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Preface 

This thesis fits in the framework of EMBC, an International Master of Science in Marine Biodiversity and 

Conservation. The two-year master program is offered by a university consortium consisting of 6 

university partners and a wide global network of associate members coordinated by Ghent University, 

Belgium. The intention of this thesis fits in the PhD research of Tomas Willems: "Towards a sustainable 

fisheries management on the seabob shrimp along the coastal zone of Suriname". In 2011 a PhD 

scholarship was granted to Tomas Willems (ILVO, Flemish Institute for Agriculture and Fisheries 

Research), to conduct research on a MSC-granted (2011) tropical shrimp fishery in Suriname, South 

America. The main targets of his research are i.a. to identify the ecological role of the seabob in the 

marine foodweb and to assess the secondary impacts of the fishery on the ecosystem. The results from 

the research will be translated into scientifc advice to adjust the management of the seabob fishery 

ensuring its sustainability and economic profitability on the long-term (ILVO 2015). 

This thesis elaborates on the reproductive biology and recruitment of the seabob on a spatio-temporal 

scale along an estuary-ocean gradient and the environmental factors influencing the abundance of the 

different life stages through time and space. Eight sampling campaigns were implemented from February 

2014 until February 2015. I joined the sampling campaign at the end of August where I spent 5 days on 

the seabob trawler Cobia to get used to the sampling techniques used in the marine field in a developing 

country, which is not always a matter of course. From February 2015 until May 2015, hyperbenthic 

samples and onboard gathered data were analyzed at the lab in ILVO, Ostend, Belgium. The structure of 

the thesis follows the structure of a scientific paper, the introduction covers 3 sections; the first section 

gives a brief introduction to ecosystem based fisheries management and the status of global shrimp 

fisheries these days, the second part highlights the distribution and catch of seabob in general and the 

management strategy of the seabob fishery in Suriname. The closing part of the introduction covers the 

objectives of the thesis. The methods and materials section comprehends the used samples techniques 

to obtain the seabob and environmental data throughout the year and the used statistics to identify the 

patterns. The methods and materials part is followed by the results. The discussion compares the 

obtained results with recruitment studies previously done in Brazil and gives recommendations for 

management decisions and further research, encouraging the sustainability of the fishery. 

There are a lot of people I would like to acknowledge for their support during the progress of my study 

and the master thesis. First of all I would like to thank my parents for all the years of study that preceded 

this master thesis. They supported me both financially and mentally. I also would like to thank Tomas, for 

guiding me in Suriname and the assistance with the elaboration of the samples in the lab, the data 

analysis and the discussion of the obtained results. I would also like to thank Dr.K.Hostens and Dr.A.De 

Backer for reading and adjusting my thesis and I would like to acknowledge Prof.Dr.M.Vincx to be the 

promotor of this thesis and guiding Tomas through his PhD research. At last I would like to express my 

gratitude for friends, family, the EMBC family, professors from Ghent University and GMIT, ILVO, the 

people I met in Suriname (Fred, I hope you can build your eco-lodge in of the most pristine and 

fascinating places in the heart of the Surinam’ rainforest) and the crew of the seabob trawler Cobia and 

Neptune 6 (yes, you Steve, I’ll never forget the chicken feet).  
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Abstract 
 

The Atlantic seabob shrimp Xiphopenaeus kroyeri occurs abundantly in the shallow coastal waters of 
Suriname, where it is an important natural fishing resource for both industrial and artisanal fisheries. 
Studies on the species are very limited on the northern coast of South America, although information 
on the biology of exploited species is crucial for a sustainable and ecosystem-based fisheries 
management. In 2014, a year-round sampling was conducted to reveal the life cycle dynamics of 
X.kroyeri on a spatio-temporal scale along an estuary-ocean gradient. Hyper – and epibenthic 
samples were taken to sample the postlarval, juvenile and adult stages of X. kroyeri. Five abiotic 
parameters were recorded: temperature, salinity, Secchi depth, suspended matter and sediment. 
Results have shown that recruitment occurred continuously in the in- and offshore zone. A main and 
a smaller recruitment event (increased postlarvae density) occurred respectively in July and October 
in the inshore zone. The bottom temperature peaked during the main recruitment event in the in- 
and offshore zone. Postlarvae and small juveniles were more present in the shallow inshore zone, 
large juveniles and adults in the deep offshore zone. The sustainability of the fishery could be 
enhanced by a closed fishing season from June through August to protect the reproductive females 
during the main recruitment event.  

Keywords: Atlantic seabob shrimp, Xiphopenaeus kroyeri, sustainable fishery, MSC, shrimp, recruitment, 

postlarvae, spatio-temporal, Suriname, South America  
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Executive Summary 
 

The Atlantic seabob shrimp Xiphopenaeus kroyeri occurs abundantly in the shallow coastal waters of 

Suriname, where it is an important fishing resource for both industrial and artisanal fisheries. Studies 

on the species are very limited on the northern coast of South America, although information on the 

biology of exploited species is crucial for a sustainable and ecosystem-based fisheries management. 

In 2014, a year-round sampling (8 campaigns, every 6 weeks, Feb 2014 – Feb 2015) was conducted to 

reveal the recruitment of X.kroyeri on a spatio-temporal scale along an estuary-ocean gradient with 4 

stations. The objectives of this thesis were to: 1) examine spatio-temporal patterns of the early life 

stages of X. kroyeri along an estuary-ocean gradient, 2) relate environmental variables to the 

abundance of the early life stages of X. kroyeri , 3) draw conclusions from the results that relate to 

the management of the seabob fishery in Suriname. Scientific samples were taken with the seabob 

trawlers Neptune 6 and Cobia. Adult and juvenile X. kroyeri were caught by dragging the onboard try-

net for 30 minutes across the bottom. All X. kroyeri individuals were onboard sorted by sex and stage 

of maturity, counted and measured with a caliper (1 mm). Thereafter a hyperbenthic trawl was 

dragged for ca. 5 min. right along the hyperbenthic zone of the water column to catch the postlarvae 

of X. kroyeri.  Five environmental variables were measured at each sampling event:  temperature and 

salinity (CTD, no data from July), suspended matter (Niskin bottle), visibility (Secchi disk), sediment 

composition (Van Veen grab, median grain size & mud content). The life stages of X. kroyeri were 

expressed in densities (m-²) and subjected to a length-frequency cohort analysis to identify the 

periods of recruitment. Results have shown that recruitment occurred continuously in the in- and 

offshore zone. A main and a smaller recruitment event (increased postlarvae density) occurred 

respectively in July and October in the inshore zone. The bottom temperature peaked during the 

main recruitment event in the in- and offshore zone. The inshore stations were characterized by a 

lower salinity, a higher temperature, lower clarity, higher amount of suspended matter then the 

offshore stations. Postlarvae and small juveniles were more present in the shallow inshore zone, 

large juveniles and adults in the deeper offshore zone. The sustainability of the fishery could be 

enhanced by a closed fishing season from June through August to protect the reproductive females 

during the main recruitment event.  

  

The dynamic coast of Suriname (The Terra/MODIS image by NASA, Naipal 2010). 
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1. Introduction 
 

 
Fisheries and aquaculture represent one of the largest sources of proteins, and provide a livelihood 
for more than 140 million people across the globe (FAO 2014, Garcia & Cochrane 2005). With an 
annual catch of 3,4 million tons, wild caught shrimp contribute significantly to the global fisheries 
catch (4-5%). At present, the worldwide shrimp production (fisheries and aquaculture combined) 
attains unseen levels of 7-8 million tons a year (FAO 2014). Although tropical shrimp fisheries in 
developing countries often form the most valuable fishery export product, they are notorious for 
their high bycatch and discard levels (Davies et al. 2009, Gillet 2008, ICES/FAO 2005). Recent 
assessments estimated that tropical shrimp fisheries generate 27% (1,86 million tons) of the total 
annual global bycatch (Gillet 2008, ICES/FAO 2005). The tropical shrimp industry grew promptly from 
the 1960s onwards; nowadays the number of trawlers has decreased due to the shift to aquaculture 
(FAO 2014, Gillet 2008). However fishing effort remains high and overfishing is fragrant; especially in 
tropical areas were overcapacity of the fleet predominates (Gillet 2008). Lately, scientific research 
has aimed its attention to the reduction of the bycatch levels and physical impacts of the trawling 
gear (Broadhurst 2000, Eayrs 2005, Gillet 2008, Macfadyen et al. 2013, Southall et al. 2011, 
Sudhakara 2011). Tropical shrimp fisheries these days are characterized by low profitability due to 
rising fuel costs and competition with farmed shrimp (Globefish 2014 Highlights, Gillet 2008, 
Hempeel et al. 2002, Szuster 2006, appendix 1.1). 
 
Marine ecosystems are next to overfishing also affected by an increasing stress of non-fishing 
hazards like eutrophication, offshore mining, oil and gas extraction and human settlement along the 
coasts. Now that it becomes clear that also remote areas like the deep sea and polar seas are 
becoming affected by human activity, a new strategy has been developed to exploit marine 
resources in a more sustainable way: Ecosystem Based Fishery Management (EBFM) (Cook et al. 
2014, Levin and Möllmann 2015, Garcia & Cochrane 2005, Voss et al. 2014, UNEP 2014, Zhou et al. 
2010). EFBM has been proposed as a more effective and holistic approach for managing fisheries in a 
sustainable way with the focus on reducing habitat destruction, incidental mortality of non-target 
species (bycatch) and changes in the structure and functioning of ecosystems (Cook et al. 2014, 
Garcia & Cochrane 2005, Levin & Möllmann 2015, Zhou et al. 2010). It acts on a precautionary 
approach reducing irreversible impacts like regime shifts until more scientific and local ecological 
knowledge is known (Cook et al. 2014, Garcia & Cochrane 2005, Levin & Möllmann 2015, Zhou et al. 
2010). By understanding the complexity, interaction and the variability of ecosystems on a spatio-
temporal scale awareness can be raised to promote an economic comprehension of maintaining 
healthy ecosystems and exploiting them in a sustainable way to assure long-term socio-economic 
benefits (Cook et al. 2014, Garcia & Cochrane 2005, Levin & Möllmann 2015, Voss et al. 2014, Zhou 
et al. 2010). Finally, due to the complexity of marine ecosystems, we need to identify and prioritize 
the key components and these should be the focus of the management actions (Cook et al. 2014, 
Garcia & Cochrane, Levin & Möllmann 2015, Voss et al. 2014, Zhou et al. 2010). In spite of all the 
efforts that have been made to implement ecosystem approaches in fisheries management there has 
been a decelerated shift from single species management towards EFBM (Cook et al. 2014, Levin and 
Möllmann 2015, Voss et al. 2014). 
 
