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The spatial and temporal distribution of gelatinous 

zooplankton in the Belgian part of the North Sea. 

Tina VAN REGENMORTEL 

Ghent University, Marine Biology Section, Krijgslaan 281/S8, 9000 Ghent, Belgium 

 

Abstract 
This study focuses on spatial and temporal behaviour of gelatinous zooplankton in the Belgian 

part of the North Sea. Zooplankton was sampled monthly at three stations, along a nearshore to 

offshore transect, from March 2011 till February 2012. 

A total of 37 gelatinous taxa were collected that showed densities between <1 and 69 ind. m-3. 

One Hydrozoa species was recorded for the first time in Belgium. However, its exact identity will 

be confirmed by genetic analyses outside the scope of this study. 

Univariate (diversity indices) and multivariate (MDS, DISTLM, dbRDA) analyses were conducted 

to examine both the spatial and temporal patterns.  

Replicate analyses showed high similarity coefficients (70-90%), indicating that samples 

analysed in this study explained the spatial and temporal patterns well. However, absent time 

constraints, more replicates would have been worked out to improve the accuracy of the results. 

Univariate and MDS analyses showed no obvious spatial distribution pattern in gelatinous 

zooplankton. This contributed to the assumption that the Belgian part of the North Sea shares 

one diverse gelatinous zooplankton community.  

On the other hand, our analyses showed a clear difference in temporal distribution. Two bloom 

periods in gelatinous zooplankton were recorded over the year. The first occurred in Spring and 

followed a bloom in non-gelatinous zooplankton, indicating a possible direct biological link 

between both groups. The second bloom occurred in Autumn and began earlier than, or 

coincided with, a second bloom in non-gelatinous zooplankton. This latter bloom might have 

been more influenced by environmental factors. Furthermore, gelatinous zooplankton reached 

higher densities than non-gelatinous zooplankton within the zooplankton assemblage during 

blooms. More research (i.e. experimental) will have to be conducted to determine the role of 

gelatinous zooplankton within the zooplankton assemblage. 

DISTLM and dbRDA analyses showed that temporal variability in the gelatinous zooplankton 

distribution was best explained by a combination of temperature, oxygen, salinity and the 

density of non-gelatinous zooplankton. These factors explained only 40% of the total observed 

variation, indicating that other factors such as currents, predation or competition also have a 

considerable influence on the gelatinous zooplankton assemblage. 
 

 

Keywords: gelatinous zooplankton, zooplankton community, spatial and temporal distribution, 

Belgian part of the North Sea (BPNS) 
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Introduction  

       In recent years, various authors have suggested that we are heading towards a more 

gelatinous future (Mills, 2001; Purcell, 2005; Purcell et al, 2007). Some examples can be found in 

East Asian waters, where blooms of Aurelia aurita were recorded (Uye et al., 2003) and unusual 

population explosions of the jellyfish Nemopilema nomurai threaten fisheries (Kawahara et al., 

2006). Examples can also be found closer to home, such as the population explosion of 

Mnemiopsis leidyi in the Black Sea in the 1980s (Vinogradov et al., 1989) and the large numbers 

of Physalia physalis off the coast of Spain in 2010 (©BBC News, 2010). Possible causes that are 

put forward for this increase in jellyfish populations include climate change (Purcell, 2005), 

overfishing (Parsons & Lalli, 2002; Daskalov et al., 2007), eutrophication (Arai, 2001), 

translocation (Mills, 2001; Purcell et al., 2001; Graham & Bayha, 2007) and habitat modification 

(Richardson et al., 2009). 

Some authors however claim that gelatinous zooplankton blooms have ancient origins and are 

not a new phenomenon (Condon et al., 2012). Others argue that due to lack of sufficient long 

term jellyfish data sets,  trends in population increase are not yet clear (Purcell, 2012). All we 

know for certain is that jellyfish populations are nowadays changing, and it is therefore 

important to monitor their distribution. 

According to the Belgian Register of Marine Species (BeRMS1), 39 jellyfish species (Ctenophora 

and Cnidaria) have been found in the Belgian part of the North Sea (BPNS). This data is based on 

both literature and qualitative research (Vandepitte et al., 2010; Van Ginderdeuren et al., 

2012b). Three species of Ctenophora can be found in the BPNS, including one non-indigenous 

species: Mnemiopsis leidyi A. Agassiz, 1865. This species was first observed in the Westerschelde 

estuary in 2006 (Faasse & Bayha, 2006) and the BPNS in 2007 (Dumoulin, 2007). Its presence 

causes great concern because of its potential impact on the ecosystem. In the Black Sea, its 

blooms coincided with the reduction in the fishery-yields, including the collapse of the anchovy 

Engraulis encrasicolus fishery yields in the 80s (Kideys, 1994). Monitoring the distribution and 

assessing the ecology and impact of this species in the North Sea to avoid similar disasters is 

thus of major concern. 

Amongst the Cnidaria, six species of Scyphozoa and 30 species of Hydrozoa are found. Six 

hydromedusae species are vagrant, whereas 24 hydromedusae species are permanent residents. 

Amongst the hydromedusae, one non-indigenous species is present: Nemopsis bachei L. Agassiz, 

1849. This species naturally occurs along the East coast of North America (Kramp, 1959), and 

was first observed in the BPNS in 1996 (Dumoulin, 1997 as referred in Faasse & Ates, 1998). 

There is however some discussion on its non-native status. Faasse and Ates (1998) claim to take 

                                                             
1 http://www.marinespecies.org/berms/ 
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into consideration that even though the first description of the species was from the East 

Atlantic and it was only later discovered in Europe,  it does not prove its absence in Europe 

before. 

This master dissertation focuses on gelatinous zooplankton, which includes for the purpose of 

this study, the planktonic members of the phylum Ctenophora and the medusae of the phylum 

Cnidaria (hydromedusae and scyphomedusae). The majority of Ctenophores are planktonic, 

ranging from surface waters to depths of 3000 meters (Brusca & Brusca, 2003). Amongst the 

Cnidaria, Scyphozoa are largely coastal, and are usually the specimens found washed up on 

shores. However, they can also be found at great depths (Arai, 1997). Hydrozoa are generally 

much smaller and can be a prominent component of marine zooplankton communities in both 

coastal and oceanic environments (Raymont, 1983 as referred in Gibbons & Richardson, 2009). 

As no quantitative research has been done before on a regular basis for the BPNS, it is not known 

when, where and in which densities these gelatinous zooplankton species occur. Therefore, the 

aim of this study is to monitor the spatial and temporal distribution of the gelatinous 

zooplankton of the BPNS.  

This thesis contributes to the cooperation between the Marine Biology Research Group at the 

University of Ghent and the Biological Environmental Research Group at the Institute for 

Agricultural and Fisheries Research (ILVO). Both research groups have a history in benthic 

community research, with a focus on macrobenthos, epibenthos, hyperbenthos, as well as the 

demersal fish fauna. Recently, research has taken off at the level of the pelagic community, as 

many benthic organisms have a larval pelagic stage (bentho-pelagic coupling). This thesis 

studies the pelagic zooplankton community. 

The present study is also part of the MEMO project (Mnemiopsis Ecology and Modelling: 

Observation of an invasive comb jelly in the North Sea). This project is framed within the 

Interreg ІVA “2 seas” program, a European Union funding program which supports cross border 

cooperation between the UK, France, the Netherlands and Belgium. Project coordinator is the 

Institute for Agricultural and Fisheries Research (ILVO, Belgium). Other project partners are 

IFREMER (Institut Français de Recherche pour l'Exploration de la Mer), ULCO-LOG (Université 

du Littoral Côte d’Opale – Laboratoire d’Océanologie et de Géosciences), CEFAS (Centre for 

Environment, Fisheries and Aquaculture Science) and Stichting Deltares.  
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Aims 
 
The aims of this study are: 

1. to assess the spatial distribution of gelatinous zooplankton in the BPNS by sampling 

at three different locations on a nearshore to offshore transect, 

2. to determine the temporal distribution of gelatinous zooplankton in the BPNS by 

sampling on a monthly basis during one year, 

3. to discuss the position of gelatinous zooplankton within the entire zooplankton 

assemblage of the BPNS. 

 

The proposed hypotheses are: 

1. gelatinous zooplankton shows an obvious pattern in spatial distribution in the 

Belgian part of the North Sea, 

2. gelatinous zooplankton shows a uniform temporal distribution throughout the year, 

3. gelatinous zooplankton is never the most abundant component within the total 

zooplankton community.  

  



Tina Van Regenmortel  11 

Material and methods 
 

Study area 
 

In order to determine the spatial and temporal distribution of gelatinous zooplankton in the 

Belgian part of the North Sea, monthly samples were taken from March 2011 to February 2012 

from the research vessel ‘Zeeleeuw’. Three locations were chosen on a nearshore to offshore 

transect (Figure 1). Station W04 is situated near ‘Vlakte van de Raan’, off the coast of Zeebrugge. 

Station W07 is located at the ‘Thornton’ sand bank. The W09 station is positioned north of the 

‘Hinderbanken’.  

 

Figure 1. Sampling locations in the Belgian part of the North Sea.  

Data collection 
 

Gelatinous and non-gelatinous zooplankton were sampled using a WP 3 net (ø 100 cm, mesh size 

1 mm). This net was trawled at a speed of two to three knots, making two or three undulating 

movements from sea surface to sea bottom. By making use of an attached volumetric flow meter, 

the volume of water passing through the net was determined. Three replicates were taken at 

each sampling point. Due to a huge Cyanea lamarckii bloom and limited ship time, only one 

replicate was taken at sampling location W09 in March and no samples were taken at location 

W09 in May. 

All macroscopically visible ctenophores and scyphozoans were identified and measured (oral-

aboral and umbrella diameter respectively) on board. Ctenophores do not preserve well in 
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standard preservation solution, hence the onboard analyses. The remaining content of the three 

replicates was preserved at 4% buffered formaldehyde solution, for further examination in the 

laboratory. 

Physical and chemical environmental parameters of water are accurately estimated by means of 

one replicate per sampling locations (Kramer et al., 1994). 

At each sampling location the transparency of the water column was determined using a Secchi 

disc as proxy for turbidity. CTD-sensors (type SBE19plusV2) were used to measure the 

temperature, oxygen concentrations, turbidity and salinity at different depths. Most 

environmental data were measured on board RV Zeeleeuw. However, missing data were 

completed by the database ODAS (generated on board from RV Belgica) hosted by the 

Management Unit of the North Sea Mathematical Models (MUMM). Satellites measured the 

reflection of chlorophyll a in the water column, as a proxy for the primary production by 

phytoplankton. This satellite data is also hosted by MUMM. 

 

Sample and data analyses 
 

Samples were analysed in the Microscopy lab at the Institute for Agricultural and Fisheries 

Research (ILVO).  In total, 49 samples were analysed. First, one replicate from each month at 

each location was analysed. Using a stereo microscope, the gelatinous zooplankton present in 

the samples was identified to the lowest taxonomic level possible. Identification keys used for 

identification were: The medusae of the British Isles (Russel, 1953) and the Marine Species 

Identification Portal2. The exact scientific names were checked with the World Register of 

Marine Species (WoRMS) (Appeltans et al., 2011). All non-gelatinous zooplankton species were 

counted and classified  on a higher level of classification (e.g. Amphipoda, Chaetognatha, Pisces 

larvae, etc.),  this to have an idea of the prevailing zooplankton community. However, it should 

be noted that because the focus of this study was on gelatinous zooplankton, and therefore a 

WP3 net was used, the small non-gelatinous zooplankton (<1 mm) could have escaped the net. 

Therefore, the view that we obtain of the zooplankton community through this study does not 

exactly reflect reality. It is however still relevant to get a broader overall view of the zooplankton 

community and to better frame the gelatinous zooplankton community. 

To check if replicates, taken during the sampling campaign, were not significantly different from 

each other, minimum one extra replicate from four selected months was analysed. These four 

months were chosen, based on the analyses of the first replicates. They represented bloom 

                                                             
2 http://species-identification.org 
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months in both gelatinous and non-gelatinous zooplankton. For these replicates, both gelatinous 

and non-gelatinous species were counted and classified on a higher level of classification. 

For all samples, densities ( , individuals per m3) were calculated using the following formula:   

       
                    

                       
 . 

Statistical analyses 
 

Univariate and multivariate analyses were carried out using Primer version 6, Permanova+ 

software (Clarke & Gorley, 2006; Anderson et al., 2008) and Statistica version 10. 

 

A number of univariate diversity indices were calculated by means of the Primer module 

DIVERSE. This was done for the total zooplankton dataset, the gelatinous zooplankton dataset as 

well as the non-gelatinous zooplankton dataset for each sampling location. Furthermore, these 

indices were calculated per season for all datasets. The total number of species, S, and Margalef’s 

index, d, measuring the species richness (Margalef, 1958), were calculated. Pielou’s evenness 

index, J’, was calculated and represents how evenly the individuals are distributed among the 

different species (Pielou, 1966). Shannon’s index, H’, was determined with log to base e and 

measures the species diversity (Shannon, 1948). Simpson’s index, λ’, measures the probability 

that two individuals randomly chosen from a sample will belong to the same species (Simpson, 

1949). 

