fine sediment substrates (Costa et al. 2007; Freire et al. 2011). It is a fast 

growing species, reaching total lengths above 10 cm (Holthuis 1980), with females being 

significantly larger than males (Branco et al. 1994). Life span also shows sexual 

dimorphism, with females living longer. In Southern Brazil the average life span was 21 

months for females versus 16 months for males (Heckler et al. 2013). Due to its high 

densities, fast growth and high productiveness, X. kroyeri plays an important ecological 

role in maintaining the stability of trophic relationships in coastal food webs, recycling 
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organic compounds and nutrients from the seabed by feeding on detritus (Pires, 1992 

cited in Castro et al. 2005; Southall et al. 2011).  

Most studies on X. kroyeri have so far been carried out in Brazil, where the seabob 

shrimp landings were historically highest (FAO 2014a). Given the wide latitudinal range 

in which X. kroyeri occurs, and thus a wide range of environmental conditions, these 

findings may not be applicable to all populations of this species. Indeed, findings about 

biological and morphological parameters, reproductive periods and spatio-temporal 

distribution of X. kroyeri differ between the regions studied (e.g. in Oliveira 1991; Castro 

et al. 2005; Fernandes et al. 2011; Almeida et al. 2012; Branco et al. 2013; Heckler et al. 

2013).  

1.2 Suriname Atlantic seabob shrimp fishery 
 

Suriname is the country with the third highest landings of Atlantic seabob shrimp in the 

world, about 8,000 tonnes per year is landed (FAO 2014a). The fishery generates 

employment, and provides livelihood to both industrial and artisanal fishermen. 

Industrial catches are exported to the US and Europe providing considerable foreign 

income, while artisanal catches constitute an important local food supply (Southall et al. 

2011).  

Suriname’s industrial seabob shrimp fishery comprises two companies, Heiploeg 

Suriname N.V. (HPS) and Suriname American Industries LTD (SAIL). These are subject to 

an extensive management plan which includes a restricted fishing zone that is enforced 

by a Vessel Monitoring System (VMS). This zone is situated  between 10 and 15-18 

fathoms depth (18 and 27-33 m) and was implemented to avoid interferences with 

artisanal fishermen as well as to avoid negative impacts of the bottom trawling gear on 

the inshore nursery grounds (Southall et al. 2011). Moreover, the number of vessel 

licenses was recently reduced from 30 to 20. Fishing gear restrictions were applied, 

making the use of by-catch reduction devices (BRDs) and turtle excluder devices (TEDs) 

mandatory. Catch and effort (days spent at sea) information from each fishing trip is 

recorded in logbooks and the catch per unit effort (CPUE) from these records is regularly 

monitored under a harvest control rule (HCR) as a proxy of the status of the seabob 
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stock. To avoid overexploitation, the HCR sets CPUE thresholds, which require reduction 

of fishing effort if thresholds are exceeded.  

Furthermore, a Seabob Working Group was established which is responsible for the 

review of the management system on a regular basis, and gives recommendations based 

on research, monitoring and consultation (Southall et al. 2011). These measures have 

resulted in Suriname to be the first tropical shrimp fishery in the world to be certified as 

sustainable by the Marine Stewardship Council (MSC) in 2011. Sustainable management 

of the stock secures the long-term benefits provided by the seabob fishery to the 

country and to the people employed in the fishery. The certification is however still 

subject to conditions that have to be fulfilled in order to maintain the label (Southall et 

al. 2011).  

1.3 State of the art 
 

Fisheries management can be largely improved through a better understanding of 

population dynamics, ecology and biology of the exploited species. Despite 

improvements in the management of the Surinamese seabob shrimp fishery, local 

studies on the ecology and biology of this species are lacking. Traditionally, this is done 

by scientific surveys, which includes in-situ sampling at sea at a priori determined 

stations, and biological analyses of the collected data. However, this procedure is 

expensive, and therefore in certain countries not feasible. Thus, alternative data sources 

are increasingly used. Analyses of commercial logbook data have been found to yield 

distribution patterns similar to those of research surveys (Fox & Starr 1996; Starr & 

Vignaux 1997), and depending on the detail of the records, they can provide important 

biological and ecological information including stock status, size distribution of species 

and temporal changes in abundance. Moreover, VMS data are progressively applied in 

fisheries science for purposes other than controlling fishing regulations, such as to 

create spatially and temporally precise patterns of fishing activity (e.g. Mills et al. 2007; 

Witt & Godley 2007; Fonseca et al. 2008). The spatial distribution of fishing activity is 

thought to act as a proxy for target stock distribution, since technology and 

communication lead fishermen to find their resource as efficiently as any other predator 

finds its prey (Bertrand et al. 2008). Additionally, Local Ecological Knowledge (LEK) has 
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been used as an important information source for resource management (Hill et al. 

2010; Leite & Gasalla 2013). Various studies have shown that local knowledge of 

fishermen can provide information about the spatial use of marine resources (Begossi 

2008; Leite & Gasalla 2013; Martins et al. 2014), as well as on the resource itself, 

including biology and ecology of the species targeted (Neis et al. 1999; Silvano & Valbo-

Jørgensen 2008; Leite & Gasalla 2013).  

 

1.4 Objectives 
 

The measures in place to manage the industrial fishery for Atlantic seabob shrimp in 

Suriname generate a high amount of data on this species. VMS data and logbook records 

provide high resolution information on fishing locations and catch composition. 

Additionally, fishermen have interacted for years with the seabob shrimp as their target 

resource, building up local knowledge on the distribution of this species and its 

population dynamics.  

Therefore, the overall aim of this study was to investigate whether relevant biological 

and ecological information on the seabob shrimp population in Suriname can be 

obtained from fisheries data and LEK, non-traditional data sources which are either 

readily available or easy to collect. The specific objectives were to (i) determine spatial 

and temporal variations of the main fishing areas as a proxy for species distribution, (ii) 

analyse temporal variations in catch per unit effort (CPUE) as a proxy for seasonal and 

yearly abundance patterns, (iii) investigate spatio-temporal distribution patterns in 

catch composition reflecting potential population structures and (iv) examine additional 

factors influencing fishing success and possible suggestions to improve management.  

Identification of main fishing areas is relevant for fisheries management, since these 

areas contribute most to the economic revenues of a fishery. Moreover, investigation 

of a species distribution is central to understand the niche of the species and to species 

conservation (Austin 2007). Elucidating population structures over space and time can 

additionally guide fisheries management by recognising locations and time periods of 

special importance for the overall population health (e.g. harbouring juveniles or mature 

females) that in some circumstances might need protection. 
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Exploring the potential of non-traditional data sources to obtain information about a 

target species gains special importance for fisheries in developing countries, where 

resources and funds for traditional marine research are lacking. Developing countries 

and the livelihoods of their fishermen are often highly depending on fisheries (FAO 

2014b). Information from alternative data sources, such as fisheries data and LEK, can 

therefore be very valuable in guiding them to achieve a sustainable exploitation. 

Moreover, the inclusion of LEK in management decisions can improve the environment 

and understanding between stakeholders, by giving a voice to resource users and 

presenting an alternative to the top-down regime (Davis & Wagner 2003; Hill et al. 

2010).  
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2. Material and Methods 
 

2.1 Study site 

Suriname is located in the north-eastern part of South-America (4°00’N, 56°00’W), with 

Guyana on its western border and French Guyana on the east. Its 380 km long coastline 

faces the Atlantic Ocean with an Economic Exclusive Zone (EEZ) of 119,050 km2  

(Bhagwandin 2012). The country has seven main rivers that flow into four major 

estuaries. From west to east these estuaries are the Corantijn-Nickerie estuary on the 

border with Guyana, the Coppename-Saramacca estuary, the Suriname-Commewijne 

estuary and the Marowijne estuary on the border to French Guyana (Fig. 1) (Bhagwandin 

2012). Consequently, the near-shore marine ecosystems are heavily influenced by the 

outflow of fresh, nutrient-rich and sediment-laden water of these rivers. Moreover, the 

East-West directed Guiana Current, an extension of the North Equatorial Current, 

transports Amazon River discharge from Brazil to Suriname. This results in estuarine-like 

conditions (high-suspended sediment with low-salinity) in the shallow, near-shore 

waters off Suriname (Ministry of Labour Technological Development and Environment 

2013).  