 According to Tavares (2002) shrimps from the family penaeidae contribute to 95% of the total 
commercial shrimp production in the Western Central Atlantic. One of the commercial penaeid 
species found in this area is the seabob shrimp (Xiphopenaeus kroyeri). This shrimp is found along the 
continental shelf from North Carolina (USA) to Santa Catarina (Brazil) (Almeida et al. 2012, Fig. 1). 
The species was first described in 1862 by Heller as Penaeus kroyeri and renamed to Xiphopenaeus 
kroyeri in 1869 by Sidney Irving Smith (Holthuis 1980). This species is of commercially importance in 
USA, Mexico, Trinidad and Tobago, Guyana, Suriname, French Guyana and Brazil (Fig. 1). 
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In the last 5 decades there has been a significant increase in catch from 6000 t in the 1960s to 52007 
t in 2012 (Almeida et al. 2012). In North Brazil fishing for X.kroyeri became popular as stocks of 
Penaeus subtilis, P. brasiliensis and P. paulensis were decreasing. The largest fishery for X.kroyeri 
shrimp operates in Guyana (24 833 t in 2012) where the species is suggested to be overexploited 
(FAO FISHSTAT 2015). Due to its economic importance, research on its biology, ecology and 
reproduction has steadily increased over the last years (Almeida et al. 2012, Branco 2005, Castro et 
al. 2005, Campos et al. 2009, Heckler et al. 2014, Santos et al. 2013).   

The seabob fishery in Suriname began developing in the mid-1990s and it is currently harvested by 
20 ‘Florida’ double twin rig demersal shrimp trawlers owned by 2 companies: Heiploeg Suriname and 
SAIL. The number of licenses decreased 30% since 2008.  The trawlers 
operate in a designated trawl zone (Fig. 2, 18-35 m, FAO Statistical 
area 31) to assure the protection of the artisanal fisheries and the 
nursery zones (LVV 2012, Southall et al. 2011). The artisanal fishery 
contains 500 vessels with Chinese seines aiming for seabob (Southall 
et al. 2011). Beyond 35 m depth heavier trawling gear is used to target 
finfish or Penaeus sp. The ‘Florida’ double twin rig demersal trawl has 
4 otter boards, a low net opening (2 m), a mesh size of 57 mm in body 
and wings, 45 mm in the cod end and no rock hopper bobbins. The 
shrimps live in soft sediment burrows in the bottom and light tickler 
chains on the trawl net stimulate seabob to flee their burrows 
(Almeida et al. 2012, Castro et al. 2005, Freire et al. 2011, Heckler et 
al. 2014, Simoes et al. 2010). 
 
 

Fig. 2: EEZ of Suriname and 
the zonation (Southall et al. 
2011). 

Fig.1: Distribution (darkgrey) and catch of Xiphopenaus kroyeri (red) in 2012. Zero values were observed for French 
Guiana and Trinidad & Tobago. X.kroyeri is only fished by small artisanal fisheries in these countries (data from 
FAO FISHSTAT 2015).  
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Seabob fishing trips normally last for 6-8 days. Each time 2 days are spent to reach and depart from 
the designed trawl zone, 2 days between two trips are devoted to rest.  The boat is mostly filled with 
around 10 t of seabob after approximately 40 hauls. A trawler has an average of 30 trips a year with a 
maximum of 220 days. Shrimps are processed in two factories, where they are sorted, cleaned, 
peeled, frozen and exported to the USA and Europe (Southall et al. 2011). The fishery is managed by 
the harvest control rule (HCR) that aims at maintaining the biomass 10% higher than the MSY to 
ensure the sustainability of the stock. During the stock assessment in 2009 a logistic surplus 
production model was implemented using catch data from 1989-2008 and effort data from 1998-
2008. The results indicated that the Suriname seabob is not overfished, with a B/BMSY (current 
biomass relative to biomass at maximum sustainable yield) value of 1,22 and a median value F/FMSY 
(current fishing mortality relative to fishing mortality) of 0,82. Reference points for the fishery are set 
to be B/BMSY = 1,10 (biomass at 10% higher than MSY level) and B/BMSY =0,60 (biomass at 60% of 
level required to produce MSY). These reference levels assure the precautionary approach of the 
fishery, taking into account recruitment failure and the ecological role of X.kroyeri until more 
research is done. In the Suriname seabob fishery CPUE (catch per unit of effort) is used as a primary 
management tool, it is measured on a daily basis and monthly reported to the authorities. The 
threshold for the CPUE is 1,48 t/day, which has so far not been surpassed. The CPUE level has 
steadily declined over the last 10 years, but the B/BMSY levels remains above the reference point. If 
CPUE falls below the threshold, the allowed catch will be adjusted to TAD = (Current Catch Rate – 
Limit Catch Rate) * 8625; 0,89 t/day is the ultimate brink to close the fishery, at this CPUE rate; the 
stock biomass would be 60% of the MSY (LVV 2012, MSC fishery Fact Sheet 2012, Southall et al. 
2011). The bycatch of the fishery consists mainly of demersal roundfish, flatfish, elasmobranchs, 
brackish water fish and invertebrates. An assessment on the average composition of the hauls was 
estimated on: 69% seabob, 19% retained valuable species and 12% discard (Southall et al. 2011). 
Vulnerable turtles like the leatherback turtle (Dermochelys coriacea) are regulary seen in Suriname 
waters as these species use the beaches of the Guianas as nesting sites. They use the coastal waters 
of Suriname to move between the breeding and feeding grounds (IUCN 2015, LVV 2012, Reichart & 
Fretey 1993, Southall et al. 2011, Turtle Expert Working Group 2007).  
The fishery invested severely in improving their sustainability. Their efforts in applying BRD’s 
(Bycatch Reduction Device), TED’s (Turtle Excluder Device), limited licenses, VMS (Vessel Monitoring 
by Satellite), stock assessment and the harvest control rule (HCR) granted them the first ecolabel for 
tropical shrimp fisheries by the Marine Stewardship Council (MSC) in 2011. Though the recognition of 
improved sustainability of the fishery does not imply that the fishery is optimal managed, further 
improvements of the management and research of the area are necessary to enhance the single-
species management to a multispecies ecosystem-based fishery management (ILVO 2015, Southall et 
al. 2011).  
 
The study of recruitment has been a consistent focus of research in fisheries science (Rice and 
Browman 2014). According to Allen and Hightower (2010) recruitment can be defined as the number 
of fish/shrimp that survive to a specific age or size in a given year. It is hereby important to indicate 
at which life stage and size we can consider the recruits; this appears at a particular age and/or size 
when very high level naturally mortality rates have diminished. For shrimps, maturity is estimated 
based on the length of the carapace (Almeida et al. 2012, Castro et al. 2005, Fernandes et al. 2011). 
An important aspect from recruitment is to detect the variability among population size and age 
structure (ratio of large shrimp, reproductive individuals,..). This variation in recruitment in and 
among years is a necessary consideration when evaluating different harvest policies. Among the 
different kinds of overfishing recruitment overfishing can be defined as a steep reduction in the 
spawning stock to a level failure in recruitment is drastically reducing population size. A further 
failure in recruitment will eventually cause the fishery to collapse (Allen & Hightower 2010, Gillet 
2008, Pauly et al. 1984). Xiphopeneaus kroyeri occurs abundantly around depths of 27 m (Almeida et 
al. 2012). The life cycle of this shrimp is a 12-stage cycle where eggs hatch and form a nauplius which 
develops after 6 moults and 50 hours in a zoea. The zoea undergoes 3 moults in 4-6 days before 
transformation to the mysis stage, which in its turn converts to a postlarve after 3 mysis moults and 
approximate 10-12 days (Colvin & Brand 1977, Gillet 2008). Spawning of penaeids occurs offshore 
and the early stages move inshore (Tavares 2002). Subsequently the postlarvae settle on the benthic  
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substrate and grow to a total length of 25 mm where they are considered to be juveniles (Cook 
1964). Juveniles move gradually towards deeper water as they grow. When juveniles reach sexual 
maturity they couple and the females lay eggs (Colvin & Brand 1977, Gillet 2008). In contrast to other 
penaeids the seabob is not relying on estuaries for its development (Castro et al. 2005).  
 