Because of formula-constraints (dividing by zero) and meaning of the index (no negative 

densities), Margalef’s index, Pielou’s evenness and Simpson’s index were not calculated for the 

gelatinous and non-gelatinous zooplankton dataset. 

To test if the calculated indices were significantly different between locations and seasons, a 

non-parametrical Kruskal-Wallis test was conducted in Statistica version 10. When significant 

differences were present, a Mann-Whitney U test was conducted to examine between which 

locations or seasons the difference could be observed. A Bonferonni correction was made for 

multiple pairwise tests. 

 

The data was also analysed in a multivariate way. A non-parametric multidimensional scaling 

(MDS) analysis was conducted for all zooplankton data, where gelatinous zooplankton taxa were 

combined to the higher level of Ctenophora, Hydrozoa or Scyphozoa. Furthermore, a MDS 

analysis on the gelatinous zooplankton dataset was done. Both analyses were executed on the 

spatial as well as the temporal scale. 

To determine whether environmental factors (temperature, salinity, oxygen concentration, 

turbidity, Secchi depth and chlorophyll a) had an influence on the seasonal changes in 
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zooplankton density, a Distance-based Linear Model (DISTLM) and distance-based Redundancy 

analysis (dbRDA) were conducted in Permanova+.  

To make sure that no multi-collinearity between the environmental variables was present, a 

Draftsman plot was created. Variables which showed right-skewness have to be transformed 

(e.g. log transformation). The cut-off value of 0.8 was used to delete variables, which still showed 

too much intercorrelation, from further analyses.  

To find the most parsimonious model and explain the variation in zooplankton data, the ‘Best’ 

selection procedure was used in DISTLM. This procedure examines the value of the selection 

criterion for all possible combinations of predictor variables, and provides the overall ten best 

models in its output. As selection criterion, both AIC (An Information Criterion) and BIC 

(Bayesian Information Criterion) were used and compared.   

To find the best variables, a scatter plot for the top ten AIC and BIC models was created. With 

this information, the most parsimonious model could be chosen and a dbRDA plot was made for 

this model. 

To check the adequacy of the model in the constrained dbRDA plot, it was compared with an 

unconstrained Principal Coordinates analyses (PCO) plot. 

The same procedure was carried out for the gelatinous zooplankton dataset. Here, the variable 

‘zooplankton density’ was added to the analyses, to check whether gelatinous zooplankton 

variation could be explained by variation in non-gelatinous zooplankton densities. A Draftsman 

plot was created and log transformation was carried out when necessary. Variables which 

showed more correlation than the allowed cut-off value of 0.8 were deleted.  

The ‘Best’ selection procedure was used to find the most parsimonious model to explain the 

variation in gelatinous zooplankton data. Both AIC and BIC were used as selection criteria. The 

DISTLM analysis revealed the most parsimonious model and the corresponding dbRDA plot was 

made. This dbRDA plot was again compared with a PCO plot. 

 

Replicates data were analysed by means of a MDS and a SIMPER-test with Bray-Curtis similarity 

measure, which made it possible to define similarities between the replicates. 
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Results 

In this study, three different datasets were assembled and used for analyses. (1) The total 

zooplankton dataset contains all non-gelatinous zooplankton taxa (Figure 2, red) and the 

gelatinous zooplankton taxa at a higher level of classification (Figure 2, green). The latter was 

done to avoid that gelatinous zooplankton taxa had a higher influence on the outcome of the 

results, compared to the non-gelatinous zooplankton taxa. (2) The gelatinous zooplankton 

dataset contains all the gelatinous zooplankton taxa (Figure 2, orange). (3) The non-gelatinous 

zooplankton dataset contains all non-gelatinous zooplankton taxa at a low level of classification 

(Figure 2, red). 

An overview of all species present in all three datasets, is given in the Appendix (Table 12, Table 

13) 

 

Figure 2. Overview of the three datasets for analyses: (1) total zooplankton dataset (red and green), (2) gelatinous 
zooplankton dataset (orange) and (3) non-gelatinous zooplankton dataset (red). 
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Replicate comparison 
 

Literature on zooplankton sampling recommends taking three replicates for biological data 

(Kramer et al., 1994). Due to lack of time, not all three replicates could be examined. Therefore, 

minimum one extra replicate for four chosen months distributed over the year were examined 

for this master dissertation. Figure 3 shows a Multidimensional Scaling (MDS) analysis of all 

examined replicates. Clustering between the replicates can be seen. 

 

Figure 3. MDS of all examined replicates. 

All corresponding similarity coefficients can be found in Table 1. 

 

Table 1. Similarity coefficients (%) corresponding to all examined replicates. 

  

Samples: replicates Average similarity

March: W04a, W04b, W04c 80.4

March: W07a, W07b, W07c 79.2

July: W04a, W04b 85.6

July: W07a, W07b, W07c 58.0

July: W09a, W09b 89.5

November: W04a, W04b, W04c 89.0

November: W07a, W07b, W07c 69.7

November: W09a, W09b 75.2

December: W04a, W04b 74.9

December: W07a, W07b 77.8

December: W09a, W09b 90.7
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Zooplankton diversity 

 

The zooplankton community is dominated by non-gelatinous zooplankton throughout the year, 

with exceptions in July (nearshore) and October-November (near to offshore) when gelatinous 

zooplankton reaches higher densities (Figure 4).  

 

 

Twenty-five taxa of non-gelatinous zooplankton were identified (Table 12, Appendix). Blooms in 

non-gelatinous zooplankton were recorded in Summer (June-August) and Winter (December-

January) (Figure 4). During the Summer bloom, the bulk of non-gelatinous species was 

represented by Decapoda larvae and Brachyura zoea and megalopa larvae. However, an average 

of eleven other non-gelatinous species could be found during this bloom period. The winter 

bloom was also quite high in species richness (average of 14 non-gelatinous species), but 

showed an uneven composition, with an average of 89% Copepoda. 

 

This study revealed 37 gelatinous zooplankton taxa, of which 25 were identified to species level. 

(Table 13, Appendix). Gelatinous zooplankton blooms were recorded in July and November 

(near- and midshore) and October and December (offshore) (Figure 4).  

In July, Eucheilota maculata bloomed nearshore, while Codonium proliferum peaked at the 

midshore location, representing 67% and 63 % of the gelatinous zooplankton densities 

respectively. Blooms from October to December were dominated by Clytia hemisphaerica. 

 

  

Figure 4. Densities of non-gelatinous and gelatinous zooplankton from March 2011 to February 2012 at three sampling locations in the 
BPNS. 
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Table 2 shows average and maximum density (ind. m-3) of the five most dominant and five rarest 

non-gelatinous and gelatinous zooplankton species found in this study. Additional info on 

densities and the spatial and temporal occurrence of all taxa can be found on the CD attached at 

the end.  

 

 

Table 2. Average density (ind. m-3) and maximum density (ind. m-3) of some dominant and rare zooplankton 
species found in this study from March 2011 to February 2012. 

 

The occurrence of gelatinous species shows a clear seasonal pattern, with different optima. 

Some species, such as Pleurobrachia pileus and Clytia hemisphaerica, occur throughout the year 

and show one or more peaks in density in the BPNS. Other species, such as Mnemiopsis leidyi and 

Obelia sp., only occur during certain months and are absent the rest of the year in the BPNS. This 

is demonstrated in Figure 5. 

Taxon/Species Average density Maximum density

Copepoda sp. 42 596

Brachyura zoea 5 65

Tunicata sp. (pelagic) 4 74

Decapoda larva 3 20

Mysida sp. 3 51

Euphausiacea sp. <0.1 <0.1

Phtisica marina <0.1 <0.1

Cephalopoda sp. <0.1 <0.1

Tomopteris helgolandica <0.1 <0.1

Rissoides desmaresti <0.1 <0.1

Clytia hemisphaerica 6 52

Eucheilota maculata 2 69

Pleurobrachia pileus 2 23

Beroe gracilis <1 10

Codonium proliferum <1 11

Eirene viridula <0.1 <0.1

Eirenidae sp. <0.1 <0.1

Aequorea vitrina <0.1 <0.1

Gossea corynetes <0.1 <0.1

Leuckartiara octona <0.1 <0.1
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Figure 5. Seasonal occurrence of some gelatinous zooplankton species at three sampling locations in the 
BPNS. Vertical axes at different scales. 
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Each season shows its specific composition of species. During Spring, Copepoda, Mysida and 

Brachyura were the main non-gelatinous species and  Pleurobrachia pileus and Cyanea lamarckii 

were the main gelatinous species present. Summer was characterized by Brachyura zoea, 

Eucheilota maculata, Clytia hemisphaerica and Codonium proliferum. Copepods and Clytia 

hemisphaerica dominated Autumn. During Winter Mysida, C. lamarckii and Pisces larvae were 

the main species present. Some species only appeared in a certain season. For example, 

Bougainvillia sp., Margelopsis haeckeli and Chrysaora hysoscella were only recorded in Summer, 

while Ectopleura dumortieri and Eirene viridula were only observed in Autumn. 

 

This study revealed a new species of gelatinous zooplankton for Belgium. Morphological 

identification points in the direction of Eucheilota menoni or Lovenella assimilis, both members 

of the Lovenellidae family. New fresh specimens will be subject to genetic identification, which 

should be conclusive. The species was found from September to December 2011 and was 

recorded from all examined stations, however in very low numbers (average of 0.03 ind. m-3).  

Sample analyses also revealed new recordings of the larval stages of Rissoides desmaresti (Risso, 

1816) since the early 1900’s (Vansteenbrugge et al., in prep.). These Stomatopod larvae were 

found in August and September at midshore and offshore sampling locations. Adults from this 

species are known from the British coasts to the East Atlantic Ocean and the Mediterranean Sea 

(Abelló et al., 1993-1994; Van der Baan & Holthuis, 1966; Verwey, 1966; Ramsay & Holt, 2001; 

Griffin et al., 2011). 
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Species diversity analyses 

Spatial analyses in diversity indices 

 

The univariate analyses for all zooplankton data are shown in Table 3.  

 

 

Table 3. Diversity indices for three sampling locations in the BPNS for the total zooplankton dataset, 
combining the density data for all samples averaged per sampling location. 

 

The average number of species (S) combined over the three sampling locations is about 15, but 

did not differ significantly between locations (p=0.270) . This index should be interpreted with 

care, as in this dataset taxa have different levels of classification, which might bias the outcome. 

However, no bias is found between the outputs per sampling locations, as the same classification 

was used for every location. A maximum of 20 taxa were found at the midshore location in May 

(Figure 6). The total number of individuals per m3 was also not significantly different between 

locations (p=0.777). The highest number of individuals was recorded at the midshore location in 

December. A total of 790 ind. m-3 were recorded, 75% of these individuals belonging to 

Copepoda sp..  

Av. St. Dev. Av. St. Dev. Av. St. Dev.

W04 14.6 3.1 62.7 70.3 4.9 2.9

W07 16.3 2.8 111.5 220.8 6.5 5.1

W09 15.8 2.3 57.6 92.6 6.4 3.7

Av. St. Dev. Av. St. Dev. Av. St. Dev.

W04 0.5 0.2 1.4 0.6 0.6 0.3

W07 0.5 0.2 1.4 0.6 0.7 0.5

W09 0.5 0.2 1.3 0.5 0.6 0.3

Simpson's index (1-λ')Pielou's evenness (J')

Species richness (d)Total individuals (N)# species (S)

Shannon's index (H')
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Figure 6. Species composition at the midshore location in May 2011. 

Margalef’s species richness and Pielou’s evenness did not significantly differ between locations 

(d: p=0.49; J’: p=0.818 ). A maximum Margalef’s species richness of 20.4 was recorded at the 

midshore location in April. The highest J’ of 0.8 was found at the nearshore sampling location in 

September (Figure 7). Shannon’s and Simpson’s index were also not significantly different 

between sampling sites (H’: p=0.932 and λ’: p=0.909), adding to the assumption of a similar 

diversity at the different sampling locations. 

 

Figure 7. Species composition at the nearshore location in May 2011. 

 

 

 

38% 

17% 

13% 
12% 5% 

4% 

4% 

5% 

Species composition 
W07 - May 

Tunicata sp.
Copepoda sp.
Brachyura zoea
Decapoda larve
Cumacea sp.
Pisces egg
Polychaeta sp.
Amphipoda sp.
Scyphozoa
Mollusca sp.
Ctenophora
Decapoda adult
Ophiura sp.
Pisces larva
Brachyura megalopa
Mysida sp.
Hyperia galba
Pariambus typicus
Chaetognatha sp.
Hydrozoa

19% 17% 

14% 

12% 

10% 8% 
5% 

4% 

9% 

Species composition 
W04 - September  

Copepoda sp.
Ctenophora
Mysida sp.
Hydrozoa
Brachyura zoea
Chaetognatha sp.
Decapoda larva
Polychaeta sp.
Amphipoda sp.
Brachyura megalopa
Pisces larva
Decapoda adult
Syngathus rostellatus
Cumacea sp.
Pariambus typicus
Tomopteris helgolandica
Scyphozoa



Tina Van Regenmortel  23 

Table 4 shows the  univariate analyses for the gelatinous zooplankton dataset.  