Suriname has two rainy and two dry seasons, however the specific time period of each 

season is affected by climate change (Bhagwandin 2012). Typically, the short rainy 

season lasts from early December to February, followed by a short dry period from early 

February to late April. Late April to mid-August is the main rainy season, while the main 

dry season lasts from mid-August to early December (AQUASTAT 2014). During the rainy 

season, river outflow peaks, and fresh water runs far offshore (Bhagwandin 2012). 
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Figure 1: Map with the seabob shrimp trawling zone and the EEZ delimitations of Suriname. The four 

major estuaries are marked with open circles: from West to East the Corantijn-Nickerie estuary, the 

Coppename-Saramacca estuary, the Suriname-Commewijne estuary and the Marowijne estuary 

 

2.2 Fisheries data sources 
 

Fisheries datasets were provided by the Suriname Ministry of Agriculture, Livestock and 

Fisheries (LVV). Detailed information on fishing locations (Vessel Monitoring System) 

and catch per fishing trip (logbook data) was available for the time period 2007-2013. A 

summarised dataset of the total annual catch and total effort in days-at-sea (DAS) 

covered the years 2001-2013. Data on morphometric measurements of the seabob 

shrimp were also given, and were complemented by a second morphometric dataset 

from studies by Willems et al. (in prep.) (Table 1). Initial data treatment was performed 

using Microsoft Excel 2013. Further analysis was performed in R v. 2.15.3 (R Core Team 

2013) with the additional package VMStools (Hintzen et al. 2013) and in PRIMER v. 6.1.13 

with Permanova add-on software (Clarke & Gorley 2006; Anderson et al. 2008).  
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Table 1: Summary of the fisheries data that was used for analysis 

 

 

 

2.2.1 Vessel Monitoring System data (VMS) 
 

Vessel Monitoring System (VMS) was introduced in Suriname on all industrial shrimp 

trawlers in 2007 and has been used consistently since then. The VMS dataset comprised 

1,500,686 records belonging to both seabob shrimp trawling companies, HPS and SAIL. 

Each record, also called ‘ping’, consisted of geographic coordinates of a vessel’s position 

in degrees, minutes and seconds (World Geodetic System 1984 format) accompanied by 

the corresponding vessel identification name, date and time stamp in UTC as well as the 

travelling speed in km/h. The mean transmission rate between pings was 49±1,918 min 

(range 0 to 1,540,768 min). Geographic coordinates were transformed to decimal 

degrees with PC Trans v. 4.2.10, and travelling speed was converted to knots.  

The following types of entry were considered erroneous and were removed from the 

dataset: i) duplicate entries, ii) pseudo duplicates, defined as having a transmission 

interval below five minutes, iii) erroneous geographic positions located outside the 

Earth range of 90°S to 90°N and 180°W to 180°E, iv) VMS records associated with speeds 

above 20 knots, and v) VMS signals of vessels located inside the harbour of Paramaribo. 

The remaining dataset contained 1,157,289 records (77.12% of the original dataset, see 

Annex 1 Table 5) 

 In order to remove records of inactivity or steaming, a speed rule was applied to 

distinguish these from the fishing records. Speed records within a range of 2.0 to 3.5 

Dataset Temporal 
resolution 

Temporal 
coverage 

Objective Data source 

VMS data 

 

Minutes to hours  2007 - 2013 Spatio-temporal analysis of 

fishing effort 

LVV 

Catch and Effort 

data 

One Year 2001 - 2013 Temporal analysis of CPUE LVV 

Logbook data Several days  2007 - 2013 Temporal analysis of CPUE  LVV 

Morphometric 

data I 

Days to months  2011 Characterisation of size 

classes 

LVV 

Morphometric 

data II 

Days to months 2012 Characterisation of size 

classes 

Willems et 

al. 
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knots were considered to indicate fishing activity. This range was defined based on 

speed thresholds mentioned by the interviewed trawler captains, and based on the 

speed frequency distribution of the VMS data (see Annex 1 Fig.13). Additional filtering 

was applied to eliminate records located outside the seabob shrimp fishing zone, which 

were considered to be mostly false-positive assigned to fishing activity of vessels 

travelling at fishing speeds but not fishing. The filtered dataset contained 675,612 

records (45.02% of the original dataset, see Annex 1 Table 5). 

Fishing effort in hours was estimated for each VMS record as the time elapsed since the 

previous record (Gerritsen & Lordan 2011). To avoid overestimation of effort, for 

records with a time interval longer than four hours (Gerritsen & Lordan 2011), the mean 

interval between records of the same fishing trip was used to estimate fishing effort. A 

total of 1,786 records (0.15% of the filtered dataset) were replaced by a mean interval. 

For graphical representation, effort was aggregated in cells of 0.03° longitude and 0.03° 

latitude (3 x 3 km), and mapped in the area of 57.1° to 53.8° W and 5.5° to 7.0° N.  

 

Statistical analysis 

To provide a spatial analysis of fishing effort within the seabob fishing area, effort 

(calculated from the VMS-pings) was aggregated in grid cells of 0.03° longitude and 0.03° 

latitude (3 x 3 km) (Fig. 2). To test for significant effects of location, season and year on 

effort, PERmutational Multivariate ANalysis Of VAriance (PERMANOVA) was performed 

based on Euclidian distance similarity matrix from the fishing effort data. Pairwise tests 

were performed for significant interactions.  

 

The location factor was based on three depth and three longitudinal ranges. Depth was 

delineated using bathymetry data of one minute resolution from The National Oceanic 

and Atmospheric Administration (NOAA) using the marmap package in R (Pante & 

Simon-Bouhet 2013). Two depth ranges (D1 and D2) were set between fathom lines 10 

and 15, with Depth 1 between 18 and 22 m and Depth 2 between 23 and 28 m. Depth 3 

was located between 29 and 35 m (fathom lines 15 and 18). Longitudinal area borders 
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were based on divisions made by captains (pers. comm.), which approximately reflected 

river outflow (Fig. 2).  

 

Figure 2: Map representing the seabob shrimp fishing area (black-framed polygon) and the grid cells 

of 3 x 3 km in which effort was aggregated, as well as the location factors for grid cells, defined by 

the seven combinations of depth range and West to East delimitations 

The factor season was defined using data on real time outflow levels of the Marowijne 

(Maroni) River provided by the Environmental Research Laboratory (ORE-HYBAM 2014). 

Months in which river outflow level was above the average of the given year were 

classified as rainy season, whereas months below the yearly average were categorised 

as dry season.  
 

 

 

2.2.2 Catch and effort data 
 

Annual catch and days-at-sea (DAS) data were available from HPS for the years 2001-

2012 and from SAIL for the period 2003-2012. Values for the year 2013 were taken from 

the logbook. SAIL consistently reported its catch in total shrimp weight (WT) and 

kilogram (kg), while HPS values were given in peeled shrimp weight (Wp) for all years 

and in pounds (lbs) from 2001-2010 and kilograms (kg) from 2011-2012. HPS total catch 

values were therefore transformed to fit a standardised format as employed by SAIL 

(WT, kg). Yearly records of this company were converted from WP into WT (Formula 1) 

for all years (2001-2012) and from lbs into kg for 2001-2010 (Formula 2). Catch per unit 
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effort (CPUE) per year was subsequently calculated for the combined dataset covering 

2001-2013 (Formula 3). 

Formula 1 (CRFM 2009): Conversion of peeled weight to total weight 

𝑊𝑡 = 𝑊𝑝 ∗  2.13  

Formula 2: Conversion of pounds to kilogram 

1 𝑘𝑔 =  0.4536 𝑙𝑏𝑠 

Formula 3: Calculation of catch per unit effort 

𝐶𝑃𝑈𝐸 =
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑊𝑡, 𝑘𝑔)

𝐷𝐴𝑆
 

2.2.3 Logbook data 
 

Detailed logbook records were available for the years 2007-2013, although the logbook 

data of 2009 from SAIL was missing. Logbook information of both companies covered 

5,047 fishing trips, each trip lasting two to twelve days. Records contained catch weight, 

vessel name, start and end date of the fishing trip and DAS. Fishing trips were deleted 

if: i) they were duplicates, ii) they did not contain date indications, iii) arrival time was 

before departure, iv) the fishing trip lasted only one day and v) the records were outside 

the study period of 2007-2013. The cleaned dataset contained 4,580 fishing trips 

(90.75% of the original data, see Annex 1 Table 6) 

Besides total catch, seabob shrimp catch was recorded in different weight classes, based 

on the commercial weight classes used for packing. These classes included categories 

for complete and broken individuals. Only seven main weight classes (Table 2) of 

complete shrimps were used for further analysis. To facilitate interpretation carapace 

length (CL) classes were derived using Formula 4 (CRFM 2009):  

Formula 4: Calculating carapace length from peeled weight (CRFM 2009) 

ln(𝐶𝐿) =
ln(𝑊𝑝) + 5.593

2.1440
 

The resulting length classes are described in Table 2. 
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Table 2: Original seabob shrimp weight classes and recalculation into size classes with 
corresponding carapace lengths (mm) 

Weight class (g) Size Class Carapace Length  (mm) 

0.91 – 1.51 1 13.0 – 16.5 

1.52 – 2.27 2 16.6 – 19.9 

2.28 – 3.02 3 20.0 – 22.8 

3.03 – 3.49 4 22.9 – 24.3 

3.50 – 4.12 5 24.4 – 26.3 

4.13 – 5.04 6 26.4 – 28.9 

 5.05 – 6.39 7 29.0 – 32.3 
 

 

Logbook entries of HPS were indicated to be reported in Wp for all years (2007-2013) 

and in lbs from 2007-2009. However, comparing on the one hand CPUE values from the 

logbook with the catch and effort data, and on other hand CPUE values of HPS and SAIL, 

revealed that the logbook entries of HPS from 2007-2009 had been recorded in WT (see 

Annex 1 Fig. 14). HPS logbook records were therefore transformed to fit the 

standardised format as employed by SAIL (WT, kg). Catch values (total and per size class) 

were converted from lbs into kg for 2007-2009 (Formula 2) and from WP into WT for the 

years 2009-2010 (Formula 1). DAS were also recalculated to homogenise the counting 

method for both companies (Formula 5).  