Data from stock assessment of the Suriname seabob stock is incomplete, according to Medley (2009) 
seabob populations are healthy and not overfished but ecological knowledge is lacking. However the 
assessment of the separation of the two seabob stocks in Guyana and Suriname was one of the 
conditions to acquire the MSC label. During the CRFM 2009 scientific meeting morphometric data, 
spawning and recruitment patterns were examined. Results have shown slight differences in 
observed mean size data and recruitment patterns but data limitations and inconsistencies in data 
could not guarantee the full insulation of the seabob stock in Suriname. Therefore the 2009 
assessment approved the precautionary approach of treating the stocks from Guyana and Suriname 
separately for assessment purposes and to protect local genetic differences until further scientific 
research is done (Southall et al. 2011). Three years later, in 2011 no further progress has been made 
on the issue of stock assessment (CRFM 2011). Xiphopenaeus kroyeri has shown to be a species with 
high rates of natural mortality with a rapid growth, and development which is resilient to heavy 
fishing (Lopes et al. 2014), nevertheless the processes that regulate juvenile growth and the 
variability in juvenile survival (natural mortality, influence of artisanal communities on survival and 
mangrove destruction for coastal development) need to be properly understood for effective 
management and decision-making (Baker et al. 2014).  
The aim of the current study was to reveal the periods of recruitment and the spatio-temporal 
distribution of the different life stages of X.kroyeri and their environmental preferences. Postlarvae 
have been found in the estuary of the Suriname river before (Kerkhove et al. 2014) but no research 
has been done to link the variability of the environmental parameters through time and space to the 
distribution of the different life stages. Therefore an estuary-ocean transect with 4 stations was 
sampled for one year through 8 campaigns. This ecological knowledge could contribute to the 
implementation of the ecosystem based fisheries management to the fishery and guide fishery 
officers in defining a closed fishing season during large recruitment events to ensure the long-term 
profit of the resource. Hereto, the following research objectives were identified: 
 

o Examine spatio-temporal patterns of the early life stages of X.kroyeri along an 

estuary-ocean gradient. 

o Relate environmental variables to the abundance of X.kroyeri 

o Draw conclusions from the results that relate to the management of the seabob 

fishery in Suriname 
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2. Methods And Materials 
 

2.1 Study area 

 

Suriname is a former Dutch colony situated at the northeastern coast of South-America bordering 

Brazil in the south and Guyana and French Guyana in the west and east respectively. Suriname is 

situated close to the equator (2° and 6° N, 54° and 58° W) and subjected to two dry and - rainy 

seasons (Government of Suriname 2001, Sakimin 2009). From December until the end of January 

there is a short rainy season, followed by a small dry season until the end of April, at the end of April 

the long rainy season starts until mid-August, a long dry season fulfills the annual cycle. The climate is 

characterized by a high annual relatively constant temperature (22-32°) with a lot of sun hours. The 

average rainfall is high and occurs under the form of heavy rain showers (FAO 2008, Government of 

Suriname 2014, World Weather and Climate Information 2015).  

 

Along the 380 km long coastline of Suriname four rivers disembogue in the Atlantic Ocean: the 

Maroni river (at the border with French Guyana), the Suriname river, the Coppename river and the 

Corantijn river (at the border with Guyana). The coastal zone consists mainly of pristine mangrove 

forests that form hibernating grounds for migratory shorebirds from North America and there are 

also nesting sites for turtles in the East (Galibi, Matapica)(FAO 2008, Sakhimin 2009, Winterwerp 

2009).The coastline of the Guianas (Guyana, Suriname and French Guiana) is bordered by the Guiana 

continental shelf and influenced by muddy waters originating from the largest river in the world: the 

Amazon. This river releases around 173,000 m3 freshwater per second and around 1 billion tons of 

sediment a year which consists mainly out of silt 

and clay (Kuehl et al. 1985, Wells and Coleman 

1981, Nittrouer et al. 1986, Anthony et al. 2010). 

This huge sediment supply is transported 

northwest by the Guiana Current that is formed 

as a consequence of the bifurification of the 

North Equatorial current off the South American 

coast and the subsequent retroflection of the 

South Equatorial Current in the north-westward 

direction (Fig. 3). About half of the sediment 

remains in the water column due to turbulence 

of waves and tidal currents. The other half 

precipitates under the form of migrating mud 

banks that are characterized by bank - and interbank phases (Nittrouer et al. 1986). According to 

Wells and Coleman (1981) the mud banks in Suriname become indistinct at 20-40 km from the 

coastline at depths of about 20 m. The annual outflow of the Amazon is defined by seasonality with 

peak discharge between January and April correlated with the annual peak in trade winds and wave 

activity affecting the Amapa-Guyana’s coast (Anthony et al. 2010, Anthony et al. 2013, Froiefond et 

al. 1988, Hu et al. 2011, Park and Latrubesse 2014). The coastal zone of Suriname can be divided in 

three zones based on a color difference of the surface water, a 'brown', 'green' and 'blue' zone can 

be observed (see NASA image executive summary). Samples were taken in the 'brown' and 'green' 

zone (appendix 2.1). 

 

 

Fig. 3: The Guiana Current (GC=guyana current; NBC=north 
brazil current; NECC=north equatorial counter current). 
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2.2 Sampling, sampling design and data 

origin 

 

To study the spatio-temporal patterns of the different 

life stages of X. kroyeri, four stations (TK3-10-17-24) 

were sampled along an inshore-offshore gradient in 

front of the Suriname river on 8 sampling occasions 

during one year (Feb 2014 till Feb 2015 approximately 

every 6 weeks, Fig. 4). Depth increased gradually when 

moving further offshore from resp. 6, 8, 18 to 27 m. 

Each station was sampled for abiotic parameters and 

for the life stages of X. kroyeri. Scientific samples were 

taken with the seabob trawlers Neptune 6 and Cobia. 

Each sampling campaign lasted for 5-6 days, of which one day was spent each time to do the 

research. The sampling process followed a consistent method where data and remarks were 

recorded on an onboard form (appendix 2.3).  

 

2.2.1 Abiotic parameters 

 

At each sampling event, five 

environmental parameters 

were measured per station. 

Water salinity (0,01 psu), 

temperature (0,001 °C) and 

depth (m) were measured 

(CTD; SAIV SD200) at all 

occasions, except for July due 

to a technical error. Water 

clarity was measured with a 

Secchi-disk. Sub-surface total 

suspended matter 

concentrations (SS-TMS, g/ml) 

were assessed from water 

collected at 5 m depth with a 

Niskin bottle. Onboard, a subsample was filtered on pre-washed, pre-weighted GF/F filters and 

stored at -20°C. Filters were subsequently dried in the lab (48h at 70°C) and re-weighted (0,0001 g) to 

calculate SS-TSM. A Van Veen Grab (0,1 m²) was used to collect sediment at every station. A 

sediment subsample was dried in the lab (48 h at 70 °C), and analyzed for grain size composition 

(Malvern Mastersizer 2000G hydro version 5.40, Malvern 1999). Median grain size, median grain size 

of the sand fraction (63-2000 µm; MEDSAND) and the percentage of mud (<63 µm; MUD) were used 

as granulometric parameters. 

 

 

 

 

 

Seabob (Xiphopenaus kroyeri) 

TK03 

TK10 

TK17 

TK24 

Fig. 4: Map of the coastal zone of Suriname with the 4 
sampled stations, Kerkhove et al. (2014) 

Fig. 5: From left to right top: hyberbenthic trawl, CTD deployment, Van Veen grab, 
from left to right bottom: Niskin bottle, Secchi disk, pregnant X.kroyeri females 
with olive green ovaries. 
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2.2.2 Life stages of X.kroyeri 

 

Adult and juvenile X.kroyeri were sampled by dragging a small otter trawl (2,6 m width; the ‘try-net’) 

with a mesh size of 45 mm for 30 minutes across the bottom at a speed of 2,5 knots. All shrimps 

were onboard sorted by sex and stage of maturity, counted and measured. Sexes were distinguished 

based on the presence of petasma in males and thelycum in females. In males, the development of 

the petasma was used to separate juveniles from adults while in females the color of the abdominal 

cavity (olive green in mature females) was used to determine maturity (Almeida et al. 2012, Oliveira 

1991). The carapace length was measured to the nearest 1 mm using a caliper. 

 

To collect the postlarval stages of X.kroyeri, a hyperbenthic trawl (mesh size 1 mm) was deployed for 

ca. 5 min at a speed of 2,5 knots. The device had a lower and upper net, sampling the water column 

between 20-50 cm and 50-100 cm above the seabed respectively (appendix 2.4). Hyperbenthic 

samples were washed out of the net in a bucket and sieved to a smaller sample. Samples were stored 

in 4% formaldehyde onboard, which was replaced in the lab by 70% ethanol after at least 48h 

fixation, hyperbenthic samples were examined under a stereomicroscope and all postlarvae and 

larger stages (juvenile and adult) of X.kroyeri were sorted out and counted. The first life stages 

(nauplius, zoea and mysis) were not identifiable and could therefore not be sorted from the samples. 

The identification of the postlarvae was based on morphological characteristics described by Cook 

(1964) and Oliveira & LHomme (1993), i.e. the presence of an anteriorly extension of the rostrum 

between the eyes and 5 pairs of functional pleopods (appendix 2.5 & 2.6). Further distinction 

between the postlarvae of the two most common species Xiphopenaeus kroyeri and Penaeus subtilis 

was made, based on size difference characteristics (Oliveira & LHomme 1993, Cook 1964) such as the 

length of the 6th abdominal segment, the pleopods and the length of 4th and 5th pair of pereopods. A 

distinction between juveniles and postlarvae was made based on Cook’s (1964) total standard length 

of 25 mm (measured from the tip of the rostrum until the tip of the telson). Postlarvae of X.kroyeri 

were counted and measured indirectly by drawing the dorsal contour of the body with a pencil and 

an integrated binocular mirror. Images were scanned and measured with ImageJ (a public domain 

Java-based program from the National Institutes of Health, version 1.6.0_20) till the nearest 0,01 cm. 

Lengths of the contours were rescaled by using a predefined and drawn line of known length (1 cm).   