 

Table 4. Diversity indices for gelatinous zooplankton for each sampling location combining the density data 
for all samples averaged per sampling location. 

The average number of gelatinous zooplankton species and their densities seemed higher at 

near- and midshore locations in comparison to the offshore location, though not significantly (S: 

p=0.352; N: p=0.328). The highest species number of 15 gelatinous taxa was found at the W07 

station in July (Figure 8).  

 

Figure 8. Gelatinous zooplankton species composition at the midshore sampling location in July 2011. 

 

Pielou’s evenness did also not differ significantly between sampling locations (p=0.887). The 

highest evenness in gelatinous zooplankton was found at the nearshore location in June (J’= 1), 

when only five species were found which showed approximately the same percentage in 

abundance (Figure 9). Shannon’s index seemed higher close to the coast, although not 

significantly, p=0.052. 

 

 

Av. St. Dev. Av. St. Dev. Av. St. Dev. Av. St. Dev.

W04 6.5 3.2 18.0 30.9 0.5 0.2 0.9 0.5

W07 6.7 4.8 9.1 13.8 0.4 0.2 0.6 0.5

W09 4.5 2.5 7.5 11.5 0.3 0.4 0.4 0.5

# species (S) Total individuals (N) Pielou's evenness (J') Shannon's index (H')

63% 

19% 

6% 

12% 

Species composition 
W07 - July 

Codonium proliferum

Clytia hemisphaerica

Corynidae sp.

Eucheilota maculata

Pleurobrachia pileus

Hydractinia carnea

Laodicea undulata

Leptomedusa sp.

Anthomedusa sp.

Eutima gracilis

Hydromedusa sp.

Aequorea sp.

Obelia sp.

Cyanea lamarckii

Margelopsis haeckeli
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Figure 9. Gelatinous zooplankton species composition at the nearshore sampling location in June 2011. 

 

Finally, univariate diversity indices for the non-gelatinous zooplankton dataset are shown in 

Table 5. 

 

 

Table 5. Diversity indices for the non-gelatinous zooplankton dataset for each sampling location, combining the density 
data for all samples averaged per sampling location. 

 

The average number of non-gelatinous zooplankton species seemed higher at the offshore 

location, however the number of species was not significantly different between locations 

(p=0.215). The highest species number at the offshore location was 16 species in February 

(Figure 10). Average densities seemed higher at the nearshore sampling location. However, 

maximum total density was recorded from the midshore location in December (780 ind. m-3). 

This index (N) was also not significantly different between locations (p=0.110). 

 

35% 

15% 15% 

15% 

20% 

Species composition  
W04 - June 

Pleurobrachia pileus

Beroe gracilis

Aurelia aurita

Clytia hemisphaerica

Nemopsis bachei

Av. St. Dev. Av. St. Dev. Av. St. Dev. Av. St. Dev.

W04 12.8 2.7 94.5 158.4 0.6 0.2 1.5 0.5

W07 11.5 3.5 26.9 55.8 0.5 0.3 1.2 0.6

W09 13.6 3.1 49.0 95.4 0.5 0.2 1.3 0.5

# species (S) Total individuals (N) Pielou's evenness (J') Shannon's index (H')
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Figure 10. Non-gelatinous species composition at the offshore sampling location in February 2012. 

Both Pielou’s evenness and Shannon’s index seemed higher at the nearshore location, though 

again not significant (J’: p=0.437; H’: p=0.467). Highest J’ (0.8) and H’ (1.9) at this location were 

both recorded in April. 

 

Temporal analyses in diversity indices 

 

Table 6 presents the diversity indices for the total zooplankton dataset for each season. 

 

Table 6. Diversity indices for each season for the total zooplankton dataset combining the density data for all samples 
averaged per season. 

 

The average number of species (S) combined over the seasons is again about 15. However, we 

should be careful in interpreting these data, as different levels of classification were used in the 

35% 

20% 

16% 7% 
7% 

4% 

11% 

Species composition 
W09 - February 

Pisces larva
Amphipoda sp.
Pisces egg
Decapoda larva
Mysida sp.
Copepoda sp.
Brachyura zoea
Cumacea sp.
Chaetognatha sp.
Tunicata sp.
Polychaeta sp.
Mollusca sp.
Euphausiacea sp.
Ophiura sp.
Decapoda adult
Brachyura megalopa
Hyperia galba

Av. St. Dev. Av. St. Dev. Av. St. Dev.

Spring 14.9 3.8 29.6 25.1 7.3 6.2

Summer 16.4 1.3 57.8 57.7 4.4 1.0

Autumn 15.7 2.4 166.8 256.2 4.2 2.0

Winter 15.2 3.3 51.8 72.2 7.8 4.0

Av. St. Dev. Av. St. Dev. Av. St. Dev.

Spring 0.6 0.1 1.5 0.3 0.8 0.4

Summer 0.6 0.1 1.7 0.3 0.8 0.1

Autumn 0.3 0.2 0.8 0.5 0.4 0.3

Winter 0.5 0.2 1.3 0.6 0.7 0.4

# species (S) Total individuals (N) Species richness (d)

Pielou's evenness (J')Shannon's index (H')Simpson's index (1-λ')
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λ' Spring Summer Autumn Winter

Spring

Summer 0.743

Autumn 0.011 0.006

Winter 1.000 0.730 0.094

dataset, which could bias the outcome. The number of species, total number of individuals per 

cubic meter and Margalef’s species richness were not significantly different between seasons (S:  

p=0.747; N: p=0.1850; d: p=0.218). 

Pielou’s evenness, Shannon’s index and Simpson’s index did show a significant difference 

between seasons (J’: p=0.016; H’: p=0.016; λ’: p=0.041). Mann Whitney U-tests were conclusive 

to find out between which seasons significant differences were present. Table 7 shows the 

obtained p-values. 

 

 

 

 

 

Table 7. Overview of p-values of Mann Whitney U-tests for Pielou's evenness (J'), Shannon's index (H') and Simpson's 
index (λ') for the total zooplankton dataset. P-values in red are still significant after Bonferroni correction. 

A correction had to be made for multiple pairwise tests (Bonferroni correction: p-values < 

0.05/6 tests = 0.008). Therefore, a significant difference in Pielou’s index can be observed 

between Autumn and Spring (p=0.006) and Autumn and Summer (p=0.003). For both Shannon’s 

and Simpson’s index, a significant difference was observed between Autumn and Summer 

(p=0.003 and p=0.006 respectively). 

 

Diversity indices for the gelatinous zooplankton dataset are shown in Table 8. 

 

Table 8. Diversity indices for gelatinous zooplankton for each season, averaged per season. 

The average number of gelatinous zooplankton species and the total number of individuals are 

significantly different between seasons (S: p=0.0003; N: p=0.0003). Mann Whitney U-tests were 

conclusive to find between which seasons the significant differences were present (Table 8Table 

9).  

 

J' Spring Summer Autumn Winter H' Spring Summer Autumn Winter

Spring Spring

Summer 0.370 Summer 0.093

Autumn 0.006 0.003 Autumn 0.015 0.003

Winter 0.815 0.436 0.077 Winter 0.888 0.387 0.094

Av. St.Dev. Av. St.Dev. Av. St.Dev. Av. St.Dev.

Spring 2.50 1.51 1.12 2.09 0.58 0.29 0.45 0.54

Summer 8.22 4.12 19.39 32.19 0.48 0.25 0.95 0.45

Autumn 8.33 2.40 23.35 18.60 0.22 0.24 0.46 0.50

Winter 4.33 2.18 1.44 1.38 0.50 0.28 0.70 0.50

# species (S) Total individuals (N) Pielou's evennes (J') Shannon's index (H')



Tina Van Regenmortel  27 

70% 

22% 

5% 3% 

Spring gelatinous 
zooplankton composition 

Pleurobrachia pileus

Cyanea lamarckii

Beroe gracilis

5 other species

89% 

5% 
3% 

2% 
1% 

Autumn gelatinous 
zooplankton composition 

Clytia hemisphaerica

Beroe gracilis

Obelia sp.

Eucheilota maculata

22 other species

 

 

Table 9. Overview of p-values of Mann Whitney U-tests for number of species (S), total number of individuals (N) and 
Pielou's evenness (J') for the gelatinous zooplankton dataset. P-values in red indicate those still significant after 

Bonferroni correction. 

 

After Bonferroni correction, a significant difference in total number of species and total number 

of individuals can be found between Summer and Spring (S: p=0.001; N: p=0.006) , Autumn and 

Spring (S: p=0.0001; N: p=0.001) and Autumn and Winter (S: p=0.002; N: p=0.0003).  

A total number of  26 different species were found during Autumn (Figure 11, left), while eight 

different species were found during Spring (Figure 11, right), and ten during Winter (Figure 12, 

left). A total of 27 different gelatinous zooplankton species were found during Summer (Figure 

12, right). 

 

 

S Spring Summer Autumn Winter N Spring Summer Autumn Winter

Spring Spring

Summer 0.001 Summer 0.006

Autumn 0.0001 0.863 Autumn 0.001 0.190

Winter 0.074 0.031 0.002 Winter 0.200 0.014 0.0003

J' Spring Summer Autumn Winter

Spring

Summer 0.074

Autumn 0.002 0.161

Winter 0.277 0.666 0.0503

Figure 11. Gelatinous zooplankton species composition during Autumn (October-December) (left) and Spring (April-June) (right). 
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43% 

22% 

21% 

6% 

8% 

Summer gelatinous 
zooplankton composition 

Eucheilota maculata

Clytia hemisphaerica

Pleurobrachia pileus

Codonium proliferum

23 other species

62% 16% 

16% 

6% 

Winter gelatinous 
zooplankton composition 

Pleurobrachia pileus

Cyanea lamarckii

Clytia hemisphaerica

7 other species

Pielou’s evenness (p=0.021) was significantly different between Spring and Autumn (p=0.002).  

J’ showed a maximum of 0.95 during Spring. Shannon’s index seemed highest throughout 

Summer (though not significantly, p=0.120) with a maximum of 1.4. 

 

Finally, diversity indices for non-gelatinous zooplankton for all seasons are shown in Table 10. 

 

Table 10. Diversity indices for non-gelatinous zooplankton for each season, averaged for all samples per 
season. 

Total number of species and total number of individuals were  not significantly different 

between seasons (p=0.053 and p=0.258 respectively). Both Pielou’s evenness and the Shannon’s 

index were significantly different between seasons (p=0.003 and p=0.006 respectively). Table 

11 shows corresponding p-values of Mann Whitney U-tests.  

 

Table 11. Overview of p-values of Mann Whitney U-tests for Pielou's evenness (J') and Shannon's index (H') for the non-
gelatinous zooplankton dataset. P-values in red indicate those still significant after Bonferroni correction. 

After Bonferroni correction a significant difference for both Pielou’s evenness and Shannon’s 

index could be observed between Winter and the three other seasons (Table 11) 

Av. St.Dev. Av. St.Dev. Av. St.Dev. Av. St.Dev.

Spring 2.5 1.5 1.1 2.1 0.6 0.3 0.5 0.5

Summer 8.2 4.1 19.4 32.2 0.5 0.2 0.9 0.4

Autumn 8.3 2.4 23.3 18.6 0.2 0.2 0.5 0.5

Winter 4.3 2.2 1.4 1.4 0.5 0.3 0.7 0.5

# species (S) Total individuals (N) Pielou's evennes (J') Shannon's index (H')

J' Spring Summer Autumn Winter H' Spring Summer Autumn Winter

Spring Spring

Summer 0.236 Summer 0.370

Autumn 0.200 1.000 Autumn 0.673 0.161

Winter 0.002 0.004 0.004 Winter 0.006 0.004 0.003

Figure 12. Gelatinous zooplankton species composition during Winter (January-March) (left) and Summer (July-September) (right). 
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Environmental variables 
 

Sea water temperature varied from a minimum of 2.4 °C in Winter to a maximum of 18.6°C in 

Summer at the nearshore sampling location. The midshore and offshore locations showed less 

variation in sea water temperatures (5.6 – 17.8 °C) (Figure 13a). 

Salinity showed a nearshore to offshore increase. Average salinity in nearshore, midshore and 

offshore sampling locations were 32.4, 34.2 and 35.0 PSU respectively (Figure 13b). 

Oxygen concentrations were highest in Spring (15.8 mg/l) and lowest in Autumn (6 mg/l). No 

large variations were found along the near to offshore transect (Figure 13c). 

Turbidity was recorded in NTU (Nephelometric Turbidity Units), which shows a linear 

relationship with the amount of particles in the water. Highest turbidity and fluctuations in 

turbidity were recorded at the nearshore station (10–62 NTU). Turbidity in mid and offshore 

stations was much lower and did not fluctuate a lot during the year (2-6 NTU) (Figure 13d).  