Formula 5: Calculation of days-at-sea 

 𝐷𝐴𝑆 = 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑑𝑎𝑡𝑒 − 𝐷𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒 𝑑𝑎𝑡𝑒 + 1 

CPUE was subsequently calculated per trip for the overall seabob shrimp catch, as well 

as for the amount of individual size classes (Formula 3). Graphical representation of total 

CPUE variations was carried out per season. CPUE fluctuations per size class were 

illustrated per season and per month.  

Based on the morphometric analysis of size classes described in Results, monthly 

fluctuations of size class 1 CPUE were also used as a proxy for juvenile recruitment. 
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Statistical analysis 

Permutational multivariate analyses of variance (PERMANOVAs) were carried out for 

total CPUE as well as for CPUE per size class testing for significant interactions between 

Year and Season. Analyses used the Euclidian distance as a similarity coefficient to 

construct the resemblance matrixes. Pairwise tests were performed for significant 

interactions.  
 

2.2.4 Morphometric data  
 

Two datasets on seabob shrimp morphometry were used to provide a characterisation 

of each size class in terms of gender and maturity ratios. The morphometric dataset I 

comprised data on random samples of seabob shrimps collected by HPS over the year 

2011 from landed catches. In total 20,113 fresh seabob shrimps were analysed, 

providing information about tail weight, sex and maturity of females (recorded as gravid 

or non-gravid). However, no distinction between adult and juvenile males was carried 

out. Tail weight values recorded in this dataset were converted to carapace length (see 

Formula 4 above). 

The morphometric dataset II (Willems et al. unpublished) was collected along three 

transects running from inshore to offshore at the seabob shrimp trawling zone over the 

year 2012. 7,898 seabob shrimps were collected and frozen. Information about carapace 

length, sex and maturity status of males, i.e. juvenile or adult was subsequently 

recorded. Due to the frozen nature of the samples, it was not possible to determine 

maturity status of females (assessed by a green vein of mature females). This dataset 

was the only fisheries independent data used in this study and was included to 

complement the morphometric dataset I in which maturity information of males was 

lacking. 

Shrimp samples were classified into corresponding size class and gender proportion was 

estimated in each size class, combining both datasets. Only one dataset provided 

information for each sex to estimate maturity composition per size class (dataset of 

2011 for females and of 2012 for males). Therefore these values were recalculated into 
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proportions of the previously obtained gender ratios, which had been calculated from 

both datasets.  

Statistical analysis 

Differences in gender ratio among the two years (2011 and 2012) were tested by means 

of Pearson’s Chi-square test. 

 

2.3 Local Ecological Knowledge (LEK) 
 

Local Ecological Knowledge interviews were limited to representatives of the industrial 

fishery of HPS, as research collaboration facilitated the approach to their captains in 

contrast to captains employed by SAIL. Communication with artisanal fishermen was 

hindered by language barriers. From the personnel of HPS, captains were selected as 

the most knowledgeable as they were responsible for selecting the fishing location and 

for providing good catches. Captains were informed about the objective of the study 

and asked whether they were willing to participate. Two interview rounds were carried 

out with each participating captain, following the methodology of Leite and Gasalla 

(2013) based on the Delphi method which aims to find consensus among experts. In the 

first round, captains were interviewed with a structured questionnaire. All answers were 

tabulated and presented anonymously to the same captains in the second round. 

Captains were asked to confirm or deny each statement, and information confirmed by 

more than 50% of the captains was considered as consensual. This methodology allowed 

to explore the common shared knowledge, since individual knowledge claims cannot be 

considered as LEK (Bundy & Davis 2013).  

Interviews were carried out on five different days with a total of 667 minutes of 

interviews. The mean interview duration was 24 ± 15 min. In the first round eleven of 

the twelve captains were interviewed, as well as one fisherman who was recommended 

by his captain because of his experience. In the second round the answers were 

presented anew to eleven captains, although two of them were not previously 

interviewed. The interviewees were all males between 35 – 64 years old (mean 45±10). 

On average they had been working 24±10 years (range 15-40) in a fishery, and more 

specifically for the seabob shrimp fishery on average 16±4 years (range 8 to 22).  The 
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following issues were addressed in the questionnaire: (1) spatial and temporal location 

of main fishing grounds and overall catch, (2) spatial and temporal variation in catch 

composition (specifically information on smallest and largest seabob shrimps, gravid 

females and by-catch) and, (3) additional information regarding factors influencing 

decision-making about which area they fish, as well as some inquiries about 

management (see Annex 1 for detailed questionnaire). When asked to indicate an area, 

interviewees were presented with a printed map of the region. To avoid 

misunderstandings during interviews, scientific terminology was replaced by 

terminology commonly used by the captains.  

Answers were compared with respect to percentage of agreement, and significant 

answers (consensus by > 50 %) were used for analysis. When an answer contained a 

single coordinate indication (e.g. longitude 54°21' W) which fell inside a range of 

coordinates given by other interviewees (e.g. 54°00'-54°30' W), they were considered 

consensus.  For illustration, consensus answers on spatial information were mapped.  
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3. Results 
 

3.1 Fisheries data  
 

Spatial and temporal patterns of fishing effort 
 

Fishing effort differed significantly among the seven locations (Fig. 2) defined by depth 

and longitude (Pseudo-F=39.6; p=0.001), although the effect was dependent upon year 

(Pseudo-F=1.7; p=0.032) and season (Pseudo-F=7.5; p=0.003) (Table 3). 

Table 3: Statistical results of PERMANOVA testing for the effect of location, season and year on fishing 

effort. Significant values are marked in bold and indicated with asterisks, with 0.05 ≥ p ≥ 0.01 (*), 

0.01 > p ≥ 0.001 (**) 

Source df MS Pseudo-F p-value 

Location 6 1.0179e9 39.648 0.001** 

Year 6 2.0049e7 0.78092 0.449  

Season 1 4.2928e6 0.16721 0.602 

Location*Year 36 4.2702e7 1.6633  0.032* 

Location*Season  6 1.9274e8 7.5075 0.003** 

Year*Season 6 5.7076e6 0.22231 0.933 

Location*Year*Season 32 2.2587e7 0.87979 0.561 

Error 4087 2.5674e7   
 

 

Inter-annual variations of fishing effort in each location and pairwise comparisons of 

year and locations are presented in Annex 2 (Fig. 15-16 and Table 8). Nevertheless, some 

consistent patterns could be observed over the years (Fig. 3). Fishing effort was mainly 

concentrated in the East and the Mid-area, and only less than five per cent of fishing 

effort was spent in the West area (Annex 2 Table 7). Moreover, two locations 

consistently showed the highest fishing effort, namely East-D3 and Mid-D2, together 

accounting for 70-83 % of overall effort in each year (Annex 2 Table 7). East-D2 and Mid-

D1 were the second and third most fished areas, the latter exposed to higher effort than 

the first only in 2013 (Fig. 3). Overall, 86-98 % of all effort occurred in the locations East-

D3, Mid-D2 and East-D2 over the years (Annex 2 Table 7). 
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Figure 3: Relative fishing effort (%) in each location per year and season 

 

Pairwise comparisons of season and location revealed significantly higher fishing effort 

in East-D2 (t=5.4227, p=0.001) and East-D3 (t= 5.2494, p=0.001) in the dry season, and 

a significant increase in effort in Mid-D2 (t=2.2867, p=0.027) in the rainy season (Fig. 4). 

No significant season-effect was apparent in the two West locations, in East-D1 and in 

Mid-D1 (Fig. 4). Overall, effort was higher in the dry season (Fig. 4-5).  
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Figure 4: Effort per season (Mean +SD) for each location averaged over the years 2007-2013. 