 

2.3 Data analysis  

 

2.3.1 Abiotic parameters  

 

Data from the CTD device was extracted in the software Minisoft SD200W (Morten Hammersland 

Programvare, version 3.8.5.122). Three values of each upcast measurement were selected:  the 

surface (0,5 m depth), 5 m (depth of Niskin bottle deployment) and bottom water values of salinity 

and temperature. The 5m-values seemed to be highly correlated with the surface values and were 

therefore omitted for further data analysis (rs,Sal= 0,957; rs,Temp= 0,911, Spearman). The sediment 

consisted mainly out of mud (<63 µm), for this reason data of the median grain size of the sand 

fraction was omitted for further analysis. 
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2.3.2 Life stages of X.kroyeri 

  

Numbers of postlarvae, juveniles and adults were expressed as individuals per m² by dividing the 

count of individuals by the trawled area (m-², appendix 2.7). Postlarvae from the lower and upper net 

were summed.  The equation TL = (CL + 0,0931)/0,2174 (Lopes et al. 2014) with TL as the total length  

and CL as the length of the carapace was used to calculate the total length from the carapace length. 

Length-frequency tables were drafted for postlarvae, juveniles and adults with size classes of 1 mm 

and processed in FISAT II for cohort analysis to identify recruitment events. The Bhattacharya (1967) 

method was applied to split the composite length-frequency distributions into separate normal 

distributions (Sparre & Venema 1998). The normal components (mean, theoretical number per 

group, standard deviation) of frequency size distributions were identified for each date with an 

adequate number of individuals. The means and standard deviations of the normal distributions for 

all sampling dates were then linked to trace the modal length progression of the cohorts by applying 

the software NORMSEP also available in FISAT II (Pauly et al. 1984, Pauly et al. 1987, Van Hoey et al. 

2006). 

 

2.3.3 Statistics 

 

Visualization of the obtained data was done in Rstudio (R Development Core Team 2014, version 

0.98.1062), and the R package ggplot2 (Wickham 2015, version 1.0.1).  A Loess smoother was used to 

fluently connect the eight sampled environmental data points by station on a real-time x-axis (date 

of sampling). The method uses locally weighted lineair regression to smooth data and was used to 

better illustrate trends in the changing abiotic parameters (Cleveland 1979, Cleveland & Devlin 1988, 

appendix 2.8). Missing CTD data from July was estimated based on this Loess smoother.  Means and 

standard deviations were calculated for the abiotic parameters. Correlations between the abiotic 

parameters were calculated using the ‘Spearman rank’ correlation. Annual changes in the densities 

of the life stages were visualized by connecting the density data points by straight lines and by 

station on a real-time x-axis (date of sampling). To examine the spatio-temporal patterns of the 

abiotic parameters and the life stages of X.kroyeri, months and stations were combined to the 

factors ‘season’ and ‘shore’ respectively. The months February 2014 until August 2014 were 

considered to be the wet season, while the months August 2014 till February 2015 were considered 

to be the dry season (World Weather and Climate Information 2015). The stations TK03 and TK10, 

who occurred in the ‘brown’ zone, had similar depths and were defined as the inshore stations, while 

TK17 and TK24 occurred in the ‘green’ zone and were defined as the offshore stations. Means and 

standard deviations of the abiotic parameters and the life stages of X.kroyeri were calculated for 

each factor or the interaction between the factors (Dry-Wet, Inshore-Offshore). Relative densities of 

the life stages of X.kroyeri were calculated for each factor (Dry-Wet, Inshore-Offshore). Statistical 

tests were done in PRIMER with the PERMANOVA add-on (Clarke et al. 2006, Version 6.1.16). Two-

factor Permanova with factors ‘season’ and ‘shore’ was performed to test for differences in 

environmental parameters and the life stages of X.kroyeri. When a significant ‘season x shore’ 

interaction was found, pairwise tests within ‘season’ and within ‘shore’ were performed. Correlations 

between the density of postlarvae and the abiotic parameters were calculated using the ‘Spearman 

rank’ correlation and visualized by straight line graphs by the factor shore (average values of the 

stations). A CCA (canonical correspondence analysis, Almeida et al. 2012, Braak & Verdonshot 1995, 

McGarigal et al. 2000) was used to explain the relationships between the biological distribution of all 

the life stages of X.kroyeri and the abiotic parameters. The adonis function from the vegan package 

(Oksanen et al. 2015, Version 2.2-1) was used to find significant environmental variables.  A CCA plot 

was drawn with the environmental parameters with the lowest p-values explaining the distribution 

of the life stages the best (package ggvegan, Simpson 2013, version 0.0-1.). 
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2.4 Von Bertalanffy growth model (VBGM) & size at first maturity 

  

The parameters from a Von Bertalanffy growth model (VBGM) and size at first maturity were also 

estimated. Several studies along the Brazilian coast have focused on the estimation of these growth 

and reproductive parameters (Almeida et al. 2012, Branco et al. 1999, Branco 2005, Castro et al. 

2005, Coelho & Santos 1993, Fernandes et al. 2011, Nakagaki & Negreiros-Fransozo 1998). 

Determining growth parameters and size at first maturity can be useful in estimating the 

sustainability of the fishery and indicate if overexploitation of the resource occurs; even if recruits 

are protected (overfishing will lead to maturity at a smaller size). A Von Bertalanffy (1938) growth 

model is a common used tool in applying growth of relatively long-living species like fish but the 

equation has been used in the growth estimation of short-living penaieds as well (Lewis and 

Fontoura 2005, Oh et al. 1999). The formula of the growth function can be ascribed as: TL(t) = TL∞(1 

− exp−k(t−t0)), where TL(t) is the total length (mm) in time t, TL∞ is the asymptotic length (mm), k is 

the growth coefficient (growth/year), and t0 is the hypothesized age at zero length. The theoretical 

parameter t0 was drawn from the equation by using the length at age zero as the start of growth on 

2 mm (Oh et al. 1999). The asymptotic length and the growth coefficient were estimated in the 

program FISAT II (Version 1.2.2, Gayanilo et al. 2005) by applying the ELEFAN I (Electronic Length-

Frequency Analysis) method and estimating the best combination of parameters based on the 

highest Rn (Enin 1995, Pauly et al. 1981, Pauly et al. 1984). This was done for male and female 

X.kroyeri of the epibenthic net separately and together to examine sexual growth differences. Data 

from the hyperbenthic samples was not used as small juveniles were underrepresented and the 

program could not handle a bimodal length-frequency distribution. Longevity was estimated based 

on the time for reaching 95% of the maximum average length (Lewis and Fontoura 2005, Taylor 

1962). Size at first maturity for females could not be estimated as females were only considered to 

be mature onboard if the ovaries were green. To estimate size at first maturity (CL50), proportions of 

mature to juvenile mature males were considered for each size class (1 mm) by fitting the logistical 

model y = 1 / (1 + e[–r (CL – CL50)]), where y is the estimated proportion of adult shrimps, CL50 is the 

carapace size at the onset of sexual maturity, and r is the coefficient for the slope of the logistic curve 

(Almeida et al. 2012, Campos et al. 2009, Fernandes et al. 2011).  
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3. Results 

3.1 Abiotic parameters 

 

3.1.1 Salinity and temperature 

 

Salinity of the surface and bottom water varied respectively around 34,4 ± 1,9 psu and 35,2 ± 1,9 psu. 

Temperature of the surface and bottom water varied respectively around 27,4 ± 0,8 °C and 26,3 ± 1,5 

°C. The salinity of both surface and bottom water attained a maximum in November (resp. 36,2 and 

36,5 psu) and a minimum in February-March (resp. 28,7 and 29,7 psu) (Fig. 6-7). Two-factor 

Permanova detected a significant ‘season’ x ‘shore’ interaction for both surface and bottom water 

salinity (resp. Pseudo-F = 7,4039; p <0,01; Fig. 8 and Pseudo-F = 24,983; p <0,001; Fig. 9; appendix 

3.1). Pairwise tests showed that in both the wet and the dry season, surface and bottom water 

salinity were significantly lower inshore than offshore (resp. p <0,001 & p <0,05 and p <0,001 & p 

<0,01, appendix 3.1), with a lower average surface and bottom salinity inshore (Fig. 8-9). Further, 

both inshore (p <0,001) and offshore (p <0,001) surface water salinity was significantly lower in the 

wet compared to the dry season. Bottom water salinity was only significantly lower in the inshore  

 

Fig. 6-7: Surface and bottom salinity and temperature over one year (2014-2015) with the inshore stations (red and green) and the 
offshore stations (blue and yellow). A loess smoother was applied to the sampled data points who were scaled on a real-time x-axis.  

Fig. 8-9: Mean surface and bottom water salinity and temperature (± SD) by season (Dry-Wet) and shore (Inshore-Offshore) 
or the interaction. S =significant, NS = non-significant. 

 

S         S 

Wet         Dry                  Wet              Dry                    

S 

S         NS                                     NS      S    
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zone in the wet season (p < 0,001). Surface water temperature reached a maximum and a minimum 

respectively in October-November (28,7 and 28,3 °C) and March (25,7 and 23,2 °C). The bottom 

water temperature at the inshore stations (TK03 & TK10) reached a maximum in June-July (28,2°C) 

and August-September (27,5 °C) at the offshore stations (TK17 & TK24, Fig. 6-7). Surface water 

temperature was significantly influenced by the factor ‘season’, not by ‘shore’ or the interaction 

between them (Pseudo-F = 4,2796; p < 0,05; Fig. 8, appendix 3.1). Surface water temperature was 

lower in the wet than the dry season (Fig. 8-9).  Bottom water temperature was only significantly 

influenced by the factor ‘shore’ with a higher bottom temperature inshore than offshore (Pseudo-F = 

19,681; p <0,001; Fig. 9, appendix 3.1). The highest found correlation was negative and occurred 

between bottom water salinity and temperature (r = - 0,68; Spearman; p < 0,001).  