Secchi depth was measured as proxy for the turbidity. As a consequence, Secchi depth was 

lowest nearshore, and showed higher – and thus more transparent -values at mid- and offshore 

locations (Figure 13e).  

Chlorophyll a concentrations were recorded as proxy for the primary production by 

phytoplankton. Chlorophyll a concentrations were highest in all three stations in Spring, and 

were lowest in Autumn (Figure 13f). It is important to note that the chlorophyll a records were 

obtained from satellite data. Here, a high error was observed, as two different satellite data 

(MERIS and MODIS) showed different values of chlorophyll a for the same location and time 

period. For this study, the data from satellite MODIS was used. This because of missing data for 

satellite MERIS for some months during the year. 
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Figure 13. Environmental variables at three sampling locations during the period March 2011 to February 2012. 
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Community analyses 

Analysing the community on a spatial scale 
 

Multivariate analysis was done on all zooplankton data, taking one replica of every month into 

account. All taxa including gelatinous zooplankton was combined at a higher taxonomic level of 

e.g. Hydrozoa, Scyphozoa or Ctenophora.  

To display the potential spatial distribution of zooplankton, a factor ‘distance to shore’ was 

added to the analysis. The MDS analysis shows no clear spatial pattern (Figure 14).  

 

The same analysis was also executed on the gelatinous zooplankton dataset separately, 

excluding the replicates. After adding the factor ‘distance to shore’, a MDS was made, but no 

clear spatial pattern could be found (Figure 15).  

Figure 14. MDS analysis with factor ‘distance to shore’ of all zooplankton data. 
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Figure 15. MDS analysis using the gelatinous zooplankton data adding a factor ‘distance to shore’. 
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Analysing the community on a temporal scale 

 

Analysis was done on all zooplankton data, taking one replica of every month into account.  

The temporal distribution of zooplankton was displayed by adding a factor ‘season’ to the 

analyses. Figure 16 shows the corresponding MDS.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. MDS with factor ‘season’ for all zooplankton data. 

January and February of 2012 were warmer than the previous year, with exception of February 

2011 at the W04 location (Table 14, Appendix). Therefore, data of these two months were added 

to the data of Spring 2011 in a second MDS (Figure 17).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 17. MDS of the temporal distribution of zooplankton. Clustering by factor ‘season’ can be observed. 
January and February 2012 are added to the Spring-group because of the high temperature conditions. 
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To display the temporal distribution of gelatinous zooplankton, a factor ‘season’ was added to 

the analysis. As January and February of 2012 were warmer than the previous year (except for 

W04, February 2011, Table 14), data of these two months were added to the data of Spring 2011 

in this analysis as well. Figure 18 shows the corresponding MDS, with a more pronounced 

clustering.   

 

Figure 18. MDS of the temporal distribution of gelatinous zooplankton. January and February 2012 are added 
to the Spring-group because of the high temperature conditions 
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Abiotic and biotic variables influencing the temporal variation 

 

As a pattern in the temporal distribution was observed for both the total zooplankton and the 

gelatinous zooplankton dataset, a DISTLM and dbRDA analysis were conducted to examine 

which abiotic or biotic variables explained this temporal variation. 

First, analyses were done on the total zooplankton dataset. After examining the initial Draftsman 

plot (Figure 19), which checks for multi-collinearity, the variables Secchi-depth and turbidity 

were log-transformed. The Draftsman plot of the transformed environmental variables is shown 

in the Appendix (Figure 25). 

 

Figure 19. Draftsman plots with the untransformed environmental variables. Secchi-depth and turbidity show 
right-skewness. Therefore, these variables have to be transformed. 

The corresponding correlation matrix is shown in Figure 20. Some variables showed strong 

correlations. The cut-off value of 0.8 was reached for the variable ‘Secchi depth’, therefore this 

variable was no longer incorporated in further analyses. 

 

Figure 20. Correlation matrix with the transformed environmental variables. The cut-off value of 0.8 was 
reached for the variable ‘Secchi depth’. 
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A DISTLM analysis was executed on the zooplankton data with the selected and transformed 

environmental variabless. The marginal tests indicated that all variables, when considered 

alone, had a significant relationship with the zooplankton data-cloud (p <0.05, Figure 26, 

Appendix), with exception of  chlorophyll a (p=0.212). 

To find the most parsimonious model and explain the variation in zooplankton data, the ‘Best’ 

selection procedure was used in DISTLM. As selection criterion, both AIC (An Information 

Criterion) and BIC (Bayesian Information Criterion) were used and compared (Figure 27, 

Appendix). A scatterplot of the top ten models can be found in the Appendix (Figure 28). 

A dbRDA plot was made for the parsimonious model chosen above, with variables temperature, 

log(turbidity) and salinity (Figure 21).  

 

 

The output file (Figure 29, Appendix) shows that the first two dbRDA axes explain 83% of the 

fitted variation. As this is higher than 70%, we can assume that the patterns in the model were 

correctly plotted (Anderson et al., 2008). Furthermore, the variable temperature alone explains 

nearly 17% of the variability in the data cloud and log(turbidity) also individually explains 

Figure 21. dbRDA of the zooplankton data from the most parsimonious model. 
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almost 11%. All of the dbRDA axes together explain 100% of the fitted variation and 34% of the 

total variation. 

 

A PCO analysis was executed to compare with the output of the dbRDA analysis (Figure 22). 

Considerable difference in the position of the points in the data cloud can be observed between 

the constrained dbRDA plot and the unconstrained PCO plot. 

 

Figure 22. PCO analysis of all zooplankton data. 

 

DISTLM and dbRDA analyses were also executed for the gelatinous zooplankton dataset 

separately. The variable ‘zooplankton density’ was added to the analyses, to check whether 

gelatinous zooplankton variation could be explained by variation in non-gelatinous zooplankton 

densities. A Draftsman plot indicated that Secchi-depth, turbidity and zooplankton density had 

to be log transformed.  The Draftsman plots of the untransformed and transformed 

environmental variables are shown in the Appendix (Figure 30 and Figure 31). The 

corresponding correlation matrix is shown in Table 15 (Appendix). This indicated strong 

correlation between some variables. The cut-off value of 0.8 was reached for Secchi depth, which 

was therefore no longer incorporated in further analyses. 
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To find the most parsimonious model and explain the variation in zooplankton data, the ‘Best’ 

selection procedure was used in DISTLM with selection criterion AIC and BIC (Figure 32, 

Appendix). A scatterplot of the top ten models can also be found in the Appendix (Figure 33). 

The DISTLM analysis revealed the most parsimonious model with following variables: 

temperature, salinity, oxygen and log(zooplankton density). The corresponding dbRDA plot can 

be found in Figure 23.   

 

The output file (Figure 34, Appendix) shows that the first two dbRDA axes explain 92% of the 

fitted variation. We can thus assume that the patterns in the model were correctly plotted 

(>70%, Anderson et al., 2008 ). Furthermore, the variable oxygen alone explains 27% of the 

variability in the data cloud and salinity also individually explains almost 10%. All of the dbRDA 

axes together explain 100% of the fitted variation and 40% of the total variation.  

 

Figure 23. dbRDA of gelatinous zooplankton data  from the most parsimonious model. 
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A PCO analysis was done to compare with the output of the dbRDA analysis (Figure 24). 

Considerable difference in the position of the points in the data cloud can again be observed 

between the constrained dbRDA plot and the unconstrained PCO plot. 

 

Figure 24. PCO analysis of gelatinous zooplankton data. 
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Discussion 
 

Replicate comparison 
  

Due to time constraints, not all three replicates taken during the sampling campaigns could be 

fully analysed. First, one replicate from each month at each location was analysed. Based on 

these analyses, minimum one extra replicate was examined from four months to evaluate that 

replicates did not differ significantly from each other. These chosen months represented bloom 

months in both gelatinous and non-gelatinous zooplankton. 

According to the MDS and corresponding similarity coefficients, the average similarity between 

the replicates was quite high (70-90 %). The similarity coefficient for the replicates of July 

however was low (58%). In July, one replicate was worked out completely, whereas a subsample 

was examined from the other two replicates. The first replicate showed much higher numbers in 

Brachyura zoea, Hydrozoa, Decapoda larva, Pisces larvae, … than the latter two replicates. The 

low similarity coefficient could thus be explained by (1) a higher aggregation of organisms while 

sampling the first replicate, (2) an error by taking only subsamples in the latter two replicates,  

or (3) it might be ‘normal’ variation between replicates. 

The second option is however not very likely, as other samples were analysed in the same way 

and showed high similarity coefficients (i.e. July (W09a,b): 89%). Option one and three are 

more likely, as aggregation is possible due to physical factors (i.e. currents, turbulence, 

temperature) (Graham et al., 2001) and normal variation is always present. 

As most replicates showed high similarity coefficients, we assume that the samples worked out 

in this study do a good job of explaining both the spatial and temporal distribution in gelatinous 

zooplankton. However, if time constraints were absent, more replicates would have been 

worked out to further lower the observed error and thus to obtain more accurate results. 
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Zooplankton diversity  
 

Overall, 37 gelatinous zooplankton taxa, of which one new species for Belgium, were found. 

Furthermore, 25 non-gelatinous zooplankton taxa were recorded. 

 

Blooms in zooplankton are seasonal and usually follow blooms in phytoplankton (Bode et al., 

2005; Freund et al., 2006). The seasonal distribution of copepod biomass in the Oosterschelde 

estuary (Southern North Sea) for example, showed peak concentrations in Spring. A significant 

correlation was found between time of development of the larval stages of the copepods and 

phytoplankton (Bakker & Van Rijswijk, 1987). There is however some variation in the seasonal 

timing of zooplankton blooms. They are not exactly repetitive from year to year (Mackas et al., 

2012). Patterns in gelatinous zooplankton abundance are also known to be strongly seasonal. 

Gibbons and Richardson (2009) examined patterns in the North Atlantic. Abundances of 

gelatinous zooplankton in oceanic areas showed a mid-year peak, while shelf populations 

showed a later peak. Abundances of the latter increased during Spring, peaked during Summer 

and declined slowly during Autumn. 

 

In this study, two bloom periods in both non-gelatinous and gelatinous zooplankton were 

observed at the three sampling locations throughout the year. The first bloom in gelatinous 

zooplankton followed that of non-gelatinous zooplankton. Many gelatinous zooplankton species 

feed on non-gelatinous zooplankton (e.g. Purcell, 1985; Greene et al., 1986; Daan, 1989). For 

example, Clytia hemisphaerica is known to predate on copepods (Matsakis & Nival, 1989; 

Matsakis, 1993), little non-crustacean and crustacean larvae (McCormick, 1969; Mills, 1981) and 

eggs of both euphausiids (Larson, 1987) and copepods (Daan, 1989). 

The second bloom in gelatinous zooplankton began earlier or coincided with the second bloom 

in non-gelatinous zooplankton. This could indicate that the second bloom is more controlled by 

other variables such as temperature and salinity. This shows resemblance with patterns of 

jellyfish abundance in the North Atlantic, where peaks of gelatinous shelf populations mirror 

changes in sea surface temperature (Gibbons & Richardson, 2009). 

 

During blooms in gelatinous zooplankton, the gelatinous zooplankton species reached higher 

densities than non-gelatinous zooplankton. This therefore rejects our third hypothesis: 

gelatinous zooplankton are never the most abundant component within the total zooplankton 

community. More research (i.e. experimental) should however be conducted to determine the 

role of gelatinous zooplankton within the zooplankton community. 
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A good example of dominant densities is given by the species composition at the nearshore 

sampling location in July 2011. Here, 62% of the total density consisted of gelatinous species, 

with dominance of Eucheilota maculata (42%). 

Furthermore, during these gelatinous blooms, some species showed higher abundances (Table 

2). In order to discover the reason behind this, the food preferences, predation, reproductive 

strategy and invasiveness are discussed in the following paragraphs. Food preferences and 

predation affect both the abundances of other zooplankton species as well as those of the 

predator. Reproductive strategy is important to secure a viable population within the 

community. Invasiveness can affect the community if the invasive species can dominate a niche 

by rapid growth and reproduction or high tolerance to environmental conditions. Therefore, 

knowing the biology of the most abundant species is relevant to better understand the position 

of these species in the community. It makes it possible to frame our second and third hypothesis: 

better understanding the influence of these species during temporal blooms. These species 

represent most dominant ctenophores (P. pileus, B. gracilis), an invasive ctenophore (M. leidyi), a 

dominant scyphozoan (C. lamarckii), most dominant hydrozoans (C. hemisphaerica, E. maculata, 

C. proliferum and Obelia sp.) and the newly recorded species (E. menoni or L. assimilis, page 19). 

The distribution of these species throughout the year and at the three sampling locations was 

shown in Figure 5. 