Significant differences between seasons are marked with asterisks, 0.05 ≥ p ≥ 0.01 (*) and 0.01 > p ≥ 

0.001 (**) 

Visual representation of the VMS data further illustrates that for both seasons effort was 

highly aggregated in certain areas of the defined locations (Fig. 5). Moreover, in the dry 

season effort increased in inshore areas of the East zone, which were barely exploited 

during the rainy season (Fig. 5). 
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Figure 5: Fishing effort (h) covering the years 2007-2013 illustrated for the rainy season and the dry 

season. The legal seabob shrimp fishing area and the seven locations are delineated. Bathymetric 

lines indicate 5 m depth increases starting from 10 m isobath 
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Temporal variation of overall catch per unit effort (CPUE) 
 

Yearly catch and effort values indicated a relatively stable CPUE between 2001 and 2013, 

ranging from 1.34 t/day in 2005 to 2.12 t/day in 2009 (Fig. 6). The mean CPUE over those 

years was 1.79 ±SD 0.2 t/day. With the exception of 2005 and 2006, the CPUE target 

limit of the Harvest Control Rule (HCR) was exceeded in all years. 2005 was the only year 

where CPUE remained below the trigger point, at which the HCR dictates to reduce days 

at sea (DAS). The effort line showed a marked decline of days spent at sea, peaking in 

2005 with 6,610 DAS and reaching 4,280 DAS in 2013 (Fig. 6).  

 

Figure 6: CPUE of the industrial fishery for the years 2007-2013. Effort values are delineated for the 

years 2003-2013. CPUE target, trigger and limit lines of the harvest control rule (HRC) are additionally 

illustrated in red 
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PERMANOVA of high-resolution logbook CPUE data per fishing trip revealed that CPUE 

differed significantly among seasons and years and that these two factors interacted 

significantly (Table 4). Pairwise comparisons within years showed a significantly higher 

CPUE in the rainy season for all years (p<0.05) (Fig. 7). 

 

Table 4: Statistical results of PERMANOVA for the effect of Year and Season on CPUE. Significant p-

values are indicated with asterisks, 0.05 ≥ p ≥ 0.01 (*), 0.01 > p ≥ 0.001 (**) 

 

 
 

 

Figure 7: CPUE per season in each year (Mean +SD). Significant differences between seasons are 

marked with asterisks, 0.05 ≥ p ≥ 0.01 (*) and 0.01 > p ≥ 0.001 (**) 

 

 

source df MS Pseudo-F p-value 

Year 6 10.258 16.23 0.001** 

Season 1 115.85 183.29 0.001** 

Year*Season 6 2.9585 4.6809 0.001** 

Error 4544 0.63204   
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Intraspecific patterns and temporal variations 
 

Characterisation of size classes 
 

Characterisation of size classes based on carapace lengths (CL) from the morphometric 

datasets showed marked differences in composition (Fig. 8). Size class 1 (13.0 - 16.5 mm 

CL) was the only category in which juvenile males were recorded. Together with the 

proportion of non-gravid females, immature seabob shrimps made up 67% of this size 

class. Size classes 2 and 3 (16.6 – 22.8 mm CL) had a minor proportion of gravid females 

and the highest proportion of adult males (58 and 49 %). In size class 4 (22.9 – 24.3 mm 

CL) males accounted only for 23% of the sampled shrimps, and the proportion of gravid 

females increased to 13%. This trend further intensified in the remaining size classes, 5 

to 7 (CL > 24.4 mm). In these categories less than 6% of individuals were male and the 

portion of gravid females increased up to 42 and 40 % in size classes 6 and 7 respectively 

(CLs 26.4 – 32.3 mm).  

 

Figure 8: Composition of size classes 1-7 with respect to the percentages of juvenile males, adult 

males, gravid females and non-gravid females 
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Temporal variations in CPUE per size class 
 

Temporal analyses from logbook records of CPUE per size class indicated a significant 

interaction of year and season for all size classes (PERMANOVA; p< 0.05). Nevertheless, 

CPUE for size classes 2 and 3 was consistently highest (Fig. 9), and consequently 

influencing overall CPUE the most (see Annex 2 Fig. 17 for temporal representation of 

catch per size class).  

Pairwise comparisons revealed changing seasonal abundance patterns for all size classes 

(Fig. 9). Size class 1 showed significantly higher CPUE in the dry seasons of 2007 

(t=7.2082, p=0.001), 2012 (t=4.3804, p=0.001) and 2013 (t=4.8629, p=0.001), whereas 

in 2010 CPUE was significantly higher in the rainy season (t=6.9834, p= 0.001). No 

significant differences were found for the years 2008, 2009 and 2011. CPUE of size class 

2 was significantly higher in the rainy season in all years (p=0.001, see Annex 2 Table 9), 

except for 2011 and 2012, the latter being significantly higher in the dry season 

(t=4.1097, p=0.001). Size class 3 had a significantly higher CPUE in the rainy season in 

2007 (t=4.1664, p=0.001), 2008 (t=3.8984, p=0.001) and 2013 (t=3.215, p=0.004). No 

significant differences were detected for the other years. Size classes 4 to 7 had similar 

abundance patterns in all years, with significantly higher CPUE (p<0.05, see Annex 2 

Table 9) in the rainy season in five of the seven years (2007, 2008 and 2011-2013). The 

only exceptions were for size class 4 in 2013 and for size class 7 in 2007, in which no 

significant differences of CPUE were found. For these size classes (4-7) CPUE was 

significantly higher (p=0.001, see Annex 2 Table 9) in the dry season only in two years, 

2009 and 2010 (Fig. 9). 
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Figure 9: Graph representing mean (+SD) CPUE (tonnes/day) of the seven seabob shrimp size classes 

in rainy vs. dry season for the years 2007-2013. Significant differences between seasons are marked 

with asterisks, 0.05 ≥ p ≥ 0.01 (*) and 0.01 > p ≥ 0.001 (**) 
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Monthly fluctuations in CPUE of size class 1  
 

Characterisation of size classes allocated 67% of immature shrimps to size class 1 (Fig. 8 

above). Therefore, this size class was used as the best proxy available of juvenile 

recruitment and its monthly fluctuations in CPUE are presented below (Fig. 10). Monthly 

variations in CPUE of the remaining size classes 2-7 are illustrated in Annex 2 (Fig. 18-

23). 

Monthly representation of size class I oscillations in CPUE (Fig. 10), illustrated peaks in 

February and from August to September in the years 2007 and 2009. Except for the 

February peak in 2009, these peaks occurred during the dry season. In 2010 peaks were 

observed during the rainy season in April and August, and during the dry season in 

November. Although to a much lower extent, CPUE of size class 1 also peaked in April 

(rainy season) and November to December (dry season) in 2008 as well as in April (rainy 

season) and August to September (dry season) in 2012. In 2013, CPUE was somewhat 

higher during August and September, both falling in dry season. In 2011, size class 1 was 

more frequently caught from February to April, in August, October and November. 

Increases of CPUE in 2011 occurred during the dry season, except for the ones during 

March and April, falling in rainy season. Most CPUE peaks were accompanied by high 

standard deviations. Overall, CPUE of this size class was lower in the years 2012 and 

2013 (Fig. 10). 
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Figure 10: Mean (±SD) CPUE (tonnes/day) of size class 1 seabob shrimps per month, for the years 
2007-2013. Months categorised as dry season are plotted over a yellow background, while months 
falling in the rainy season have a blue background 
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Gender ratio 
 

Analysis of gender ratio based on the morphological datasets revealed a significantly 

higher abundance of females in catch composition for years 2011 and 2012. Fifty-three 

percent of the seabob shrimps sampled from landed catch in 2011 were females (2 = 

71.9539, df = 1, p < 0.0001), and 55% of the seabob shrimp collected with transects in 

2012 were females (2 = 95.9878, df = 1, p < 0.0001). 

 

3.2 Local Ecological Knowledge (LEK) 
 

Spatial and temporal variation of main fishing grounds and overall catch 
 

Sixty-four percent of the captains agreed that they fish mostly in the East-area, but move 

to the Mid-area when catches drop. Ninety-one percent stated not to fish in the West-

area with exception of a few times a year. Reasons for this were more by-catch, lower 

shrimp catch and high fuel consumption when steaming back against the current. The 

main fishing ground was defined at 54°06' - 54°25' W longitude (by 72%) and 6°20' - 

6°23' N latitude (by 63%) (see Fig. 11 below). This area was additionally distinct as 

providing usually the highest amount of shrimps per haul (consensus on the longitude 

with 64%, on the latitude with 55%). Captains indicated, however, that dynamics were 

unusual so far (stated between April and May) in 2014. It was agreed by 82% that the 

overall catch was lower than in preceding years and especially when compared to the 

years after HPS opened in 1996 (indicated by 64%). While previous years had not caused 

complaints, catch in 2014 felt considerably low (verified by 64%). Furthermore, 82% of 

the captains indicated no change of fishing areas in different times of the year. However, 

64% agreed on moving somewhat inshore to fish from June until August. In contrast, 

55% agreed that marine fauna was more offshore during the rainy season and to have 

higher catches during this time period (77% consensus).  