 

3.1.2 Secchi and suspended matter 

 

Secchi depth and amount of suspended matter varied respectively around 1,2 ± 1,1 m and 91,1 ± 

57,9 mg/l. The clarity of the water column of the offshore stations (TK 17 & TK24) reached its 

maximum around August-September (5,4 m) and its minimum around February – May (1 m, Fig. 10). 

For the inshore stations (TK03 & TK10), no huge variations in water clarity through the year were 

observed. Two maximum peaks in the amount 

of suspended matter around May-June (228,9 

mg/l) and February (187,6 mg/l) can be 

observed at the inshore stations, and as well 

two minima were observed around March 

(44,0 mg/l) and November (56,6 mg/l, Fig. 10). 

The average amount of suspended matter at 

the offshore stations remained low the whole 

year round. Secchi depth was significantly 

influenced by the factors ‘season’ and ‘shore’ 

but not by their interaction. In the wet season 

and in the inshore stations, Secchi depth was 

significantly lower compared to resp. the dry 

season (Pseudo-F = 5,531 ; p < 0,05; Fig. 11, 

appendix 3.2) and the offshore area (Pseudo-

F=29,348; p <0,001; Fig. 11; appendix 3.2). 

Suspended matter was only significantly 

influenced by the factor ‘shore’ with higher 

concentrations of SPM inshore than offshore 

(Pseudo-F=28,538; p <0,001; Fig. 12; appendix 3.2). The variables Secchi depth and suspended matter 

were inverse correlated (R=-0,724; Spearman, p < 0,001).  

 

 

 

 

 

 

Fig. 10: Secchi depth and the amount of suspended matter over 
one year (2014-2015) with inshore stations (red and green) and 
offshore stations (blue and yellow). A loess smoother was applied 
to the data points who were scaled on a real-time axis.  

Fig. 11-12: Mean 
suspended matter 
and Secchi depth 
by season (Dry-
Wet) and shore 
(Inshore-Offshore) 
(± SD). S = 
significant, NS = 
non-significant S     S                               NS             S 

Wet        Dry           

  Wet  Dry

                    S 
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3.1.3 Sediment analysis 

 

The values of the median grain size and the percentage mud content varied respectively around 9,6 ± 

0,9 μm and 98,34 ± 3,4 %. Fluctuations of the median grain size were mainly seen in station TK24 

where it reached a maximum in 

August-September (12,9 μm)  and 

minimum at the end of January (8,9 

μm, Fig. 13). The median grain size of 

station TK24 was higher compared to 

the other stations and fluctuated and 

dropped heavily around August-

September. Mud content in station 

TK03 dropped in July and increased 

again around September. The 

percentage mud in station TK24 

peaked in May-June (99,7%) and 

January-February (99,7%) and dropped 

in July-August (93,5 %, Fig. 13). The 

median grain size was not significantly 

influenced by the factors ‘season’ and 

‘shore’ or the interaction between 

them (Fig. 14). A significant difference 

of the mud content was only found for 

the factor “shore”. The percentage 

mud was significantly higher inshore 

than offshore (Pseudo-F=; 3,8128; p < 

0,05; Fig. 15; appendix 3.3)  

 

 

 

Fig.13: Median grain size and the percentage mud over one year 
(2014-2015) with the inshore stations (red and green) and the 
offshore stations (blue and yellow). A loess smoother was applied 
to the data points who were scaled on a real-time axis. 

Table 9: p-values  posthoc 
station, *<0.05,**<0.01,***<0.001 

Fig. 14-15: Mean median grain size  and mud content by season (Dry-Wet) and shore (Inshore-Offshore) (± SD).  S 
=significant, NS = non-significant. 
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3.2 Life stages of X.kroyeri 

3.2.1 Densities of postlarvae, juveniles and adults  

 

A total number of 4822 postlarvae and 156 juveniles were found in the hyperbenthic samples and 

1659 individuals (962 juveniles and 697 adults) were sampled by the epibenthic net. Figure 16 

represents the densities of postlarvae, juveniles from the hyper - and epibenthic net and adults 

through time and space.  Postlarvae 

showed a peak density in July in both 

inshore stations (TK03 & TK10) followed by 

a smaller peak in TK10 in October (Fig. 16). 

Juveniles sampled with the hyperbenthic 

net peaked in March-April at station TK17 

and in August-September at station TK03. 

Juveniles from the epibenthic net showed 

an inshore-offshore migration with juvenile 

density peaks at stations TK03-TK10 in 

August - September and stations TK10, 

TK17, TK24 towards the end of the year.  A 

similar pattern was observed for the 

densities of adults with highest densities 

towards the end of the year at the offshore 

stations (TK17 & TK24). Fig. 17 illustrates 

the relative densities of postlarvae, 

juveniles from the hyper - en epibenthic net 

and adults by season and shore.  The large 

densities of postlarvae relative to juveniles 

and adults are dominating both graphs. The 

wet season was completely dominated by 

postlarvae, whereas the dry season was 

characterized by a relative higher 

percentage of juveniles and adults. When 

looking at the spatial pattern, inshore 

stations were entirely dominated by 

postlarvae, while in the offshore stations 

relative higher percentages of juveniles and 

adults occurred (Fig. 17). The density of 

postlarvae and the juveniles from the 

hyperbenthic net was not significantly 

influenced by the factors ‘season’ and 

‘shore’ or the interaction between them 

(Fig. 18-19, appendix 3.4). Density of the 

epibenthic juveniles and the adults were 

significantly influenced by the factor 

‘season’, not by ‘shore’ or the interaction between them (resp. Pseudo-F = 6,0528 & Pseudo-

F=4,4695) with lower densities during the wet season (both p <0,05; Fig. 20-21 ; appendix 3.4)   

 

Fig. 16: Densities of postlarvae juveniles from the epi- and 
hyperbentic net and adults expressed as Ind. m

-
² over one year 

(2014-2015) with the inshore stations (red and green) and the 
offshore stations (blue and yellow).  Data points were scaled to 
a real-time axis. 
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Fig. 17: Relative densities of postlarvae, juveniles and adults by season (Wet-Dry) and Shore (Inshore-Offshore). 

Fig. 18-21: Mean density of postlarvae, juveniles, adult by season (Dry-Wet) and shore (Inshore-Offshore) (± 
SD).  S =significant, NS = non-significant 
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3.2.2 Cohort analysis 

 

 

 

Figures 22-23 represent the length-frequency data of postlarvae, juveniles and adults by month. 

From figure 22 one large recruitment event can be seen in July with a smaller one in October. Though 

postlarvae were observed in every month during analysis of the hyperbenthic samples. The lowest 

number of postlarvae were found in the month November (nallstations = 4). On figures 22-23 several 

cohorts can be followed through time but it becomes harder to separate cohorts as they grow in 

time due to lack of data. Fig. 24 

gives the mean (black) and 

standard deviation (red) of the 

cohorts identified by NORMSEP. 

For the months of November and 

May no cohorts could be 

identified. Four cohorts were 

identified during the main 

recruitment event. In October and 

February two cohorts were 

identified. In February-March one 

cohort was identified surpassing 

the 25 mm border which probably 

was recruited in January. No 

cohorts could be identified beyond 

40 mm due to lack of data.  

Fig. 24: Result of cohort analysis by NORMSEP, mean (black), standard 
deviation (red) through time on a real-time x-axis. Cohorts are connected 
with a dotted line.  

Total lenght (mm) of postlarvae, juveniles and adults by month 

Fig. 22-23: Length-frequency data for the postlarvae (left), juveniles (hyper and epi) and adults (right). 
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3.3 The life stages of X.kroyeri and the environment 

 

3.3.1 Postlarvae and the abiotic parameters 

 

Figure 25 represents the density of 

postlarvae and the abiotic 

parameters (excluding the 2 

parameters from the sediment as 

postlarvae were caught in the 

hyperbenthic zone). As mentioned 

before the main peak of recruitment 

occurred at the end of the wet 

season in July at the inshore stations. 

Surface and bottom water salinity 

were high during the main 

recruitment in contrast with the low 

values during the wet season. During 

this event salinity was lower in the 

inshore zone then the offshore zone. 

Surface and bottom water 

temperature were high at the in - 

and offshore stations during the 

main recruitment event. Bottom 

water temperature peaked around 

the main recruitment event and was 

higher at the inshore stations. Secchi 

depth was low and suspended 

matter was high at the inshore 

stations during the main recruitment 

event (Fig. 25). The highest 

correlation found was negative and 

occurred between the densities of 

postlarvae and the abiotic parameter 

surface water salinity (R = -0,59; 

Spearman, p < 0,05). 

 

 

 

 

Wet        Dry           

  Wet  Dry

                    S 

Fig. 25: Postlarvae density, surface salinity, 
surface temperature, bottom salinity, bottom 
temperature, Secchi depth, suspended  matter 
over one year (2014-2015). The sampled data 
points were scaled on a real-time x-axis. 
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3.3.2 CCA 

 

Only one significant variable was found (table 1), though surface water salinity and Secchi were used 

to draw the CCA (Fig. 26). The CCA showed two groups of life stages: postlarvae (PL) & small juveniles 

from the hyperbenthic net (JH) and large juveniles (JE) & adults from the epibenthic net (A) indicating 

a similar distribution pattern. The 

densities of adults and juveniles from the 

epibenthic net were positively correlated 

with surface water salinity and Secchi 

depth. The densities of juveniles from the 

hyperbenthos net and postlarvae were 

negatively correlated with surface water 

salinity and secchi depth.  