Pleurobrachia pileus  O.F. Müller, 1776 

The sea gooseberry, Pleurobrachia pileus, is an important resident in coastal waters of the West-

Atlantic (Mayer, 1912; Lucas et al., 1995), the North-East Atlantic (Båmstedt, 1998; Frost et al., 

2012) and the Black Sea (Mutlu & Bingel, 1999). The species is exclusively carnivorous 

(Haddock, 2007). It is an ambush predator, using its long tentacles, and displays strong prey 

selectivity as a consequence of different susceptibility and swimming rate among different types 

of prey (Greene et al., 1986). 

Presence of the ctenophore in the BPNS was demonstrated for coastal regions (De Blauwe, 

2003) as well as mid and offshore regions (Van Ginderdeuren et al., 2012b). In this study, P. 

pileus was found nearshore throughout the year, with peak densities of 24 ind. m-3 in Summer 

(July-September). This is in contrast with data from 2009-2010 (Van Ginderdeuren, 2012b), 

where a peak of 79 ind. m-3 occurred in Spring (March-May). This time delay is presumably 

caused by lower temperatures in Winter 2010, leading to a shift in appearance (Schlüter et al., 

2010). Numbers were much lower mid and offshore, and the species wasn’t found all year round 

at these locations. This contributes to the fact that Pleurobrachia pileus is most common in 

shallow coastal waters (Haddock, 2004).  
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Beroe gracilis Künne, 1939  

Beroe gracilis is a species known from the North-East Atlantic Ocean (Greve, 1975). 

The ctenophore employs a raptorial feeding mode while predating on gelatinous organisms 

(Swanberg, 1974 as referred in Haddock, 2007). It is a known predator of Pleurobrachia pileus 

(Greve, 1981). In this study, peaks in B. gracilis coincided with peaks in P. pileus, which could 

demonstrate its predatory impact. 

Beroe gracilis was mainly found at the nearshore sampling location, which is in accordance with 

earlier studies (Van Ginderdeuren et al., 2012b). The largest peak in abundance occurred in 

December, with 10 ind. m-3. This is much later than in 2009-2010, when the highest  peak was 

recorded June. Furthermore, densities in 2010 were much higher, with a maximum density of 

139 ind. m-3 (Van Ginderdeuren et al., 2012b).  

Little is known about factors that affect the sexual reproduction and population abundances of 

this species, perhaps due to their fragility (Purcell, 2005). Therefore, we can only guess that 

environmental factors such as temperature were the reason for the later peak and lower 

abundances in this species, as was already shown for other species (Purcell, 2005). 

 

Mnemiopsis leidyi A. Agassiz 1865  

The American ctenophore, Mnemiopsis leidyi is a gluttonous predator which preys on 

zooplankton, fish eggs and fish larvae (Kremer, 1979; Purcell, 1985; Colin et al., 2010). It can 

tolerate a wide range of temperature and salinity (Ivanov et al., 2000). It can swiftly colonize a 

new habitat and bloom, because it is a rapidly reproducing, self-fertilizing hermaphrodite 

(Shiganova, 1998). 

In the early 1980s, M. leidyi was introduced into the Black Sea (Mutlu, 1999). It is assumed that 

this translocation happened by ballast water coming from the western Atlantic coastal regions 

(Vinogradov et al., 1989; Reusch et al., 2010 ), the native range of M. leidyi (Ivanov et al., 2000). 

In 1989, blooms of M. leidyi coincided with the reduction in the fishery-yields in this area, 

including the collapse of the anchovy Engraulis encrasicolus fishery (Kideys, 1994; Graham & 

Bayha, 2007). It was thought that M. leidyi caused the enormous downfall in E. encrasicolus yield 

through competition with adults and predation (direct feeding) on larvae and anchovy eggs 

(Graham & Bayha, 2007; Colin et al., 2010). However it is now presumed that fish stocks were 

already declining due to overfishing and eutrophication before M. leidyi was introduced 

(Shiganova, 1998; Gucu, 2002; Daskalov et al., 2007). As a result, the introduction of the 

ctenophore had a potentially greater influence on the ecosystem. 

Since its introduction into the Black Sea, M. leidyi has been spreading to adjacent waters. It 

migrated north to the Sea of Azov in the late eighties (Studenikina, 1991 as referred in 
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Shiganova et al., 2001) and south to the Sea of Marmara  in the early nineties (Shiganova, 1993 

as referred in Shiganova, 1998). Mnemiopsis leidyi reached the east of the Mediterranean basin 

(Aegean Sea and coasts of Syria and Turkey) and the Caspian Sea in the mid-nineties (Shiganova, 

1993; Kideys & Niermann, 1994; Ivanov et al., 2000; Shiganova et al., 2001; Siapatis et al., 2008). 

Since 2006, it has been observed in the Baltic Sea (Javidpour et al., 2006; Oliveira, 2007), the 

coasts of Denmark (Boersma et al., 2007), the western part of the Mediterranean Sea (Fuentes et 

al., 2010) and the coastal waters of the Netherlands (Faasse & Bayha, 2006). The first sighting of 

M. leidyi in Belgian waters was in 2007, in the port of Zeebrugge (Dumoulin, 2007). Furthermore, 

in 2009 it was observed for the first time offshore (Van Ginderdeuren et al., 2012a). 

In this study, Mnemiopsis leidyi was recorded from nearshore (W04) and midshore (W07) 

stations. No individuals of M. leidyi were caught in the offshore station W09. Nearshore, the 

species was present from September to December, with a maximum density of 0.84 ind. m-3 

recorded in September with. Midshore, however, the occurrence was negligible  with 0.008 ind. 

m-3 in November only. 

At present, M. leidyi numbers in the BPNS are nowhere near those found in the Black Sea, where 

a peak abundance of 304 ind. m-3 was recorded in 1989 (Vinogradov et al., 1989). It is therefore 

presumed that the ctenophore has no large impact on the zooplankton yet. However, the range 

of the species in the BPNS could extend in the future, and therefore it is important to keep 

monitoring its distribution.  

 

Cyanea lamarckii  Péron & Lesueur, 1810 

The blue jellyfish, Cyanea lamarckii, is one of the most abundant scyphozoan species found in the 

northern coastal zones (Helmholz et al., 2007). It has a wide diet, but is an enormous predator 

on ichtyoplankton prey as well as other gelatinous and crustacean prey (Purcell & Arai, 2001). 

Cyanea lamarckii is the most frequently observed scyphozoan in this study, with maximum 

densities of 1.4 ind. m-3. Its occurrence is in accordance with other studies in the Southern North 

Sea (Barz & Hirche, 2007). This study reveals similar densities nearshore and midshore, and 

lowest densities offshore. This is in contrast to previous years (Van Ginderdueren et al., 2012b), 

where the species reached its highest densities offshore instead of nearshore. This could be 

influenced by the direction of winds and currents that move the species towards the shoreline in 

this study, as was observed for scyphozoans in other studies (Shenker, 1984; Larson, 1990) 
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Clytia hemisphaerica  Linnaeus, 1767 

A lot of recent literature on Clytia hemisphaerica can be found on genetic aspects of the species 

(Chevalier et al., 2006; Chiori et al., 2009), its reproduction (Carré & Carré, 2000; Verlhac et al., 

2010) or enzymes (Denker et al., 2008). Literature on the distribution and ecology of C. 

hemisphaerica is on a rise. The species seems to have a near-cosmopolitan distribution in coastal 

waters. It is known from the East Atlantic, from the Mediterranean to the coasts of Iceland and 

Norway (Russel, 1953; Matsakis, 1993; Lucas et al., 1995; Carré & Carré, 2000). Furthermore, it 

has been reported from the West Atlantic (Calder, 1991; Kelmo & Attril, 2003), the Indian Ocean 

and the East Pacific (Mammen, 1995 and Fraser, 1948 as reffered in Kelmo & Attril, 2003). 

Clytia hemisphaerica is known to predate on copepods (Matsakis & Nival, 1989; Matsakis, 1993), 

little non-crustacean and crustacean larvae (McCormick, 1969; Mills, 1981) and eggs of 

euphausiids (Larson, 1987) and copepods (Daan, 1989). 

This study revealed Clytia hemisphaerica as a common species, found throughout the year, with 

exception of May. Densities were highest during Summer and Autumn, with a highest peak of 52 

ind. m-3 in November at the nearshore sampling location and 48 ind. m-3  at the midshore 

sampling location.  

 

Eucheilota maculata Hartlaub, 1894 

Literature on Eucheilota maculata is scarce. The species seems to have a limited distribution, as 

it has been reported from the Southern North Sea and the West Baltic Sea (Russel, 1953; Kramp, 

1961). In this study, E. maculata was present from July until December. Peak densities (69 ind. 

m-3) were found in July, at the nearshore station. 

Recent research in the BPNS showed very low numbers of this species, as only two specimens 

were found at W07 Summer of 2010 (Van Ginderdeuren et al., 2012b). This however, could be 

due to misidentification, as the species largely resembles Clytia hemisphaerica. 

 

Codonium proliferum Forbes 1848 

This hydrozoan is reported from the East Atlantic (Sanderson, 1930; Russel, 1953; Schuchert, 

2001; Greve et al., 2004; Nawrocki et al., 2009), the Mediterranean (Boero, 1993; Bouillon et al., 

2004) and the Black Sea (Thiel 1935 as referred in Russel, 1953). 

Apart from sexual reproduction, C. proliferum also shows asexual budding from the marginal 

tentacle bulbs (Russel, 1953). This characteristic was first described by Forbes (1848), who had 

never seen such a thing, which led to the following vivid description. ‘What strange and 

wondrous changes!’ he wrote, ‘Fancy an elephant with a number of little elephants sprouting 
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from his shoulders and thighs, bunches of tusked monsters hanging epaulette fashion from his 

flanks in every stage of advancement!’. 

This type of reproductive strategy allows quick increase in numbers, and might explain the 

higher abundance of C. proliferum as reported in this study. 

In this study, C. proliferum was found in July at the mid- and offshore sampling station. The 

occurrence of the species is in accordance with other studies (Russel, 1953; Schuchert, 2001), 

however its occurrence in the BPNS is much more limited in time. 

 

Obelia sp. Péron & Lesueur, 1810 

Obelia has a cosmopolitan distribution, and can be found at both coastal and offshore locations 

(Kramp, 1961). Obelia medusae differ from other medusae in their swimming mode, as 

movement is achieved by umbrella flapping and does not involve jet propulsion. Furthermore, in 

contrast to other Hydromedusae which are macrophagous, Obelia is a filter feeding medusa with 

a microphagous feeding strategy (Boero et al., 2007). It feeds on phytoplankton and bacteria by 

creating water currents via umbrella pulsations, which bring the food towards the mouth (Boero 

& Sarà, 1987; Boero et al., 2007). 

 

Four species of Obelia can be found in the BPNS: O. bidentata, O. dichotoma, O. geniculata and O. 

longissima. No description of these species was made by Russel (1953), because they are very 

small and identification is very difficult. Also in this study they were not distinguished from each 

other. Obelia sp. was mainly found in the midshore station, where it peaked in December, with 6 

ind. m-3. The species was never found nearshore, and numbers offshore were very low.  

This is in contrast to studies in 2009-2010 (Van Ginderdeuren et al., 2012b), when highest 

abundances were recorded nearshore, with maximum density at 104 ind. m-3. 

However, this is probably the cause of different sampling methods in both studies. The previous 

study used a sampling net with mesh size 200 µm, whereas in this study a sampling net with 

mesh size 1mm was used. Therefore, the small Obelia specimens would have collected more 

easily in the former net in comparison with the latter net, where specimens were more easily 

lost during sampling. 

 

Eucheilota menoni  Kramp 1959 or Lovenella assimilis  Browne, 1905  

As was mentioned before, a new species of gelatinous zooplankton was found during this study. 

Morphological identification point in the direction of Eucheilota menoni and Lovenella assimilis.  

Eucheilota menoni is a neretic species characteristic for Indo-Pacific waters, where it is widely 

distributed (Navas-Pereira & Vannucci, 1991; Santhakumari, 1993; Santhakumari & Nair, 1999; 
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Segura-Puertas et al., 2010). The species was first reported from the Atlantic in 2007, where it 

was found at the Basque coast in Spain. This introduction was presumably caused by polyps 

fouling on ships (Altuna, 2009). 

Lovenella assimilis is also typically found in the Indo-Pacific (Navas-Pereira & Vannuci, 1991). 

The species has not been reported for the Atlantic Ocean.  

Specimens in this study were preserved in formaldehyde, therefore no genetic analyses could be 

done. Genetic identification of the species will only be possible when fresh specimens are 

collected. 

 

Species diversity analyses 
 

To assess the species diversity at the different sampling locations, as well as during the different 

seasons, species diversity indices were calculated.  

Spatial analyses in diversity indices 

 

Diversity indices did not differ significantly between sampling locations for the total 

zooplankton dataset, the gelatinous zooplankton dataset nor the non-gelatinous zooplankton 

dataset. This indicates that the zooplankton assemblages found at each location are quite 

similar. The reason for this will be discussed in a following chapter (Community analyses), since 

these further analyses will provide the required insight to interpret these results. 

Temporal analyses in diversity indices 

 

The diversity indices calculated for the different seasons did show some significant differences. 