Spatial and temporal variation of catch composition 
 

The majority (73%) of the captains agreed that the East-area harbours the largest seabob 

shrimps whereas in the Mid-area size classes are mixed. Specifically, the largest shrimps 

were indicated to be found at 54°06' - 54°25' W longitude (by 64%) and 6°20' - 6°23' N 

latitude (by 73%) and mature gravid females at 54°00' - 54°30' W longitude (by 72%) and 
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6°21' - 6°23' N latitude (by 81%) (Fig. 11). Fifty-five percent of the captains agreed that 

there was no specific location where the smallest shrimps were found. Eighty-two 

percent stated that it is possible to find large individuals on one day and smaller ones 

on the following day, in the same area. Moreover, the majority (55%) could not outline 

specific areas with more by-catch as this was observed to change over time. Seventy-

three percent of the captains additionally agreed on the statement that larger seabob 

shrimps move inshore in August.  

 

Figure 11: Graph illustrating areas on which the captains reached consensus (with > 50 %) indicating 

the main seabob shrimp fishing ground, area with higher amount of shrimps per haul, area with the 

largest shrimps and location of the gravid females. The black polygon delineates the legal seabob 

shrimp fishing area and bathymetric lines indicate increase in depth of 5 m starting from 10 m isobath  

No seasonal abundance patterns could be defined (by 73-82 %) for any of the seabob 

shrimp categories questioned (largest sizes, smallest sizes and gravid-females) nor for 

by-catch. However, 64% agreed on by-catch being lower at night and 55% indicated that 

catch composition can change daily.  

Factors influencing decision-making about which area they fish and inquiries about 

management 
 

Captains decide on the area to fish 1) through communication with captains at sea 

(consensus by 73%), who indicate how the catch is in their area, and 2) by checking the 

catch with a try-net (indicated by 64%). Although some captains determined areas with 

the highest catch according to the lunar calendar, statements on the area where there 
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was more catch at full moon were contradictory. There was nevertheless an agreement 

(55%) that at first quarter moon, there are more seabob shrimps in the East-area, and 

that different moon cycles sometimes bring a high catch but not always (73%).  

All captains stated they were happy with the recently introduced turtle exclusion devices 

(TEDs) and by-catch reduction devices (BRDs), which they indicated significantly cleans 

the catch. Furthermore, all indicated to search for clean seabob shrimp catch at sea. 

Regarding the question whether they would consider a closed season to be useful for 

Suriname, no consensus was reached. However, 55% were in favour of the suggestion 

to close the East- and Mid-areas for a month at suitable times in order to allow the 

bottom to recover. In order to increase the catch, they also suggested to widen the 

inshore West boundary of the fishing zone by three miles during the non-breeding 

season.  
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4. Discussion 
 

Fisheries-dependent data are widely available and harbour a great amount of 

information on commercially important species. On the other hand, they often violate 

assumptions of traditional parametric statistics, such as linearity, normality, and 

independence (National Research Council 1998), which could compromise 

interpretation. Therefore, results providing relevant information on the ecology and 

dynamics of the Atlantic seabob shrimp in Suriname will be discussed along with the 

limitations that these datasets presented.  

4.1 Biology and ecology of X. kroyeri 
 

4.1.1 Species distribution  
 

Fishing effort was not homogenously distributed along the legal seabob fishing area. The 

depth and location analysis revealed that 86-98 % of the total effort within the legal 

fishing area was concentrated between 23 and 35 m depth (locations East-D3, Mid-D2 

and East-D2), while only 2-14% of the effort occurred at 18-22. This indicates a high 

occurrence rate of X. kroyeri in these depths, which agrees with studies from Guyana 

and southern Brazil showing that, depth shapes abundance patterns of X. kroyeri. 

However, in Guyana, the greatest densities were found at 15-30 m depth (Oliveira 1991) 

while in Brazil highest abundance occurred at 20 m (Branco et al. 2013). The specific 

depth ranges of highest abundance vary, therefore, indicating that depth is not the only 

factor shaping the distribution. 

Evidence for the influence of other factors is also given by the VMS effort maps, which 

illustrated a highly aggregated effort inside the most exploited depth range. Sediment 

type is a second major variable affecting the distribution of X. kroyeri (Costa et al. 2007; 

Almeida et al. 2012) and it is often directly correlated to depth. Increasing water depths 

result in diminishing bottom energy, allowing finer sediments to be deposited (Pinet 

2009). Xiphopenaeus kroyeri shows a clear preference for fine sediment (Costa et al. 

2007; Freire et al. 2011; Almeida et al. 2012), which is likely to facilitate burrowing 

activity, reducing energy requirements (Dall et al. 1990; Freire et al. 2011). It is thus 

likely that the preferred substrate types of X. kroyeri are located frequently in the 
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somewhat deeper areas where most fishing effort concentrated. Organic matter 

content is also interrelated with sediment type and depth (Dall et al. 1990) and may 

contribute in shaping the species distribution. However, in an experimental array X. 

kroyeri maintained the preference for fine sediment in absence of organic matter, 

indicating that substrate type is more important than the presence of organic matter 

(Freire et al. 2011).  

Additional factors can certainly also influence species distribution. For example, most 

penaeid shrimp are night active and respond to factors that affect light intensity such as 

diel changes, moonlight and turbidity (Dall et al. 1990). Higher capture rates were 

observed when environmental factors restricted light availability, e.g. after a storm 

(Carothers & Chittenden Jr 1985, cited in Freire et al. 2011), and catches of juveniles in 

an estuary were not equally distributed over the tidal cycle (Dumas 2006). In the present 

study, most of the captains believed that the moon influenced their catch. This is likely 

to apply to a certain extent, since tides and night time light intensity are directly related 

to the moon. Although most statements relating catch with the state of the moon were 

contradictory, the majority agreed that during the first quarter of the moon higher 

catches were obtained in the East. A high proportion of the overall fishing effort was 

invested in the East, indicating high abundances of X. kroyeri in this zone. Moreover, the 

first quarter of the moon coincides with a neap tide (Pinet 2009), while moon light is still 

weak. These characteristics may represent preferred emerging conditions of the species, 

therefore increasing the overall catch.  

Fishing occurred to a negligible extent in the West. Interestingly, in addition to a lower 

seabob shrimp catch, the captains justified their lower exploitation with higher by-catch 

in this area as well as high fuel consumption when sailing back against the Guiana 

Current. A patchy fishing effort does therefore not imply that the target species does 

not occur in non-exploited areas of the fishing zone. High fishing effort rather reflects a 

trade-off between the characteristics that fishermen are searching for (e.g. high 

abundance of the target species, low by-catch to avoid sorting time, low fuel 

consumption, etc.). Therefore, while no specific conclusions can be drawn about seabob 

shrimp occurrence in the western part of the legal fishing area, it can be assumed that 
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abundance is not high enough to compensate fuel consumption and by-catch. Finally, it 

must be considered that fishing effort can also increase if species abundance drops, 

further adding a dimension that complicates interpretation of fishing effort. 

Inferences on species distribution in this study were strictly limited to the legal seabob 

shrimp fishing zone. It is likely that the seabob shrimp occurs in high densities also in 

shallower locations outside the fishing area where it is targeted only by artisanal 

fishermen. These areas might present preferred habitat conditions due to the nutrient 

and sediment-rich river outflow of the Surinamese rivers (Ministry of Labour 

Technological Development and Environment 2013). Indeed, preliminary results of 

Willems et al. (unpublished) found that the seabob shrimp is abundant in the entire 

coastal zone. Moreover, in the same study, highest densities by far were sampled twice 

in a location within the legal fishing zone for which great fishing effort was recorded and 

which was designated by the captains as their main fishing area, bringing them most 

shrimps per haul (Fig. 12).  

 

Figure 12: Cumulative fishing effort (h) over the years 2007-2013. The legal seabob shrimp fishing 
area and the seven locations are delineated. The area specified by the captains (LEK) as their main 
fishing area is illustrated, as well as the sampling station of a research survey by Willems et al. 
(unpublished) where the greatest seabob shrimp abundance was found on two occasions. 
Bathymetric lines indicate 5 m depth increases starting from 10 m isobath 
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This supports the notion that experienced fishermen are very skilled in locating high 

abundances of their target species since they generally have a wide experience on its 

dynamics and environment.  

4.1.2 Population structure 
 

Interviews with the captains revealed a population structure inside the legal fishing area. 