 

3.4 Von Bertalanffy growth model (VBGM) & size at first maturity  

 

 A Von Bertalanffy Growth Curve was applied to the total length (mm) length-frequency data of 

males and females from the epibenthic net (Fig. 27). Parameters of the Von Bertalanffy growth 

model were estimated on L∞ = 131,25 (mm), K = 0,70 (year); t0 = -0,0095268 (Rn = 0,216) for males 

and for females L∞ = 147(mm); K = 0,55 (year); t0 = -0,01082 (Rn = 0,204) with an estimated 

longevity of 79 and 122 

weeks for males and females 

respectively at 95% of the 

asymptotic length. The 

combined length frequency 

data of males and females 

from the epibenthic net gave 

the following growth 

parameters: L∞ = 144 (mm), 

K = 0,58 (year)  ; t0 = - 

0,01053 (Rn = 0,230). Male 

carapace size at first maturity 

(CL50) was estimated to be 

14,4 mm (Fig. 27).    
 

Environmental Variable R² p-value 

Surface_Salinity 0,27274 0,0001*** 

Surface_Temperature 0,03575 0,2619 

Bottom_Salinity 0,00763 0,8008 

Bottom_Temperature 0,01467 0,6023 

Secchi depth 0,06079 0,1015 

Suspended_Matter 0,01850 0,5118 

Depth 0,00971 0,7360 

Median Grain Size 0,01481 0,5966 

% Mud 0,00554 0,8678 

Table 1. Significant environmental variables calculated by 
the Adonis function (9999 permutations) 

Axis 1: 70% 
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Fig. 26: Canonical correspondence analysis of the 
environmental variables (S_Sal: surface salinity, Secchi: Secchi 
depth, and the density of the demographic categories 
(postlarvae (PL), juveniles hyper (JH), juveniles epi (JE), adults 
(A)). Data from August_TK24 was excluded as the densities of 
the 4 demographic categories were zero. 

Main recruitment  

event 

Fig. 27: VGBM for male and female X.kroyeri & 
estimated carapace length at first maturity for male 
X.kroyeri. 

CL50 = 14,4 mm 

Small recruitment  

event 
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4. Discussion 
 

In the present study population dynamics of Xiphopenaeus kroyeri in Suriname have been 

investigated for the first time along an inshore-offshore transect over one year by assessing the 

density of the different life stages of the X.kroyeri. Results have shown that recruitment occurred 

continuously in the in - and offshore zone. A main and a smaller recruitment event (increased 

postlarvae density) occurred in July and October in the inshore zone. The bottom temperature 

peaked during the main recruitment event in the in- and offshore stations. The inshore stations were 

characterized by a lower salinity, a higher temperature, lower clarity and a higher amount of 

suspended matter then the offshore stations. Postlarvae and small juveniles were more present in 

the shallow inshore zone, large juveniles and adults in the deep offshore zone.  
 

Spatio-temporal patterns of the life stages of X.kroyeri and the environment 
 

Recruitment occurred continuously as postlarvae were found in every sampling campaign. However 

density of the postlarvae increased abruptly in the months July and October. Results from cohort 

analysis found the largest number of cohorts during the main recruitment event. This analysis could 

estimate time of recruitment/spawning of the newly recruited cohorts more precisely as the first 

larval stages of X.kroyeri become postlarvae after approximately 16 days (Almeida et al. 2012, Colvin 

& Brand 1977, Gillet 2008). Based on this knowledge, reproductive females spawned around the end 

of June and the 20th of September for the main and small recruitment event respectively. In a study 

in French Guiana by Oliveira (1991) a similar recruitment pattern occurs with peak recruitment in 

July-August and November (Oliveira 1991). Bottom water temperature peaked during the main 

recruitment event in the in - and offshore stations. According to Almeida et al. (2012), Heckler et al. 

(2014) temperature is an essential factor for reproductive females along the Brazilian coast and has 

an influence on larval development and survival. No significant difference in postlarvae density was 

found along the inshore-offshore gradient but postlarvae were in general more found in the inshore 

stations. Fluctuations in postlarvae densities were mainly caused by the seasonal recruitment (main 

and small recruitment event). The main recruitment event occurred at the end of the wet season in 

the inshore stations. This season was marked by a low surface and bottom water salinity due to large 

fresh water inflows originating from the discharge of the Suriname River and the Amazon which has 

its peak efflux between January and April (Anthony et al. 2010, Anthony et al. 2013, Froiefond et al. 

1988, Hu et al. 2011, Park and Latrubesse 2014). The inshore stations were marked by a lower 

salinity then the offshore stations. Salinity of the surface water showed a higher variability then the 

salinity of the bottom water. The bottom water salinity of the offshore stations did not differ 

between the seasons offering a more stable environment. Oliveira (1991) found very low densities of 

postlarvae at salinity levels of 5 psu in the estuary of Cayenne, French Guiana (Oliveira 1991). 

Although X.kroyeri does not need the estuary to fulfill their life cycle (Almeida et al. 2012, Branco 

2005, Branco et al. 2013, Castro 2005, Heckler et al. 2014,  Simoes et al. 2010, Santos et al. 2013). 

The inshore zone was further characterized by a significant lower clarity and higher amount of 

suspended matter then the offshore zone. During the main recruitment event suspended matter was 

high in the inshore stations. The increased freshwater outflow from the Suriname River and the 

Amazon during the wet season probably brings a lot of food with the currents and may influence the 

recruitment events. A trophic ecology study of X.kroyeri in Suriname by Kerkhove et al. (2014) 

illustrates the omnivorous diet of postlarvae. Kerkhove (2014) suggests that postlarvae mainly feed 

on organic detritus and small prey like copepods. Lucifer faxoni also belongs to the diet (Kerkhove et 

al. 2014) and this species was found in densely aggregations both in the in – and offshore zone of the 

present study. Postlarval lengths of 20-25 mm were underrepresented in the present study and may 

be the cause of a more rapid recent settlement of postlarvae from the pelagic environment to the  
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benthic substrate (Oliveira 1991). Also length measurement of individuals of 2-3 mm total length 

were morphologically observed to be postlarvae by a stereomicroscope, in contrast with the 

recruitment study by Oliveira (1991) who considered the range of postlarval length to be between 6 

and 25 mm. No significant spatial or seasonal difference was found for the densities of the small 

juveniles caught by the hyperbenthic net (appendix 3.5). However most juveniles from the 

hyperbenthic net were found in the inshore zone in August right after the main recruitment event. 

The inshore zone in August was marked by an increased surface and bottom water salinity and 

surface water temperature. Bottom water temperature and the amount of suspended matter in the 

inshore zone were still high and may have enhanced the development of the juveniles. A high 

temperature and large amounts of detritus are needed for their high energy demand for growth 

(Almeida et al. 2012, Branco et al. 2013, Heckler et al. 2014). The inshore zone was characterized by 

a low clarity the whole year around and could offer protection against predators as small juveniles 

are characterized by a bad burrowing capacity (Almeida et al. 2012, Heckler et al. 2014). A significant 

seasonal pattern was found for the juveniles and adults from the epibenthic net, representing more 

individuals were present at the end of the dry season as a consequence of the main and small 

recruitment events. Length-frequency analysis by month showed the growth of the postlarvae at the 

main recruitment event in July with small juveniles in August and large sized juveniles and adults at 

the end of the dry season (November-January). Juveniles and adults from the epibenthic net were 

more frequently found in the deep offshore stations where conditions are more stable for spawning 

(Grabowski et al. 2014). Salinity of the bottom water at the offshore stations did not differ 

significantly during both seasons. Several authors suggest that a low salinity prevents maturing 

juveniles and adults to enter the inshore zone, especially in the wet season when salinity is low 

(Heckler et al. 2014a, Lopes et al. 2014, Oliveira 1991). Surface temperature increased to a maximum 

towards the mid of the dry season and may have triggered the second recruitment event. Bottom 

water temperature was lower offshore but peaked during the main recruitment event. According to 

Heckler et al. (2014) and Almeida et al. (2012) temperature stimulates reproductive females to the 

growth and development of the ovaries. Bottom temperature serves also as a biological barrier and 

X.kroyeri perish beneath 21,8 °C (Bissaro et al. 2013). The offshore zone was also characterized by a 

significant lower amount of suspended matter and an increased clarity offering more stable 

conditions. Sediment analysis has shown that the four stations in general were characterized by a 

high mud content; originating from the high silt and clay discharge coming from the Surinam River 

and the Amazon River (Anthony et al. 2013, Hu et al. 2004, Kuehl et al. 1985, Nittrouer et al. 1986, 

Park and Latrubesse 2014). The furthest station TK24 was marked by a lower mud content and a 

larger median grain size. Freire et al. (2011) suggests that X.kroyeri prefers fine sand/very fine sand 

as a benthic substrate. This substrate requires less energy for excavation and X.kroyeri is able to flee 

from predators more rapidly (Dall et al. 1990, Freire et al. 2011). Though mud content in the coastal 

area of Suriname is high and X.kroyeri is found in dense aggregations (Pérez et al. 2014).  According 

to Pérez et al. (2014) higher fishing activity occurs in the east of Suriname, where fishing areas are 

deeper and X.kroyeri catches are known to be bigger. Most pregnant females are also found in the 

east (Pérez et al. 2014). It is possible that X.kroyeri migrate eastwards to deeper grounds where the 

proportion sand/mud is higher.  

Size at first maturity  

 

The maturity of females was defined by the color of the abdominal cavity onboard. Size at first 

maturity could not be determined as no clear distinction was made between the juvenile-adult stage.  

Almeida et al. (2012) estimated the maturity of females based on a study by Fransozo et al. (2011)  
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that focused on the presence of a space between the aperture and the thelycum of females to 

determine maturity. According to Campos et al. (2009) macroscopic observation of the ovaries of 

females may lead to misclassification and under- or over 

estimation of the size at first maturity (CL50) (Almeida et al. 