For the total zooplankton dataset, Pielou’s evenness, Shannon’s and Simpson’s index 

significantly differed between seasons. These three indices were highest during Spring and 

Summer, indicating that the zooplankton species diversity was highest during these seasons. 

This implies an indirect link with environmental factors such as temperature, oxygen or salinity. 

Furthermore, the individuals found during these seasons were more evenly distributed among 

the different species. These significant differences in diversity indices indicate that the 

zooplankton assemblages found each season do differ from each other. This pattern in temporal 

distribution will likely be controlled by biotic and abiotic variables. In a following chapter 

(Abiotic and Biotic variables influencing the temporal variation), the variables which explain this 

pattern will be discussed.  
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The diversity indices for gelatinous zooplankton for each season also showed significant 

differences, except for Shannon’s index.  Number of species (S) was highest during Summer and 

Autumn, with an average of  approximately eight gelatinous species. This again indicates a link 

between number of species and environmental factors e.g. temperature. The highest number of 

species in the North Sea was observed during Summer in a previous study (Van Ginderdeuren et 

al., 2012b). The total number of individuals was highest during Autumn, which is in accordance 

with other studies (Júnior et al., 2010). Pielou’s evenness was significantly higher during Spring, 

which was demonstrated in Figure 9. Again, this pattern in temporal distribution, shown by the 

diversity indices of gelatinous zooplankton will likely be controlled by biotic and abiotic 

variables. 

Non-gelatinous zooplankton diversity indices for each season showed significant differences for 

Pielou’s evenness index and Shannon’s index. These indices were significantly lower during 

Winter, indicating a link with environmental variables. 

 

Community analyses 
 
To analyse whether clustering of samples occurred due to a spatial factor ‘distance’ or a 

temporal factor ‘season’, multivariate MDS analyses were conducted. Where clustering was 

observed, a DISTLM and dbRDA analysis were executed to determine whether biotic or abiotic 

factors could explain this clustering. 

Analysing the community on a spatial scale 

 

To assess the spatial distribution of gelatinous zooplankton in the Belgian part of the North Sea, 

samples were taken at three different locations on a nearshore to offshore transect. The 

hypothesis was that gelatinous zooplankton shows an obvious pattern in spatial distribution. 

The MDS analysis rejects our first hypothesis and shows no clear pattern in spatial distribution 

of the gelatinous zooplankton dataset. (Figure 15). This is in accordance with recent work that 

examined the zooplankton community of the Belgian part of the North Sea on a nearshore-

midshore-offshore gradient (Van Ginderdeuren K., pers. com.). The study took into account two 

of Morin’s methods (1999, as referred in Van Hoey et al., 2004) to delineate communities: (1) 

taxonomically, by the identification of a dominant indicator species and (2) statistically, by 

patterns of assemblages among species. It was observed that most species were found along the 

entire gradient. Furthermore, copepod species were most important contributors to similarity 

for nearshore, midshore and offshore sample clusters. Therefore, well defined communities are 
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not present in the BPNS, but mesozooplankton in the BPNS all belongs to one coastal, well-mixed 

zooplankton assemblage.  

Environmental variables (temperature, salinity, oxygen, turbidity) do not differ a lot throughout 

the small BPNS, which suggests they cannot influence the spatial distribution of gelatinous 

zooplankton and create clear cut communities. Other studies which examine (1) extensive study 

areas, where a difference in environmental factors is observed, or (2) study areas that show 

abrupt boundaries in environmental variables (e.g. due to river or sewage outlets), show higher 

variation in environmental variables on a spatial scale. This could thus influence the spatial 

distribution of species and therefore create different communities. 

 

This research also showed that the same results are valid for the total zooplankton dataset, as no 

spatial pattern could be found. However, as was highlighted in section ‘Sample and data-

analyses’, it should be noted that due to data collection by WP3 net, the total zooplankton 

dataset does not exactly represent the smaller zooplankton present in the water column. Further 

research, with different nets (smaller net size), should therefore be done to better validate the 

total zooplankton distribution and confirm the research by K. Van Ginderdeuren. 

Analysing the community on a temporal scale 

 

To explore the temporal distribution of gelatinous zooplankton in the BPNS, monthly sampling 

was done from March 2011 to February 2012. It was hypothesised that the gelatinous 

zooplankton shows no pattern in its temporal distribution. This study showed that the 

gelatinous zooplankton peaks twice a year (Figure 4), once during Summer and once during 

Autumn. The first bloom follows a peak in smaller zooplankton, indicating a direct biological 

link, as many gelatinous zooplankton species feed on non-gelatinous zooplankton. The second 

bloom period however, is earlier than or coincides with the second peak in smaller zooplankton. 

This second bloom may therefore be more controlled by abiotic variables such as temperature 

and salinity. Our second hypothesis is therefore rejected, as a clear pattern in temporal 

distribution was observed.  

 

MDS analyses on the gelatinous zooplankton and total zooplankton assemblage (Figure 18 and 

Figure 17 respectively) showed clustering due to a factor ‘season’. This means that within every 

season, samples show a similar zooplankton species composition. Most of the zooplankton 

species of the North Sea show seasonal variations in their abundance (Fransz & Gonzalez, 2001; 

Halsband & Hirche, 2001; Barz & Hirche, 2007; Siegel et al., 2008). This might be expected for a 

temperate sea, with seasonal cycles in temperature and food supply in the form of 
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phytoplankton. Species do differ in the pattern of their seasonal cycle, which involves variations 

in cycle amplitude, timing and duration of the productive period (Fransz et al., 1991). 

Abiotic and biotic variables influencing the temporal variation 

 

MDS analyses showed clustering due to a factor ‘season’, and thus a pattern in the temporal 

distribution for both the total zooplankton and the gelatinous zooplankton dataset. Therefore a 

DISTLM and dbRDA analysis were conducted to examine which abiotic or biotic variables 

explained this temporal variation. 

 

Considerable research has been done on the role of environmental factors in defining temporal 

distributions of zooplankton (Gaughan & Potter, 1995; Purcell et al., 1999; Greve et al., 2001; 

Hall & Burns, 2003; Lynam et al., 2004). Most however focus only on the effects of temperature 

and salinity on the occurrence of zooplankton. 

 

In this study, DISTLM and dbRDA analyses were conducted to determine whether abiotic 

(environmental) or biotic factors had an influence on the seasonal changes in zooplankton 

distribution. Prior to the analyses, Draftsman plots indicated high correlation between certain 

variables. Secchi depth was strongly correlated with the variable ‘turbidity’. This relationship is 

logical, as Secchi depth is measured as proxy for turbidity. Furthermore, Secchi depth was also 

correlated with the variable ‘salinity’. Research has shown, that the higher the salinity, the 

greater the aggregation of suspended particles, and thus the settling velocity of these particles. A 

higher salinity therefore corresponds with higher clarity of the water and thus greater Secchi 

depth (Håkanson, 2006). At the end, ‘Secchi depth’ was removed from further analyses, because 

the measurement of this variable is more subjective than the measurement of turbidity and 

salinity by a CTD sensor. 

 

The analyses on the total zooplankton dataset showed that three environmental factors could 

best explain its variation. A combination of the variables temperature, salinity and turbidity 

explained 34% of the total observed variation in the zooplankton community during the year. No 

link with biotic variables (chlorophyll a, as proxy for primary production by phytoplankton) was 

found. 

Many studies have shown that temperatures are correlated with the seasonality of many 

zooplankton species. An increase in temperature can result in an increase in zooplankton 

densities (Gaughan & Potter, 1995; ). Furthermore, temperature is able to modify the beginning, 

end, length and intensity of the seasonality of zooplankton populations (Greve et al., 2001). It is 
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also known that temperature influences a lot of aspects of zooplankton physiology such as 

assimilation, growth, reproduction, excretion and respiration (Carlotti, 2000 as referred in 

Greve, 2001).  

Some research has been done on the influence of salinity on zooplankton densities (Gaughan & 

Potter, 1995). A change in salinity is able to change the dominance of species to those species 

with more or less tolerance to higher or lower salinity ranges (Hall & Burns, 2003). 

The influence of turbidity on zooplankton occurrence could be twofold. (1) Higher turbidity 

means less light in the water column for phytoplankton to grow (Cloern, 1987; Oliver et al., 

1999). This would therefore have a negative effect on the occurrence of zooplankton, as the 

latter would have no food resources. (2) Turbidity was measured in NTU, which shows a linear 

relationship with the amount of particles in the water column, this could also include 

phytoplankton particles. A higher turbidity and thus more phytoplankton could therefore have a 

positive effect on the occurrence of zooplankton, as the latter would have enough food 

resources. 

As our results indicate higher zooplankton densities during periods with higher turbidity values, 

we would likely agree with the second option. However, as we don’t know for certain what the 

turbidity measurements actually represent, we cannot be certain that the second option is valid. 

We can only guess that this option explains the relation between turbidity and total zooplankton 

distribution. 

Although many studies indicate a relationship between the distribution of zooplankton and the 

occurrence of phytoplankton (∼chlorophyll a) (Bode et al., 2005; Freund et al., 2006), no 

relationship between these factors was found in this study. However, as indicated in the section 

‘Environmental variables, chlorophyll a data showed a large error, as different satellites showed 

different values for the same location and time period. This could explain the fact that no 

relationship between temporal variation in zooplankton distribution and variation in 

chlorophyll a concentrations was found. 

 

Analysis of the gelatinous zooplankton showed that three abiotic (temperature, salinity and 

oxygen) and one biotic factor (non-gelatinous zooplankton density) best explained its variation. 

A combination of these variables explained 40% of the total observed variation in gelatinous 

zooplankton. 

For a number of gelatinous species, research has proven that temperature has an effect on their 

occurrence (Purcell et al., 1999; Woodmansee, 1958). This was explained by Russell in 1953 by 

asexual reproduction in medusa (Hydrozoa and Scyphozoa) being affected by temperature 

fluctuations. At the end of a cold period, numbers of medusae are high, as a rise in temperature 

stimulates the budding of their polyps. As water temperatures increase, sexual reproduction is 
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stimulated, which contributes to the presence of new polyps and the disappearance of the 

medusae. By the end of the warm period, water temperatures fall and an optimum for medusae 

production is again reached (Petrova et al., 2011). 

Little research has been done on the effect of salinity on the occurrence of gelatinous 

zooplankton. Purcell et al. (1999) however found that salinity significantly affects the production 

of ephyrae and polyps of Scyphozoa. This production was lower at both low and high salinities in 

comparison to intermediate salinities. 

The link between variation in gelatinous zooplankton and smaller zooplankton density is also 

easily explained, as a lot of gelatinous species predate on non-gelatinous zooplankton (Purcell, 

1985; Greene et al., 1986; Daan, 1989). 

Little literature was found on the effect of oxygen on the temporal variation of gelatinous 

zooplankton. Research on Chrysaora quinquecirrha examined the effect of low Dissolved Oxygen 

(DO) on the survival and asexual reproduction of its polyps (Condon et al., 2001). Results 

showed that polyps could survive and asexually propagate even during hypoxic conditions, 

which would indicate that the temporal distribution of this species is not affected by oxygen 

concentrations. An indirect effect of low DO (<2 mg/l) are changes in behaviour (Decker et al., 

2004). Gelatinous and non-gelatinous species differ in their physiology and oxygen demand, 

which affects their predatory or escape capabilities at low DO differently. Therefore, it is 

possible that gelatinous zooplankton may increase their prey consumption, as the changes in 

prey behaviour make the latter more susceptible to predation. Decker et al. (2004) showed that 

predation on copepods by large M. leidyi was increased at low DO. Breitburg et al. (1994) 

reported greater predation by Chrysaora quinquecirrha medusae feeding on fish larvae at low 

DO.  

Although gelatinous zooplankton densities recorded in this study were higher in months with 

lower oxygen concentrations (6-10 mg/l), the low oxygen concentrations as were recorded for 

previous studies (Decker et al, 2004; Breitburg et al, 1994: < 2mg/l) were never measured in 

this study. We should therefore not presume that this phenomenon is also applicable to our 

dataset, and would consequently explain the temporal variation found in the present study. 

We should be aware of this phenomenon in the future, as oxygen concentrations will 

presumable decrease due to global warming (Kennedy, 1990 as referred in Decker et al., 2004; 

Shaffer et al., 2009) and excess nutrient loadings (Boesch et al., 2001; Rabalais et al., 2002; Diaz, 

2008). To conclude, we are not sure what the effect of oxygen on the temporal variation of 

gelatinous species is. It could be a phenomenon as described above, an effect which is not yet 

described or examined in research, or a factor that correlates with oxygen, but was not 

measured during this study.  
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To check the overall adequacy of the models generated in this study and described above, PCO 

plots for gelatinous and total zooplankton dataset (Figure 22 and Figure 24, respectively) were 

made to compare with the dbRDA plots (Figure 21 and Figure 23, respectively). It is clear that 

the patterns shown in the dbRDA and PCO plots are quite different, which indicates that the 

dbRDA models are not explaining the most salient patterns of variation across the data clouds. 