The overall deeper (23-35 m) eastern area was specified to harbour larger individuals, 

while mixed sizes were found in the Mid area (18-28 m depth). Moreover, the results 

indicate that, inside the legal fishing area, the largest individuals as well as gravid 

females occur inside the deepest location (East-D3, 29-35 m). The life cycle of X. kroyeri 

supports these findings, since adults move further offshore to spawn and larvae return 

inshore, where juveniles settle in nursing areas (Dall et al. 1990; Castro et al. 2005). The 

results also indicate that this offshore movement occurs gradually, and that mid sizes 

settle in intermediate depths, before migrating to deeper waters for spawning. This is 

supported by a study in Brazil, which found increasing sizes with depth for other penaeid 

shrimp species (Farfantepenaeus duorarum, F. aztecus and Litopenaeus setiferus) which 

have similar life cycles to X. kroyeri (Castrejón et al. 2005). A size bathymetric species 

division may reduce intra-specific competition for resources by extending the overall 

niche that is occupied, as observed for terrestrial species (Polis 1984). However, 82% of 

the captains agreed, that size patterns in the fishing areas could change on a daily basis 

from larger to smaller individuals. Therefore, despite an apparent population structure, 

this species seems to be highly mobile and many factors are likely to interact to shape 

its distribution and behaviour.  

The characterisation of size classes indicated that the largest size classes, 5 to 7, with 

carapace lengths between 24.4-32.3 mm contained more than 92 % females. Also size 

class 4 (22.9-24.3 mm CL) included over 77 % females. This is explained by the sexual 

dimorphism of the species (Branco et al. 1994; Fernandes et al. 2011). However, it 

further suggests that females predominate in the deeper East-area, which was indicated 

to harbour larger seabob sizes. A dominance of females is likely to be especially evident 

in the deepest East-D3 location (29-35 m), where captains reported to find the largest 

seabob shrimps and most gravid females. In a study in South-Eastern Brazil, females also 
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predominated in the deepest site, and especially during the reproductive period 

(Heckler et al. 2013).  

Finally, the present study found a slightly but significantly higher proportion of females, 

both from the morphometric landing data in 2011 (53% females) and from the 

morphometric data collected on a research survey in 2012 (55 %). This pattern was also 

found in Northern Rio de Janeiro for X. kroyeri and in further study areas for other 

penaeid shrimps (Fernandes et al. 2011). It may be a consequence of the higher 

longevity of females (Heckler et al. 2013), which leads to a slightly higher proportion of 

this gender in the overall population. Nevertheless, it would be interesting to investigate 

whether in Suriname this pattern is consistent over the year. 

4.1.3 Seasonal occurrence 
 

In the shallow waters of Suriname, salinity can change markedly between seasons. River 

outflow during the rainy season reaches far offshore and causes the brackish and marine 

fauna to move further offshore. In the dry season a reverse effect is observed when the 

the Guiana Current weakens, causing a sharp reduction of the brackish water supply and 

marine fauna moves back inshore (Fuglister 1951; Bhagwandin 2012). Although penaeid 

shrimp are euryhaline, adults lose the ability to tolerate low salinity conditions (Dall et 

al. 1990). A spatio-temporal movement to adapt to changing salinity conditions was 

therefore also expected for X. kroyeri. Only the main fishing locations (East-D3, East-D2 

and Mid-D2) showed significant differences between seasons. As expected, fishing 

intensity in the dry season decreased in Mid-D2 (Mid, offshore) and increased in East-

D2 (East, inshore). Although fishing effort in the dry season also increased in the more 

offshore located East-D3, mapping of the VMS data illustrated that this increase was to 

a large extent located in a further inshore part of the area, located at the height of East-

D2.  

A spatial movement of the seabob shrimp population between seasons was further 

supported by the analysis of CPUE per season. CPUE was significantly higher in the rainy 

season for all years, indicating a higher abundance of X. kroyeri during the rainy season 

inside the legal fishing zone. This agrees with the findings of Bhagwandin (2012), who 
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reported that during the rainy season in Suriname brackish-water fauna is often 

displaced beyond 20m depth offshore, thus entering the legal fishing area which starts 

at 18 m. A stakeholder of SAIL also described seasonal variations in abundance, with 

depths of 24-26 m during the rainy season and 13-16 m during the dry season (Sewdien 

in FAO 2000).  

The overall higher fishing effort during the dry season is likely to result from the lower 

CPUE during this season, since with lower abundances of target species more time is 

needed to obtain a satisfactory catch. However, this may have partly been influenced 

by the classification of the seasons itself, since from the seven years 45 months were 

allocated to the dry season, but only 37 months to the rainy season. 

4.1.4 Temporal patterns in catch composition 
 

Seasonal CPUE patterns changed between years for all size classes. Also the captains 

could not identify clear seasonal patterns for any of the categories asked for (larger and 

smaller individuals as well as gravid females). Nevertheless, a trend of significant higher 

CPUE during the rainy season was observed for size classes 2-7 (mainly adult individuals), 

while size class 1 (mainly immature individuals) displayed the opposite trend. 

In addition to the influence of seasonal movements in CPUE, an actual increase in 

abundance may occur between seasons, since abundance of X. kroyeri also followed 

seasonal trends in other study regions without a declared fishing zone (Branco et al. 

1999; Branco 2005; Costa et al. 2007; Branco et al. 2013). Seasonal abundance patterns 

could be a consequence of unequal spawning peaks throughout the year (e.g. Dall et al. 

1990; Branco 2005; Almeida et al. 2012) related to a variety of factors, such as food 

availability, water mass transport and temperature (Almeida et al. 2012; Heckler et al. 

2013). It is however not possible to determine whether the lack of clear seasonal 

patterns in this study site is an artefact of the fisheries data or a real characteristic of 

the population. Particularly, assuming a population structure of this species, the fishing 

locations of the captains might have largely biased the overall abundance patterns. A 

research survey with equal representation of sampling zones would therefore be 

necessary to accurately determine seasonal abundance of catch composition.  



Discussion 
 

 

                                                                                                                                                                            41 

 

Monthly fluctuations of size class 1 CPUE were additionally used as the best proxy 

available for juvenile recruitment. Seasonal analysis demonstrated a trend of 

significantly higher CPUE in the dry season. However, monthly analysis indicated that 

high peaks of CPUE occurred both in the dry and rainy season. Peaks of size class 1 CPUE 

were observed in all years. However, the intensity and the specific months varied with 

years.  

Previous studies in southern Brazil also found a continuous recruitment with dissimilar 

intensity throughout the year and peaks were related to increased water temperature 

(e.g. Castro et al. 2005; Fernandes et al. 2011; Almeida et al. 2012). Moreover, a bimodal 

spawning with primary and secondary reproduction peaks was reported in southern 

Brazil (e.g. Fernandes et al. 2011; Almeida et al. 2012) as well as in the North of Brazil 

(Santos & Freitas 2000, 2005 cited in Fernandes et al. 2011). Bimodal spawning and a 

strong relationship to water temperature may therefore also apply for the seabob 

shrimp population in Suriname. However, the available fisheries-dependent data had 

several limitations which impeded an accurate determination of juvenile recruitment. 

Firstly, there is a time lag between high abundance of juveniles in their inshore nursery 

grounds and the moment they reach the size at which they enter the more offshore legal 

fishing area. This may cause a peak of recruitment which actually occurs in inshore 

waters during the dry season to appear in the legal fishing area only several months later 

during the rainy season. Moreover, the mesh size of 57 mm at the body and wings and 

45 mm at the codend used by the fishery (Southall 2011) prevents catch of the smallest 

sizes. Additionally, captains avoid areas with a large amount of small individuals since 

these cannot pass the sorting machine of the factory (pers. comm.). Thus, peaks of size 

class 1 CPUE may not have been recorded due to the characteristics of the net and the 

fishing behaviour of the captains. LEK of artisanal fishermen, fishing in inshore waters, 

could provide a more accurate description of juvenile recruitment patterns. 
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4.2 Stock status 
 

The target limit of the Harvesting Control Rule is set at 1.77 tonnes per day, which 

represents 120% of the Maximum Sustainable Yield (MSY) calculated for this stock 

(CRFM 2011). With the exception of two years (2005 and 2006), yearly CPUE values were 

consistently above this precautionary CPUE target. The results indicate that X. kroyeri is 

a productive species, currently coping with the effort imposed. Nevertheless, an effect 

of the fisheries on the stock may exist, since captains noted that catch was higher and 

seabob shrimps were larger when the fisheries opened in 1996. Fisheries are known to 

be a cause of artificial selection in target species populations which can lead to 

evolutionary changes in a variety of traits (Enberg et al. 2010) including size and 

production. This may explain the patterns observed by the captains. 