2012, Branco et al. 1999, Branco 2005, Castro et al. 2005, 

Coelho & Santos 1993, Fernandes et al. 2011, Nakagaki & 

Negreiros-Fransozo 1998). Campos et al. (2009) emphasized 

the observation error by a microscopic visualization of the 

development of the ovaries which undergo four maturation 

stages. The author suggests that juvenile females become 

adults around a mean carapace length of 24 mm and supports 

this theory by the slower ontogenetic growth of females and a 

delay in ovary maturation. This delay in growth has been illustrated by the Von Bertalanffy growth 

model; a lower growth coefficient for females was observed in the present study and has been the 

case in studies along the Brazilian coast (Table 2). Females have shown to grow to a larger size (table 

2), and could offer a larger space for ovary development and oocyte production (Bissaro et al. 2013). 

Determining the CL50 of female X.kroyeri remains a problematic issue, but the parameter can be 

useful in estimating the sustainability of the fishery and indicate if overexploitation of the resource 

occurs even if recruits are protected. However the parameter is also subjected to the variability of 

environmental parameters, seasonality and latitude (Almeida et al. 2012, Lopes et al. 2014). Failure 

in the true assessment of this parameter can result in assuming wrong premises and implementing 

inadequate management decisions.   
 

 

Implications for resource management  
 

The observed recruitment pattern (continuous recruitment with a main and smaller recruitment 

event in July and October respectively) and the inshore-offshore migration have been illustrated in 

several Brazilian studies. Along the Brazilian coast the main and smaller recruitment event occurs 

around April and November resp. (Almeida et al. 2012, Branco et al. 2005, Branco et al. 2013, Castro 

2005, Heckler et al. 2014, Simoes et al. 2010, Santos et al. 2013). A non-fishing season (March 

through May) is implemented in the overexploited stocks of south and south-eastern coast of Brazil 

to protect juveniles and reproductive females during the main recruitment event (Almeida et al. 

2012, Branco et al. 2013, Castro 2005, FAO 2002, Heckler et al. 2014, Grabowski et al. 2014). 

According to Simoes et al. (2010) and Heckler et al. (2014) larger densities of X.kroyeri occur after the 

closing season. A similar management decision could be implemented in the seabob fishery of 

Suriname, a closing season from June through August to protect the reproductive females. Juvenile 

are already protected as no trawling is allowed in the shallow inshore zone (Southall et al. 2011). 

Though in a study by Perez et al. (2014) CPUE levels of the seabob fishery in Suriname from the last 

years seem to stay within the safe biological limits and no overfishing is currently occurring. Future 

research should focus on the existence of metapopulations along the coasts of the Guiana’s as 

recruitment patterns have shown to be similar between Suriname and French Guiana (Oliveira 1991). 

It is plausible that several seabob populations along the coasts of the Guiana's are connected with 

each other as larves last for 16 days and a strong north-west current (Guinea current) exists. This 

phylogeographic research is especially important for further stock assessment that needs to consider 

the connectivity between the seabob stocks of Guyana and Suriname. If connectivity is significant, 

overfishing of the Suriname seabob stock could further diminish the overfished Guyana stock (FAO 

FISHSTAT2015).   

L∞ K Study 
131,3 mm ♂ 

147,0 mm ♀ 

0,70 /year ♂ 

0,55 /year ♀ 
Present study 

134,4 mm ♂ 

148,8 mm ♀ 

1,93 /year ♂ 

1,65 /year ♀ 
Fernandes et al .2011 

128,0 mm ♂ 

145,0 mm ♀ 

3,14 /year ♂ 

2,50 /year ♀ 
Lopes et al. 2014 

133,0 mm ♂ 

154,0 mm ♀ 

0,30 /year ♂ 

0,26 /year ♀ 
Branco et al. 2005 

135,0 mm ♂ 

150,0 mm ♀ 

0,61 /year ♂ 

0,53 /year ♀ 
Branco et al. 1994 

128,0 mm ♂ 

145,0 mm ♀ 

3,14 /year ♂ 

2.65 /year ♀ 
Grabowski et al. 2014 

Table 2: Growth parameters of male and female 
X.kroyeri. 
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5. Conclusion 
 

In the present study population dynamics of the X.kroyeri shrimp in Suriname has been investigated 

for the first time along an inshore-offshore transect over one year by assessing the density of the 

different life stages of the X.kroyeri. Results have shown that recruitment occurred continuously in 

the in- and offshore zone. A main and a smaller recruitment event (increased postlarvae density) 

occurred in July and October in the inshore zone. The bottom temperature peaked during the main 

recruitment event in the in- and offshore zone. The inshore stations were characterized by a lower 

salinity, a higher temperature, lower clarity and a higher amount of suspended matter then the 

offshore stations. Postlarvae and small juveniles were more present in the shallow inshore zone, 

large juveniles and adults in the deep offshore zone. The sustainability of the fishery could be 

enhanced by a closed fishing season from June through August to protect the reproductive females 

during the main recruitment event.  

6. Appendix 
 

1.Introduction 

1.1. Table 3 groups (Gillet 2008) 

 

 

 

 

 

Species 
Group/Character 

Penaeids  Carideans Sergastids 

Habitat zone 

 

Mainly tropical and 
temperate 

 

Mainly temperate and 
arctic 

Mainly tropical and temperate 

Sex Separate 
Protandrous 
hermaphrodites 

Separate 

Reproduction 
Eggs released directly 
into water 

 

Female hold fertilized 
eggs to her abdominal 
appendages until 
hatching 

Eggs released directly into 
water 

Clutch Size 500 000 -1 000 000 100-4000 7700-8700 

Life cycle Short(<3 years) Long(3-8 years) Very Short(one year or less) 

Body size Small to large Very small to large Small to microscopic  
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2. Methods 

2.1. Salinity-Temperature diagrams (Strømme et al. 1989) 

Up to 3 different water masses can be found along the continental shelf of Suriname: deep Antarctic 

Intermediate water (AIW), high saline North Atlantic Central Water (NACW) around a depth of 100m 

and an upper water mass with high spatio-temporal variability that is characterized by a lower 

salinity due to influence of fresh water from the Amazon, local rivers and/or precipitation. Primary 

production is influenced by nutrient rich North Central Atlantic water welling up from 100m depth to 

levels of 50m. Temperature of the shelf water ranges between 25°C and 29°C, high values are found 

in the dry seasons. This is also the period when the Guinea current diminishes which leads to a 

weaker upwelling of the subsurface water and a lower primary productivity 

 

2.2. Coordinates (Kerkhove et al. 2014) and sampling dates 

 

Station Coordinates 

TK03 6°01’36” N, 55°12’40”W 

TK10 6°09’40” N, 55°12’40”W; 

TK17 6°14’00” N, 55°12’40”W 

TK24 6°18’08” N, 55°12’40”W 

Sampling Campaign nr. Date 

1 23/02/2014 

2 30/03/2014 

3 21/05/2014 

4 12/07/2014 

5 22/08/2014 

6 05/10/2014 

7 16/11/2014 

8 22/01/2015 
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2.3 Onboard form 
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2.4 Hyperbenthosnet (Mees 1994) 

 

 

 

 

2.5 Adults characteristics (Oliveira 1991) 
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2.6 postlarvae characteristics (Oliveira  & L’Homme 1993) 
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2.7 Calculation of the trawled area of the hyper- and epibenthic net  

The trawled area of the epibenthos net was calculated by the formula: (3,85m x 2/3) (opening of the 

net) X (2,5 x 0,514 m/s) (speed; average of 2,5 knots) X (30 x 60 s) (time) = 5936,7 m ². In the same 

way, the dragged area of the hyperbenthosnet was estimated at 375 m² (1m net opening, 5 min 

trawling; 2,5 knots). 

2.8 Loess Smoother (IOWA State University  2015) 
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3. Results 

3.1 Salinity & Temperature significant p-values ( - = p >0.05* =  p<0.05,** = p<0.01,*** =p<0.001) 

Variable Parameter Mean St dev Test P-value Pattern 

Surface Salinity (psu) Season Dry 35,5 0,6    

  Wet 33,3 2,0    

 Shore Inshore 33,6 2,2    

  Offshore 35,1 0,9    

  Shore X Season  PERMANOVA ** temporal-spatial 

  Shore  “ *** temporal- spatial 
  Season  “ *** temporal-spatial 
  Inshore:Wet – Inshore:Dry “ *** temporal- spatial 

  Offshore:Wet– Offshore:Dry “ *** temporal- spatial 

  Wet:Inshore – Wet:Offshore “ *** temporal- spatial 

  Dry-Inshore – Dry-Offshore                             “ * temporal- spatial 

Bottom Salinity (psu) Season Dry 35,5 0,6    
  Wet 33,3 2,0    

 Shore Inshore 34,0 1,9    

  Offshore 36,4 0,1    

  Shore X Season  PERMANOVA *** temporal-spatial 

  Shore  “ *** temporal- spatial 
  Season  “ *** temporal-spatial 
  Inshore:Wet – Inshore:Dry “ *** temporal- spatial 

  Offshore:Wet– Offshore:Dry “ -  

  Wet:Inshore – Wet:Offshore “ *** temporal- spatial 

  Dry-Inshore – Dry-Offshore                             “ ** temporal- spatial 

Surface Temperature (°) Season Dry 27,8 0,7    
  Wet 27,0 0,7    
 Shore Inshore 27,5 0,8    
  Offshore 27,3 0,8    

  Shore X Season  PERMANOVA -  

  Shore  “ -  
  Season  “ * temporal 

Bottom Temperature (°) Season Dry 26,4 1,5    
  Wet 26,2 1,5    
 Shore Inshore 27,3 1,0    
  Offshore 25,4 1,3    

  Shore X Season  PERMANOVA -  

  Shore  “ *** spatial 
  Season  “ -  
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3.2 Secchi & Suspended Matter significant p-values ( - p>0,05,* =  p<0.05,** = p<0.01,*** =p<0.001) 