Therefore, there are likely to be some structuring factors which were not measured, but do play 

an important role in explaining variation. These could include currents, but also biological 

variables such as predation and competition. 

For example, currents produced by the North Atlantic Oscillation (NAO), are known to influence 

the inter-annual variability in gelatinous zooplankton abundance (Lynam et al., 2004; Purcell, 

2005; Hays et al., 2005). The NAO is a phenomenon in the North Atlantic Ocean which is 

controlled by differences in atmospheric pressure between the low-pressure system above 

Iceland, and the high-pressure system above the Azores. This pressure difference is defined in an 

NAO-index and controls the mean wind speed and direction (and thus currents) over the 

Atlantic (Hurrel et al, 2003). A high index (NAO+) leads to increased Westerlies (prevailing 

winds between 30 and 60° latitude blowing from west to east) and thus currents to the east of 

the Atlantic. A low index (NAO-) suppresses these Westerlies (Hurrel et al., 2001; Hurrel et al., 

2003). 

The NAO has significantly been related to changes in sea level pressure, wave heights, sea 

surface temperature, surface winds and current influxes into the North Sea (Beaugrand, 2003). 

These hydroclimatic changes can alter the timing of spring phytoplankton and zooplankton 

blooms, which can affect gelatinous zooplankton abundances (Lynam et al., 2004). However, 

there is disagreement on the correlation between the NAO-index and gelatinous zooplankton 

abundance, as some studies report a positive correlation (Attril et al., 2007) while others report 

a reverse relationship (Lynam et al., 2004; Purcell & Decker, 2005).  
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Conclusions 
 

This study presents a quantitative research on gelatinous zooplankton in the Belgian part of the 

North Sea. The aims of this study were (1) to assess the spatial distribution of gelatinous 

zooplankton in the BPNS, (2)  to determine the temporal distribution of gelatinous zooplankton 

in the BPNS and (3) to discuss the position of gelatinous zooplankton within the entire 

zooplankton assemblage found in the BPNS.  

Hypotheses put forward are: (1) gelatinous zooplankton shows an obvious pattern in spatial 

distribution in the BPNS, (2) gelatinous zooplankton shows a uniform temporal distribution 

throughout the year (3) gelatinous zooplankton are never the most abundant component within 

the total zooplankton community. 

During this study, 37 gelatinous zooplankton taxa of which 25 identified to species level were 

found at three different locations in the BPNS. A new species of gelatinous zooplankton for 

Belgium was recorded. Morphological identifications point in the direction of Eucheilota menoni 

and Lovenella assimilis, both members of the Lovenellidae family. Genetic analysis will be 

conclusive and confirm the identification to one of these two species. 

 

A spatial pattern in the gelatinous zooplankton distribution could not be determined. This rejects 

our first hypothesis and contributes to the idea of one, well-mixed zooplankton assemblage in 

the BPNS.  

Gelatinous zooplankton did show a pattern in temporal distribution. Two bloom periods were 

recorded during the year, in Summer and in Autumn. During those seasons gelatinous 

zooplankton played was dominant within the total zooplankton assemblage. The first bloom 

period followed a bloom in non-gelatinous zooplankton. This could indicate a direct biological 

link, as gelatinous zooplankton are known to predate on non-gelatinous zooplankton species. 

The second bloom began earlier or coincided with a second bloom in non-gelatinous 

zooplankton. This bloom might therefore be linked to other biotic or abiotic factors. This 

temporal distribution therefore rejects our second hypothesis – that gelatinous zooplankton 

shows a uniform temporal distribution throughout the year. Our third hypothesis – that 

gelatinous zooplankton are never the most abundant component within the total zooplankton 

community– is rejected. However, more research (i.e. experimental) will have to be conducted to 

determine the role of gelatinous zooplankton within the zooplankton assemblage. 

Multivariate analyses were done to examine which factors best explained the temporal variation 

in the total zooplankton and the gelatinous zooplankton community. A combination of 

temperature, salinity and turbidity explained 34% of the variation in total zooplankton 

distribution. Temperature is known to modify the seasonality of zooplankton populations and 
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salinity can change the dominant species within a community. The influence of turbidity can be 

twofold. It’s influence could be indirect or direct, depending on either the amount of suspended 

particles or phytoplankton in the water column. 

A combination of temperature, oxygen, salinity and smaller zooplankton density explained 40% 

of the observed temporal variation in gelatinous zooplankton. Temperature and salinity are 

known to influence the reproduction in gelatinous zooplankton. Smaller non-gelatinous 

zooplankton is a food source for gelatinous zooplankton, which easily explains their link. The 

influence of oxygen was not clear, and could indirectly be affected by the mobility of the prey 

gelatinous zooplankton or due to a factor which correlates with oxygen, but was not measured 

during this study. 

The above models only explained a low percentage of the variation in both the total and the 

gelatinous zooplankton datasets. Therefore, there are presumably some structuring factors 

which were not measured, but do play an important role in explaining variation, which could 

include currents, but also biological variables such as predation and competition.  

During this study, the spatial distribution of gelatinous zooplankton was shown to be 

homogeneous. Two blooms throughout the year were identified with partially known causes and 

the gelatinous zooplankton was found to be the most abundant component within the total 

zooplankton population during these blooms.  
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Summary 
 
Recently, various authors have suggested that we are heading toward a more gelatinous future. 

The possible causes are human-mediated and include overfishing, eutrophication, translocation, 

habitat modification and climate change. Other authors however claim that blooms are not a 

new phenomenon but have ancient origins. Despite both visions, we do know for certain that 

jellyfish populations are changing, and therefore it is important to monitor their distribution. 

For this study, the term ‘gelatinous zooplankton’ is used to refer to the planktonic members of 

the phylum Ctenophora and the medusae of the phylum Cnidaria (hydromedusae and 

scyphomedusae. The Belgian Register of Marine Species (BeRMS3) reports 39 different 

gelatinous  zooplankton species the Belgian part of the North Sea (BPNS). This includes three 

species of Ctenophora, six species of Scyphozoa and 30 species of Hydrozoa. 

Limited quantitative research on gelatinous zooplankton has been done before on a regular 

basis for the BPNS. Therefore, it is not known when, where and in which densities these 

gelatinous zooplankton species occur. The aim of this study was to monitor the spatial and 

temporal distribution of these gelatinous zooplankton species in the BPNS. The proposed 

hypotheses were: (1) gelatinous zooplankton shows an obvious pattern in spatial distribution in 

the BPNS, (2) gelatinous zooplankton shows a uniform temporal distribution throughout the 

year (3) gelatinous zooplankton are never the most abundant component within the total 

zooplankton community. 

To determine both the spatial and the temporal distribution of the gelatinous zooplankton, 

monthly samples were taken from March 2011 to February 2012 on board research vessel 

‘Zeeleeuw’. Three locations, on a nearshore to offshore transect, were sampled: station W04 

near ‘Vlakte van de Raan’, station W07 at the ‘Thornton’ sand bank and station W09 north of the 

‘Hinderbanken’. Gelatinous zooplankton was sampled using a WP3 net. The macroscopically 

visible Scyphozoa and Ctenophora were identified and measured on board. The remaining 

content of the replicates was preserved at 4% buffered formaldehyde solution, for further 

examination at the laboratory. 

At each sampling location the transparency was determined by means of a Secchi disc. CTD-

sensors were used to measure temperature, oxygen, salinity and turbidity at different depths. By 

means of satellites, the chlorophyll a concentrations were determined, as proxy for the primary 

production by phytoplankton. 

Using a stereo microscope, the gelatinous zooplankton was identified to the lowest taxonomic 

level possible. Furthermore, all non-gelatinous zooplankton species found in the samples were 

counted and classified on a higher level of classification. 
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This study revealed 37 gelatinous zooplankton taxa (25 identified to species level) and 25 taxa 

of non-gelatinous zooplankton were found.  

A new species of gelatinous zooplankton for Belgium was recorded. Morphological 

identifications point in the direction of Eucheilota menoni or Lovenella assimilis, both members 

of the Lovenellidae family. However, the identity of the species could not be determined during 

this study based on morphology, due to high resemblance. Genetic analysis will be conclusive 

and confirm the identification to one of these two species. In addition, sample analyses also 

revealed new recordings of the larval stages of Rissoides desmaresti since the early 1900’s. 

 

Replicate analyses showed high similarity coefficients (70-90%), indicating that samples 

analysed in this study explained the spatial and temporal patterns well. However, absent time 

constraints, more replicates would have been worked out to improve the accuracy of the results. 

Further analyses were done to examine spatial and temporal distributions. Univariate and 

multivariate analyses showed no obvious pattern in spatial distribution, contributing to the 

assumption that the small Belgian part of the North Sea shares one zooplankton community. 

This therefore rejects our first hypothesis, that the gelatinous zooplankton of the BPNS show an 

obvious pattern in its spatial distribution. 

A pattern could be observed in the temporal distribution for the gelatinous zooplankton.  Two 

blooms were recorded: in July and November (near- and midshore) and October and December 

(offshore). During these blooms, gelatinous zooplankton was a dominant component within the 

zooplankton community, reaching higher densities (up to 103 ind. m-3). The first bloom followed 

a peak in smaller zooplankton, indicating a direct biological link, as many gelatinous 

zooplankton species feed on non-gelatinous zooplankton. The second bloom period however, 

was earlier than, or coincided with, the second peak in smaller zooplankton. This second bloom 

may therefore be more controlled by abiotic variables as temperature and salinity. Our second 

hypothesis - that gelatinous zooplankton shows a uniform temporal distribution throughout the 

year - is therefore rejected. Our third hypothesis - gelatinous zooplankton are never the most 

abundant component within the total zooplankton community -  is rejected. However, more 

research (i.e. experimental) should be done to determine the role of gelatinous zooplankton 

within the zooplankton assemblage. 

 

Furthermore, a Distance-based Linear Model and distance-based Redundancy Analysis was done 

to examine which abiotic and biotic variables explained this temporal variation in both the total 

zooplankton and the gelatinous zooplankton distribution. Output of these analyses showed that 

a combination of temperature, salinity and turbidity explained 34% of the variation in total 
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zooplankton distribution. Temperature is known to modify the seasonality of zooplankton 

populations and salinity can change the dominant species within a community. The influence of 

turbidity can be twofold. It’s influence could be indirect or direct, dependent on whether the 

measurement represented the amount of suspended particles or phytoplankton in the water 

column. 

A combination of temperature, oxygen, salinity and smaller zooplankton density explained 40% 

of the observed temporal variation in gelatinous zooplankton. Temperature and salinity 

influence the reproduction in gelatinous zooplankton. Smaller zooplankton is a food source for 

gelatinous zooplankton, which easily explains their link. The influence of oxygen was not clear, it 

could be indirect by affecting the mobility of its prey or due to a factor that correlates with 

oxygen, but was not measured during this study. 

The above models only explained a low percentage of the variation in both the total and the 

gelatinous zooplankton datasets. Therefore, there are likely some structuring factors which were 

not measured, but do play an important role in explaining variation, which could include 

currents, but also biological variables such as predation and competition.  
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Samenvatting 
 

Kwallen nemen wereldwijd toe, wat er toe leidt dat verschillende auteurs de voorbije jaren 

aankondigden dat onze toekomst er “geleiachtig” zal uitzien. Mogelijke oorzaken hiervan lijken 

door de mens geïnitieerd te zijn (e.g. overbevissing, eutroficatie, translocatie, habitat modificatie 

en klimaatsverandering). 

Anderen echter beweren dat bloeien van kwallen geen nieuw fenomeen zijn, maar dat ze een 

historische oorsprong hebben. Ondanks deze beide visies is wel zeker dat kwallen populaties 

momenteel aan het veranderen zijn, en daarom is het belangrijk dat we hun verspreiding 

onderzoeken. 

Voor deze studie wordt de term ‘gelatineus zoöplankton’ gebruikt als referentie naar de 

planktonische vertegenwoordigers van het phylum Ctenophora en de medusen (kwallenstadia) 

van het phylum Cnidaria (hydromedusae en scyphomedusae).  

Het Belgische Register voor Mariene Soorten (BeRMS4) omschrijft 39 verschillende gelatineuze 

zoöplankton soorten in het Belgische deel van de Noordzee. Deze omvatten drie soorten 

Ctenophora, zes soorten Scyphozoa en 30 soorten Hydrozoa.  

Voor het BDNS was kwantitatief onderzoek naar het gelatineuze zooplankton beperkt. Het doel 

van dit onderzoek is om de ruimtelijke en temporele verspreiding van het gelatineus 

zoöplankton in het Belgische deel van de Noordzee (BDNZ) na te gaan. De vooropgestelde 

hypotheses zijn: (1) het gelatineus zoöplankton vertoont een duidelijk patroon in ruimtelijke 

verspreiding in het BDNZ, (2) het gelatineus zoöplankton vertoont een uniforme temporele 

verspreiding tijdens het jaar, (3) het gelatineus zoöplankton is nooit het meest abundant deel 

van de totale zooplankton gemeenschap. 