Although CPUE numbers obtained in this study were in safe limits, the values were lower 

than those calculated by Southall (2011) for the MSC certification report. His catch 

values were however subsequently corrected, since inconsistent reporting of the catch 

state (peeled vs unpeeled) and units of weight by the industrial fishery had led to errors 

(CRFM 2011). While considerable effort was invested in the current study to correctly 

standardise all values, mistakes of this nature may still persist. Furthermore, results 

should be interpreted with caution, since only one data point per year was available and 

consequently no statistical analysis could be carried out. Moreover, these numbers 

belong exclusively to the industrial fishery. While this sector accounts for the largest part 

of the catches, landings from the artisanal fishery may be underestimated (Southall 

2011). Including both sectors in the analysis would therefore produce a more reliable 

estimation of stock status.  

No catch records were available for 2014, yet during interviews captains indicated catch 

to be strikingly low for this year. Future monitoring will be necessary to determine 

whether this represents an exception, as in 2005, or a general downward trend which 

may require a response in the fisheries management. 

During all years, size classes 2 and 3 (16.6 – 22.8 CL) constituted the largest part of the 

catch (see Annex 2 Fig. 17). Only 0.08% juvenile males, and 2.46 % gravid females were 
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recorded in these size classes. Moreover, the proportions of males and females were 

most balanced in these two size classes, with a somewhat higher proportion of males 

(58% in size class 2 and 51% in size class 3). The largest proportion of the catch does 

consequently not include size classes with immature individuals (size class 1) or mature 

females (size classes 4-7), which are most important to maintain the population health 

in future generations.  

4.3 Implications for management 
 

The main fishing grounds with the highest aggregated fishing effort were fairly 

consistent over the years (e.g. Annex 2 Fig. 16). These areas are probably preferred 

habitats of the seabob shrimp due to certain characteristics (e.g. sediment) leading to 

high aggregations of this species. Moreover, they are likely to have a lower risk of by-

catch, since all captains agreed to be searching for “clean” seabob shrimp. These areas 

are therefore of high value for the industrial fishery, making an important contribution 

to the overall revenue. On the other hand, the seabed of those areas is suffering greater 

from the effects of the bottom trawling gear because of higher fishing effort. Indirect 

trawling impacts can affect ecosystem functioning (Olsgard et al. 2008) and lead to 

changes in the seabed community. Specifically, a decrease in abundance of k-strategists 

(population size is determined by the carrying capacity of the environment K) such as 

crustaceans is hypothesised and has been observed in some study areas (Jones 1992).  

Indirect effects of trawling might therefore also affect the production of the seabob 

shrimp and should not be neglected. 

Protecting “essential habitats” of commercially important species has been applied as 

an important management tool in ecosystem based management to protect areas that 

are critical for the health and productivity of marine resource, such as spawning and 

nursery grounds (Leite & Gasalla 2013; Roff & Zacharias 2013). In Suriname, nursery 

grounds of X. kroyeri are probably located in inshore waters and protected through the 

inshore border of the legal trawling area. The captains additionally identified a specific 

location in the deepest part of the legal fishing area (East at 29-35 m) to harbour the 

largest seabob shrimps and most gravid-females. While this information could not be 

verified by fisheries data or by other available data source, it is most likely to be 
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accurate. Firstly, the captains have a great experience in the seabob shrimp fishery (on 

average 16 ±4 years) and have thus accumulated wide knowledge on the resource. 

Moreover, the percentage of consensus was very high (72% on the longitude and 82% 

on the latitude). Additionally, a predominance of female X. kroyeri in the deepest site 

was also observed by Heckler et al. (2013) using traditional research methods. As with 

many other marine organisms, fecundity of this species is positively related to size (Dall 

et al. 1990) and large females are therefore disproportionally contributing to 

recruitment. Areas where the largest mature females are abundant are therefore also 

critical for productivity and can be considered “essential habitats” in need of protection. 

The captains’ knowledge is largely confined to the area in which they are allowed to fish. 

Therefore, mature females could also occur aggregated in some suitable area at similar 

depths in the Mid and West area which are not part of the legal fishing zone. In this case, 

this “essential habitat” type would be already protected in those locations through the 

delineation of the fishing zone. However, given that neither fisheries data nor LEK 

provided information about the deeper Mid and West, future studies should investigate 

spatial and temporal distribution of largest females over the whole area to improve the 

foundation for management measures. 

Analysis of stock status indicated a stable production. The fact that the largest part of 

the catch did not include size classes with mature females or immature individuals also 

indicates a healthy stock. Nonetheless, errors were found in logbook records, such as 

incorrect reporting of the state of the catch (peeled vs. raw) and wrong indication of 

units. Mistakes of the same nature were also detected in record from this fishery by 

CRFM (2011). If undetected, such errors lead to wrong CPUE estimations, on which 

management bases their stock assessment. Carefully avoiding these mistakes is 

therefore critical, if CPUE is to accurately represent stock status and lead to sound 

management measures. 

Finally, captains proved to have relevant knowledge about the seabob shrimp and its 

environment. Including the knowledge of captains and fishermen in management 

decisions could therefore benefit both management measures and the comprehension 

among stakeholders. Moreover, the methodology employed was efficient in filtering 
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relevant information with which the majority of interviewees agreed. For example, 55% 

of the captains were in favour of closing the East and Mid area during a suitable time 

period to allow the seabed to recover. Moreover, they suggested that in order to 

increase catch, the West area could be opened three miles inshore outside the breeding 

season. Preliminary results of Willems et al. (unpublished) found high abundance of 

seabob shrimp in the area that the captains suggested to widen, confirming a good 

knowledge of the captains about the area. The time frame of breeding season is 

currently not known and would thus have to be investigated, however suggestions 

based on LEK are likely to be beneficial and worth considering by management and the 

stakeholders involved. The inclusion of artisanal fishermen’s LEK in management 

measures would be of further advantage, both because of their complementary 

knowledge on inshore dynamics of X. kroyeri and because of their interest as 

stakeholders on management measures affecting the resource. 

5. Conclusions 
 

Fisheries data and LEK provided relevant information on the seabob shrimp population 

in Suriname and its industrial fishery, including main fishing areas, seasonal variations in 

CPUE and an important area for the health of the stock harbouring large gravid females. 

This information covered a time period and a resolution far higher than a research 

survey could obtain. However, information from the two data sources was confined to 

the legal fishing area. Moreover, interpretation of fisheries data was not 

straightforward, due to the unbalanced representation of sampling zones, confounding 

factors and errors in the logged data. The inclusions of LEK proved very valuable in 

understanding inherent limitations of the fisheries data and in complementing 

information not available from the more detailed fisheries data source.  

While fisheries-dependent data cannot replace a complete research survey, their 

benefits, such as their wide availability and the long-term period that they cover, are 

substantial. Moreover, the efforts invested by fishermen to find their target species 

exceeds by far any traditional research. Nevertheless, limitations of fisheries-dependent 

data are unavoidable and will vary with study site (e.g. depending on area that is allowed 
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to fish, the targeted species and their characteristics, etc.). A better understanding of 

the advantages and limitations of these datasets is essential for sound management 

guidance and could be achieved by comparing results from traditional research surveys 

and fisheries data for the same study sites. Until this is achieved, a careful and critical 

interpretation is necessary. 
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Table 5 - Data cleaning procedure of the VMS dataset 

 
 

 

 

Data filtering procedure Change Remaining 
data 

Per cent of 
total data 

VMS data received from the Surinamese fishing 
ministry 

NA 1,500,686 100 % 

Removal of Duplicates - 29,946 1,470,740 98 % 

Removal of records with a transmission interval 
of <5 min 

- 42,842 1,427,898 95.15 % 
 

Removal of erroneous positions located outside 
the range of the globe 

 0 1,427,898 95.15 % 

Removal records with speeds >20 knots - 12 1,427,886 95.15 % 

Removal of records located inside the harbour - 270,597 1,157,289 77.12 % 

Filter for fishing activity           - 471,611 
 

685,678 45.69 % 
 

Fishing points inside seabob trawling zone - 10,066 675,612 45.02 % 

Figure 13 – Information used to define fishing thresholds of the VMS data: (a) Speed frequency distribution of the 
vessels from the VMS records and (b) Fishing speeds mentioned by captains under personal communication 
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Table 6 - Data cleaning procedure of the logbook dataset 

Data cleaning procedure Change Remaining 
data 

Per cent of 
total data 

Logbook data received from the fishing 
ministry 
 

NA 5,047 100 % 

Duplicated entries 
 

0 5,047 100 % 

Missing date indication  
 

- 449  4,598 91.1 % 

Record where arrival before departure 
 

- 2 4,596 91.06 % 

Records of 1 day of duration 
 

- 2 4,594 91.02 % 

Records outside study period (2007-2013) - 14 4,580 90.75 % 
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Figure 14: (a and b) Comparison of yearly CPUE values (tonne/year) from the logbook versus the catch 
and effort data for the years 2007-2012. CPUE target, trigger and limit lines of the harvest control 
rule (HRC) are additionally illustrated in red in respective order. The catch and effort data is a 
summary from the logbook, therefore similar CPUE values are expected from both data sources. In 
(a) HPS logbook values for 2007-2009 are assumed to be in WP while in (b) these values are considered 
to be in WT. (c and d) Comparison of mean (±𝑆𝐷) logbook CPUE (tonnes/year) records from SAIL and 
HPS for the years 2007-2013. The two companies fish in the same restricted zone with same amount 
of license, gear, mesh size and engine restrictions. Therefore, similar CPUE values are expected for 
both companies. In (c) HPS records for 2007-2009 are assumed to be in WP while in (d) these values 
are considered to be in WT. 
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Questionnaire for Local Ecological Knowledge 
 

Name (opt):  Date & Time start:  

Sex - Age:  Time end:  

Vessel Name:  Interview Nr.:  

Part I: Personal data 

 

 

Part II: Spatial data 

 

 

 

1)  How many years working for a fishery? | How many for the seabob fishery? 