Variable Parameter Mean St dev Test P-value Pattern 

Secchi depth (m) Season Dry 1,6 1,3    

  Wet 0,9 0,7    

 Shore Inshore 0,5 0,3    

  Offshore 2,0 1,1    

  Shore X Season  PERMANOVA -  

  Shore  “ *** spatial 
  Season  “ * temporal 

Suspended matter (mg/l) Season Dry 82,9 46,0    

  Wet 99,3 80,0    

 Shore Inshore 134,8 64,2    

  Offshore 47,4 21,7    

  Shore X Season  PERMANOVA -  

  Shore  “ *** spatial 
  Season  “ -  

 

3.3 Median Grain Size, Median Grain size of the sand fraction, percentage mud significant p-values 

(* =  p<0.05,** = p<0.01,*** =p<0.001) 

Variable Parameter Mean St dev Test P-value Pattern 

Median Grain Size (µm) Season Dry 9.5 1.0    

  Wet 9.7 0.8    

 Shore Inshore 9.3 0.6    

  Offshore 9.9 1.1    

  Shore X Season  PERMANOVA -  

  Shore  “ -  
  Season  “ -  

        

Median Grain Size  of the 
Sand Fraction (µm) 

Season Dry 99.0 58.3    

 Wet 105.3 55.0    

 Shore Inshore 80.6 32.4    

  Offshore             123.7 66.4    
       

Percentage Mud (%) Season Dry 98.7 3.5    

 Wet 98.0 3.0    

 Shore Inshore 99.4 0.8    

  Offshore             97.3 4.3    

  Shore X Season  PERMANOVA -  

  Shore  “ * spatial 
  Season  “ -  
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3.4 Density of Postlarvae, Juvenile (epi and hyper) and adult p-values((* =  p<0.05,** = p<0.01,*** 

=p<0.001) 

Variable Parameter Mean St dev Test P-value Pattern 

Postlarvae Density 
(count/m²) 

Season Dry 0.1243515 0.4555835    

  Wet 0.6395335 1.60714    

 Shore Inshore 0.7423192 1.62906704    

  Offshore 0.0215658 0.03303751    

  Shore X Season  PERMANOVA -  

  Shore  “ -  
  Season  “ -  

Hyper Juvenile Density 
(count/m²) 

Season Dry 0.01459144 0.0496618    

 Wet 0.01019664 0.02137453    

 Shore Inshore 0.016820688 0.04940622    

  Offshore 0.007967389 0.02122942    

  Shore X Season  PERMANOVA -  

  Shore  “ -  
  Season  “ -  

Epi Juvenile Density 
(count/m²) 

Season Dry 0.00799055 0.0090945    

 Wet 0.002179241 0.002497265    

 Shore Inshore 0.003463624 0.004903601    

  Offshore 0.006706167 0.008792316    

  Shore X Season  PERMANOVA -  

  Shore  “ -  
  Season  “ * Temporal 

Adult Density 
(count/m²) 

Season Dry 0.005737615 0.007662856    

 Wet 0.001684437 0.00151911    

 Shore Inshore 0.002147658 0.002290257    

  Offshore 0.005274395 0.007702557    

  Shore X Season  PERMANOVA -  

  Shore  “ -  
  Season  “ * Temporal 
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3.5 Carapace lengths of juvenile (hyper and epi) and adult seabob 

Method: 

Carapace lengths of juveniles (hyper - and epi) and adults were tested for size differences by 

conducting a Kruskal test and a posthoc pairwise Wilcox test with Bonferroni correction.  A Chi 

square and Wilcox test were used to test for differences in the monthly sex-ratio and carapace length 

between males and females of the epibenthic net.   

Results: 

156 and 962 juveniles from resp. the hyper – 

and epibenthic net, and 697 adults had 

average carapace lengths of 9,4 ± 3,2 mm; 

16,9 ±4,1 mm and 19,8 ± 3,2 mm respectively. 

A significant size difference was found 

between all 3 groups (Kruskal-Wallis test, p< 

0,001, Fig. 24). Based on the individuals from 

the epibenthic net, the study was in general 

female-biased, 900 females (54,6%) and 749 

males (45,4%) were found. A Chi-square test 

indicated that the sex-ratio differed from 1:1 

during the 8 month sampling campaign (X² = 

9,9576, p > 0,05). The average carapace 

length of the females was 19,0 ± 4,2 mm and 

significantly higher (Wilcox, p <0,001) then 

the average male carapace length 17,1 ± 3,4 

mm (Fig 30). Figure 24 represents the 

frequency distribution of the carapace length 

by sex and stage (I= Immature, M = Mature). 

An abrupt distinction in female juvenile-adult at a carapace length of 24 mm was observed at Fig. 25, 

as female juveniles exceeding 24 mm were considered to be mature.  Male juveniles began to 

mature at a carapace length of 12 mm and all juveniles were mature at a carapace length of 24 mm. 

Juvenile females began to mature at a carapace length of 15 mm (Fig. 26).  

  

 

 

 

 

 

Pairwise Wilcox test Bonf. corr 

 

Juvenile Hyper – Adult  

Juvenile Epi – Adult            p<2.2e-16 

Juvenile Hyper - Epi 

Fig. 23: Average carapace length for juveniles from the epi-
and hyper – benthicnet and adults with mean (black) and 
standard deviation (red) and posthoc p-values. 

Fig. 24: Frequency distribution of the carapace length 
of found juveniles and adults of the epibentic net by 
sex. dashed line = average, dotted line : standard 
deviation 

Fig. 25: Frequency distribution of the carapace 
length of caught juveniles and adults (males top, 
females bottom) of the epibenthic net by sex and 
stage (I = Immature, M = Mature). Longdashed line = 
average, dotted line: standard deviation 
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7. R-code 
 

6.1 Proportion juvenile-mature males 

M <- subset(Seabob_CL,Sex =="M") 

require(plyr) 

results.by.CL <- ddply(.data = M,.var = c("CL.mm."), .fun = function(x) { 

  data.frame(n = nrow(x), 

             An = nrow(subset(x, Stage %in% 

                                c("M"))), 

             Proportion_Adult = nrow(subset(x, Stage %in% 

                                              c("M"))) / nrow(x))}) 

 

 

6.2 CCA Graph 

library(vegan) 

library(ggvegan) 

Seabob<-Seabob[c("A","JE","PL","JH")] 

Env<-Env[c("S_Sal","Secchi")] 

Seabob <-scale(Seabob) 

Seabob <-(Seabob)^2 

Env <-scale(Env) 

Env <-(Env)^2 

ord<-cca(Seabob, Env) 

obj<-fortify(ord) 

Label.1 <- c("A","JE","PL","JH","Fe03","Feb10","Feb17","Feb24","Mar03","Mar10","Mar17" 

           ,"Mar24","May03","May10","May17","May24","Aug03","Aug10","Aug17","Aug24","Oct03", 

           "Oct10","Oct17","Oct24","Nov03","Nov10","Nov17","Nov24","Jan03","Jan10","Jan17", 

           "Jan24","con1","con2","con3","con4","con5","con6"     

           ,"con7","con8","con9","con10","con11","con12","con13","con14",    

            "con15","con16","con17","con18","con19","con20","con21","con22"    

            ,"con23" ,"con24","con25","con26","con27","con28" ,"S_Sal" 

           ,"Secchi" ) 

obj <- data.frame(obj,Label.1) 

layers<- levels(obj$Score) 
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dimlabels <- attr(obj, "dimlabels") 

obj <- obj[obj$Score %in% layers, , drop = FALSE] 

plt <- ggplot() 

want <- obj$Score %in% c("species") 

 

plt <- plt + 

  geom_text(data = obj[want, , drop = FALSE ], 

            aes(x = Dim1, y = Dim2, label = Label.1, 

                colour = Score),colour = "#7C1919",fontface = "bold",size =5)  

want <- obj$Score %in% c("sites") 

plt <- plt + 

  geom_text(data = obj[want, , drop = FALSE ], 

            aes(x = Dim1, y = Dim2, label = Label.1, 

                colour = Score),colour = "#2D2D2D",size = 2)  

want <- obj$Score == "biplot" 

tmp <- obj[want, ] 

obj <- obj[!want, ] 

bnam <- tmp[, "Label.1"] 

cnam <- obj[obj$Score == "centroids", "Label.1"] 

obj <- rbind(obj, tmp[!bnam %in% cnam, , drop = FALSE]) 

mul <- vegan:::ordiArrowMul(obj[want, , drop = FALSE ]) 

obj[want, c("Dim1","Dim2")] <- mul * obj[want, c("Dim1","Dim2")] 

plt <- plt + geom_segment(data = obj[want, , drop = FALSE ], 

               aes(x = 0, y = 0, xend = Dim1, yend = Dim2), 

               arrow = arrow(length = unit(0.2, "cm")), 

               colour = col) 

plt <- plt + geom_text(data = obj[want, , drop = FALSE ], 

                       aes(x = Dim1, y = Dim2, label = Label.1), 

                       angle = 0.5, colour = "#2C422D",fontface = "bold", size = 4.5) 

xlab <- dimlabels[1] 

ylab <- dimlabels[2] 

plt <- plt + xlab(xlab) + ylab(ylab) 

#plt <- plt + + coord_fixed() 

plt<- plt + ggtitle("CCA") + theme(plot.title = element_text(size=20, face="bold", colour = "#2D2D2D", vjust=2)) 

plt <- plt  + theme(axis.text = element_text(face = "bold", size = 10)) 

## change colour x-axe 
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plt<-plt + theme(  

  axis.title.x = element_text(face="bold",color="#2D2D2D", size = 15), 

  axis.title.y = element_text(face="bold",color="#2D2D2D" , vjust=1, size=16)) 

## change background colour plot 

plt <-plt+ theme(plot.background = element_rect(fill = 'white'))  

plt <-plt + theme(panel.background = element_rect(fill = '#EAE5BE')) 
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