Om zowel de ruimtelijke als temporele verspreiding van het gelatineus zoöplankton na te gaan 

werden maandelijkse staalnames uitgevoerd van maart 2011 tot februari 2012. Drie locaties, op 

een transect van kust tot offshore, werden bemonsterd: station W04 aan de Vlakte van de Raan, 

station W07 bij de Thornton zandbank en station W09 gelegen ten noorden van de 

Hinderbanken. Bemonsteringen werden uitgevoerd vanop het onderzoeksschip ‘De Zeeleeuw’. 

Gelatineus zoöplankton werd bemonsterd m.b.v. een WP3 net. De macroscopisch zichtbare 

Scyphozoa en Ctenophora werden aan boord geïdentificeerd, omwille van hun slechte 

preservatie in standaard preservatie middel. De resterende inhoud van de replicaten werd 

gepreserveerd op 4% gebufferde formaldehyde oplossing, voor verdere analyse in het lab. 

Op elke locatie werd de transparantie van de waterkolom bepaald m.b.v. een Secchi schijf. CTD-

sensoren bepaalden de temperatuur, zuurstof concentratie, turbiditeit en saliniteit op 
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verschillende dieptes. Verder werd a.d.h.v. satelliet data de chlorofyl a concentraties bepaald als 

maat voor de primaire productie door fytoplankton. 

Met behulp van een stereo microscoop werd het gelatineus zoöplankton geïdentificeerd tot op 

het laagst mogelijke taxonomische niveau. Verder werd ook het non-gelatineus zoöplankton 

geteld en geclassificeerd tot op een hoger niveau van classificatie. 

 

Tijdens dit onderzoek werden 37 gelatineuze zoöplankton taxa gevonden, waarvan 25 

geïdentificeerd konden worden tot op soort niveau. Verder werden ook 25 non-gelatineus 

zoöplankton taxa uit diezelfde stalen geïdentificeerd.  

Deze studie onthulde een nieuwe soort gelatineus zoöplankton voor België. Morfologische 

identificatie stuurt ons in de richting van Eucheilota menoni of Lovenella assimilis, beide leden 

van de familie Lovenellidae. De identiteit van de soort kon tijdens deze studie echter niet 

bepaald worden omdat de morfologische verschillen tussen beide soorten moeilijk te 

onderscheiden zijn, en geen vers materiaal aanwezig was voor genetisch onderzoek. Verder 

onthulden de analyses de herontdekking van de larvale stadia van Rissoides desmaresti, hier niet 

meer waargenomen sinds het begin van de 20e eeuw. 

Analyses van de replicaten toonden hoge similariteitscoëfficienten (70-90%), wat aantoont dat 

de stalen die geanalyseerd werden tijdens deze studie de ruimtelijke en temporele patronen 

goed weergeven. Echter, als tijd geen limitatie was geweest, zouden meer replicaten uitgewerkt 

zijn om de accuraatheid van de resultaten de verbeteren. 

Verdere analyses werden uitgevoerd om ruimtelijke en temporele verspreidingen na te gaan. 

Univariate en multivariate analyses toonden geen duidelijk patroon in ruimtelijke verspreiding 

aan, bijdragend aan de assumptie dat dit kleine gedeelte van de Noordzee één zoöplankton 

gemeenschap deelt. Hierbij is onze eerste hypothese, dat het gelatineus zoöplankton vertoont 

een duidelijke ruimtelijke verspreiding in het BDNZ, dus verworpen. 

Een patroon in de temporele verspreiding van gelatineus zoöplankton kon wel worden 

waargenomen. Twee bloeien in gelatineus zoöplankton werden waargenomen: in juli en 

november t.h.v. de kust en de ‘midshore’ en in oktober en december op de offshore locatie. 

Tijdens deze bloeien was het gelatineus zoöplankton zeer dominant in de zoöplankton 

gemeenschap, met hoge densiteiten (tot 103 ind. m-3). De eerste bloeiperiode volgde op een piek 

in kleiner zooplankton, wat een directe biologische link suggereert, aangezien veel gelatineuze 

zooplankton soorten zich voeden met non-gelatineus zooplankton. De tweede bloei periode 

daarentegen, begon vroeger dan, of viel samen met, de tweede piek in kleiner zooplankton. Deze 

tweede bloei periode zal daardoor eerder gecontroleerd worden door abiotische variabelen 

zoals temperatuur en saliniteit. Onze tweede hypothese, dat het gelatineus zoöplankton een 

uniforme temporele verspreiding tijdens het jaar vertoont, is hierbij dus verworpen. Onze derde 
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hypothese, dat het gelatineus zoöplankton is nooit het meest abundant binnen de totale 

zooplankton gemeenschap, is hierbij verworpen. Meer onderzoek (o.a. experimenteel) zal echter 

uitgevoerd moeten worden om de rol van het gelatineus zooplankton binnen de zooplankton 

gemeenschap te achterhalen. 

 

Verder werd een “Distance-based Linear Model” (DISTLM) en “distance-based Redundancy 

Analysis” (dbRDA) uitgevoerd om te bepalen welke abiotische of biotische variabelen de variatie 

in de verspreiding van gelatineus en non-gelatineus zoöplankton kon verklaren. Deze analyses 

toonden aan dat een combinatie van temperatuur, saliniteit en turbiditeit 34% van de variatie in 

totale zoöplankton distributie kon verklaren. Temperatuur kan de seizoenaliteit van 

zoöplankton aanpassen en saliniteit kan de dominante soorten binnen een gemeenschap 

veranderen. Turbiditeit zou de verspreiding op twee manieren kunnen verklaren, op een direct 

of directe manier, afhankelijk van de metingen van de hoeveelheid opgelost materiaal of 

fytoplankton in de waterkolom.  

Een combinatie van temperatuur, zuurstof, saliniteit en de densiteit aan kleiner zoöplankton 

konden 40% van de totaal geobserveerde variatie in gelatineus zoöplankton verklaren. 

Temperatuur en saliniteit beïnvloeden de reproductie in gelatineus zoöplankton. Er is een 

directe link tussen gelatineus en kleiner zoöplankton, want laatstgenoemde is een voedselbron 

voor het eerste. De invloed van zuurstof is niet duidelijk, het kan indirect zijn doordat het de 

beweeglijkheid van prooisoorten beïnvloedt of ten gevolge van een factor gecorreleerd aan 

zuurstof, maar die niet gemeten werd tijdens deze studie. 

Er dient opgemerkt te worden dat de modellen hierboven maar een klein percent van de totaal 

geobserveerde variatie in zowel de totale als de gelatineuze zoöplankton dataset konden 

verklaren. Daarom lijkt het waarschijnlijk dat andere structurerende factoren, die niet gemeten 

werden, ook een belangrijke rol spelen om de variatie te verklaren, zoals stromingen, maar ook 

biologische variabelen zoals predatie en competitie. 
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Appendix 
 

Table 12. List of non-gelatinous taxa found in the Belgian part of the North Sea  in the period March 2011 - 
February 2012. 

Phylum Arthropoda 

  Subphylum Crustacea 

    Class Malacostraca 

      Order Decapoda 

          Brachyura zoea 

          Brachyura megalopa 

          Decapoda larva (Caridae zoea, Caridae       

               megalopa, Hermit megalopa, Porcellana      

               zoea,  Anomura sp.) 

         Decapoda adult (Crangon crangon) 

      Order Cumacea 

          Cumacea sp. 

      Order Amphipoda 

         Hyperia galba 

         Pariambus typicus  

         Phtisica marina 

          Amphipod sp. 

      Order Isopoda 

          Isopoda sp. 

      Order Mysida 

          Mysida sp. 

      Order Cumacea 

          Cumacea sp. 

      Order Euphausiacea 

          Euphausiacea sp. 

      Order Stomatopoda 

         Rissoides desmaresti 

 

    Class Polychaeta 

          Polychaeta sp. 

          Tomopteris helgolandica 

    Class Maxillopoda 

          Copepoda sp. 

 

Phylum Chaetognatha  

          Chaetognatha sp. 

 

Phylum Chordata 

    Superclass Pisces 

          Pisces larva 

          Pisces egg 

          Syngathus rostellatus 

 

Phylum Echinodermata 

      Order Ophiurida 

          Ophiura sp. 

     Subphylum Tunicata 

          Tunicata sp. 

 

Phylum Mollusca 

          Cephalochordata sp. 

          Mollusca sp. 
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Table 13. List of 37 gelatinous zooplankton taxa found in the Belgian part of the North Sea  in the period 
March 2011 - February 2012. 

Cnidaria 

  Scyphozoa 

    Order Semaeostomeae 

         Ephyra sp. 

      Family Cyaneidae 

        Cyanea lamarckii Péron & Lesueur, 1810  

      Family Ulmaridae 

        Aurelia aurita (Linnaeus, 1758)  

     Family Pelagiidae 

        Chrysaora hysoscella (Linnaeus, 1767) 

 

Cnidaria 

  Hydrozoa 

         Hydromedusa sp. 

   Subclass Hydroidolina 

    Order Anthoathecata 

         Anthomedusa sp. 

      Family Pandeidae 

        Amphinema dinema (Péron & Lesueur, 1810) 

        Leuckartiara octona (Fleming, 1823) 

      Family Bougainvilliidae 

        Nemopsis bachei L. Agassiz, 184 

        Bougainvilla sp. 

      Family Margelopsidae 

        Margelopsis haeckeli (Hartlaub, 1897) 

      Family Rathkeidae 

        Rathkea octopunctata (M. Sars, 1835)  

      Family Corynidae 

        Codonium proliferum (Forbes, 1848) 

        Corynidae sp. 

      Family Hydractiniidae 

        Hydractinia carnea (M. Sars, 1846) 

      Family Tubulariidae 

        Ectopleura dumortierii (Van Beneden, 1844) 

      Family Corymorphidae 

        Euphysa sp. 

 

    Order Leptothecata 

        Leptomedusa sp. 

      Family Campanulariidae 

        Clytia hemisphaerica (Linnaeus, 1767)  

        Obelia sp. 

        Campanulariidae sp. 

      Family Lovenellidae 

        Eucheilota maculata Hartlaub, 1894  

        Eucheilota menoni A. Agassiz, 1862 

      Family Eirenidae 

        Eutima gracilis (Forbes & Goodsir, 1853)  

        Eutima gegenbauri (Haeckel, 1864) 

        Eutima sp. 

        Eutonina indicans (Romanes, 1876)  

        Eirene viridula (Péron & Lesueur, 1809) 

        Eirenidae sp. 

      Family Laodiceidae 

        Laodicea undulata (Forbes & Goodsir, 1853) 

      Family Aequoreidae 

        Aequorea vitrina Gosse, 1853 

        Aequorea sp. 

      Family Phialellidae 

        Phialella quadrata (Forbes, 1848) 

 

   Subclass Trachylinea 

    Order Limnomedusae 

     Family Olindiasidae 

        Gossea corynetes (Gosse, 1853) 

Cnidaria 

  Ctenophora 

    Order Beroida 

      Family Beroidae 

        Beroe gracilis (Künne, 1939) 

      Family Bolinopsidae 

        Mnemiopsis leidyi (A. Agassiz, 1865) 

      Family Pleurobrachiidae 

        Pleurobrachia pileus (O. F. Müller, 1776)  
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Table 14. Resemblance of temperatures (°C) during January and February of 2011 and 2012. All sampling stations show 
higher temperatures in 2012, with exception of sampling station W04 in February. 

 

Figure 25. Draftsman plot with the transformed environmental variables. Secchi-depth and turbidity were log-
transformed and show no more right-skewness. 

 

 

Figure 26. Marginal test results of DISTLM for zooplankton data using transformed environmental variables. 

W04 W07 W09

January 2011 3.4 4.3 6.4

January 2012 7.5 8.59 9.26

February 2011 4 4.6 5.8

February 2012 2.4 5.6 7.11
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Figure 27. Results of DISTLM for total zooplankton data using the 'Best' selection procedure based on the AIC 
and BIC selection criteria. 

 

Figure 28. Scatterplot which shows the top ten models of the AIC and BIC values for the total zooplankton 
dataset. 

 

Figure 29. Output file from the dbRDA analysis on the total zooplankton dataset. 
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Figure 31. Draftsman plots for the transformed  environmental variables that may have an influence on the temporal 
variation in gelatinous zooplankton.  Secchi depth, turbidity and non-gelatinous zooplankton density are log-
transformed. 

  

Figure 30. Draftsman plots for the untransformed  enviromental variables that may have an influence on the 
temporal variation in gelatinous zooplankton.  Secchi depth, turbidity and non-gelatinous zooplankton density 
show right-skewness and therefore have to be transformed.  
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Figure 32. Results of DISTLM for gelatinous zooplankton data using the 'Best' selection procedure based on the AIC and 
BIC selection criteria. 

 

Table 15.  Correlation matrix for the transformed environmental variables which may influence the temporal variation gelatinous zooplankton. 
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Figure 33. Scatterplot which shows the top ten models of the AIC and BIC values for the gelatinous zooplankton dataset. 

 

Figure 34. Output file from the dbRDA analysis on the gelatinous zooplankton dataset. 
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