2)  How many years working as a captain of fishing vessel? | How many as a captain of seabob? 

3)  Are you the first generation of fishermen in your family? 

4)  How many fishing trips do you do per month? 

5)  What are the fishing speeds (min, max) for your boat? 

1)  Where are the main fishing areas? (map / coordinates) 

2)  Where do you find the largest seabob? (map / coordinates) 

3)   Where do you find the smallest seabob? (map / coordinates)  

4)   Where do you find the green-backed seabob? (map / coordinates)   

 

5)  

 

Are there areas where you have more by-catch? (map / coordinates) 

 

6)  

 

| Less by-catch? (map / coordinates) 

 

Where do you catch more baskets of shrimps per haul? (map / coordinates) 

7)  

 

What is the time for one haul?  
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| Same time then in the past? (More / Less) 

 
Part III: Seasonal data 

 

 

 

 

 

  | Less by-catch (Month, Season) 

Part IV: Additional information 

 

 

Parte V: Management 

 

 

  

 

 

1)  When do you find largest seabob? (Months, Season) 

2)   When do you find the smallest seabob? (Months, Season) 

3)   When do you find the green-backed seabob? (Months, Season) 

4)  Do you go to different areas in different times of the year? When what area? 

5)  When do you have more by-catch? (Month, Season) 

6)  Is there one or more months when you have more baskets of shrimps per haul?  

1)  How do you decide to go to a certain area? 

2)  Do you take other factors into account? (E.g. moon, weather, bottom type, time year/ month) Why? 

3)  Do you mainly look for clean seabob or also for large fish by-catch?  

1)  Do you think fishery should close each year a few weeks like in Guyana? Why? 

2)  Are you happy using the TED and BRD? Why? Suggestions to change it? 

3)  Do you have any further suggestions for management? 
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Table 7: Relative fishing effort (%) in each location per year and season 

Location Fishing effort (%) per year and season 

 2007 2008 2009 2010 2011 2012 2013 Rainy Dry 

East-D1 0.36 3.10 0.94 0.19 0.19 0.02 0.01 0.95 0.63 

East-D2 19.37 23.96 14.24 13.94 17.42 11.24 8.59 9.32 20.02 

East-D3 42.91 42.49 53.23 59.88 36.27 30.51 38.80 39.34 45.83 

Mid-D1 4.61 1.60 0.61 2.56 10.93 4.73 12.74 5.36 5.57 

Mid-D2 30.90 27.68 30.04 23.08 34.62 49.08 38.93 43.18 26.79 

West-D1 1.79 1.15 0.93 0.32 0.52 4.05 0.87 1.68 1.15 

West-D2 0.06 0.02 0.00 0.03 0.05 0.38 0.06 0.18 0.02 

 

Figure 15: Total fishing effort (h) per year for each of the seven locations 
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Figure 16: Fishing effort (h) per year (2007-2013). The legal seabob shrimp fishing area and the 
seven locations are delineated. Bathymetric lines indicate increases in depth of 5 m starting from 10 
m bathymetry line 
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Table 8: Significant groups of pairwise comparison of fishing effort between location and year  

 Groups t P (perm) 

    
Within level East-D1 2007, 2008 2.143 0.03 
 2007, 2012 2.2382 0.036 
 2008, 2010 2.1141 0.044 
    
Within level East-D2 2008, 2009 3.4853 0.001 
 2008, 2010 3.4735 0.001 
 2009, 2011 2.2234 0.028 
    
Within level East-D3 2008, 2009 3.5924 0.001 
 2008, 2011 2.3095 0.022 
 2008, 2012 2.5327 0.011 
 2009, 2010 2.7612 0.004 
 2009, 2013 2.4478 0.018 
    
Within level Mid-D1 2007, 2008 4.8257 0.001 
 2007, 2013 3.0156 0.001 
 2007, 2011 3.2258 0.001 
 2008, 2009 4.1155 0.001 
 2008, 2013 2.7791 0.005 
 2008, 2011 3.1044 0.001 
 2009, 2010 2.7418 0.002 
 2009, 2013 3.1485 0.001 
 2009, 2011 3.8693 0.001 
 2009, 2012 3.6645 0.001 
 2010, 2013 3.1539 0.003 
 2013, 2012 2.4549 0.01 
 2011, 2012 2.2436 0.015 
    
Within level Mid-D2 2007, 2008 2.2331 0.021 
 2007, 2013 2.8704 0.002 
 2007, 2011 2.4649 0.015 
 2007, 2012 3.4245 0.001 
 2009, 2012 2.0855 0.029 
 2010, 2013 2.3009 0.029 
 2010, 2011 1.9803 0.043 
 2010, 2012 2.8786 0.007 
    
Within level West-D1 2007, 2012 1.9213 0.04 
 2013, 2012 1.9884 0.044 
    
Within level West-D2 2008, 2009 2.435 0.03 
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Table 9: Table illustrating years in which pairwise comparison indicated a significant difference of 
CPUE between seasons for each size class 

 Year t P (perm) 

Size class 1 2007 7.2082 0.001 
 2010 6.9834 0.001 
 2012 4.3804 0.001 
 2013 4.8629 0.001 
    

Size class 2 2007 5.1168 0.001 
 2008 4.4987 0.001 
 2009 7.0992 0.001 
 2010 9.289 0.001 
 2012 4.1097 0.001 
 2013 5.8061 0.001 
    

Size class 3 2007 4.1664 0.001 
 2008 3.8984 0.001 
 2013 3.215 0.004 
    

Size class 4 2007 3.03 0.004 
 2008 5.4761 0.001 
 2009 5.6296 0.001 
 2010 5.2062 0.001 
 2011 4.2134 0.001 
 2012 4.4916 0.001 
    

Size class 5 2007 5.0689 0.001 
 2008 8.9445 0.001 
 2009 3.402 0.001 
 2010 6.84 0.001 
 2011 5.7907 0.001 
 2012 6.2515 0.001 
 2013 2.0999 0.037 
    

Size class 6 2007 9.871 0.001 
 2008 13.756 0.001 
 2009 5.2099 0.001 
 2010 8.4448 0.001 
 2011 4.7388 0.001 
 2012 9.9661 0.001 
 2013 7.6584 0.001 
    

Size class 7 2008 2.85 0.008 
 2009 4.9053 0.001 
 2010 4.176 0.001 
 2012 4.3315 0.001 
 2013 2.4846 0.012 
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Figure 17: Graph representing catch in tonnes (Mean +SD) of the seven seabob shrimp size classes in 
the rainy vs. dry season for the years 2007-2013.  
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Figure 18: Mean (±SD) CPUE (tonnes/day) of size class 2 (SC2) per month, for the years 2007-2013. 
Months categorised as dry season are plotted over a yellow background, while months falling in the 
rainy season have a blue background 
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Figure 19: Mean (±SD) CPUE (tonnes/day) of size class 3 (SC3) per month, for the years 2007-2013. 
Months categorised as dry season are plotted over a yellow background, while rainy season months 
have a blue background 



Annex 2: Supporting material for Results and Discussion 
 

 

                                                                                                                                                                            64 

 

 

Figure 20: Mean (±SD) CPUE (tonnes/day) of size class 4 (SC4) per month, for the years 2007-2013. 
Months categorised as dry season are plotted over a yellow background, while months falling in the 
rainy season have a blue background 
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Figure 21:  Mean (±SD) CPUE (tonnes/day) of size class 5 (SC5) per month, for the years 2007-2013. 
Months categorised as dry season are plotted over a yellow background, while rainy season months 
have a blue background 
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Figure 22:  Mean (±SD) CPUE (tonnes/day) of size class 6 (SC6) per month, for the years 2007-2013. 
Months categorised as dry season are plotted over a yellow background, while months falling in the 
rainy season have a blue background 
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Figure 23:  Mean (±SD) CPUE (tonnes/day) of size class 7 (SC7) per month, for the years 2007-2013. 
Months categorised as dry season are plotted over a yellow background, while months falling in the 
rainy season have a blue background 


