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Abstract  
 

The retreat of glaciers, melting of permafrost, and increased riverine runoff influence Arctic 

fjords and their physical and biological environment, but to which extent is poorly known. In 

this study, I determined the impact of glacial and riverine inputs on the Arctic zooplankton 

community composition in the largest fjord system in Svalbard, Isfjorden, at 78°North. The 

physical (temperature, salinity, turbidity, Secchi depth) and biological (chlorophyll a) 

environment were carefully studied seasonally and spatially from the start to the outer end of 

the three fjord arms of Isfjorden: Billefjorden, Tempelfjorden, and Adventfjorden in May, June 

and August 2018. The most prominent spatial and seasonal pattern across all fjords was the 

high contribution of meroplankton to the total zooplankton community. High total (~14.000 

ind. m-3) and relative abundance (>50%) of meroplankton were documented at the innermost 

sites in May, which decreased along the salinity gradient from inner to outer. Meroplankton 

also showed a clear seasonal shift from cirriped nauplii and cypris in May and June, to bivalve 

veliger in August. Holoplankton shifted from copepodite stages and adult larger sized 

copepods, Calanus spp. in particular, in May and June, to a dominance of the smaller cyclopoid 

copepod Oithona similis in August. In addition, copepod nauplii dominated at the innermost 

sites in May relative to the total holoplankton (~70%) and decreased along the salinity gradient 

from inner to the outer fjord. The trophic modes of zooplankton did not show any clear spatial 

pattern but shifted seasonally from predominantly herbivores in May to omnivores to August. 

The zooplankton biomass did not show any significant differences between the months, nor the 

habitats. However, the species diversity increased from inner to outer in all three months, 

presumably affected by environmental stress at the innermost sites. By implementation of 

ordination methods, seasonality was identified as the most important driver of the zooplankton 

communities, where temperature, salinity, and light availability was shown to explain the most 

variation. The study also supported that terrestrial input has an impact on the zooplankton 

communities, in accordance with previous research.  The study of zooplankton in coastal areas 

helps to understand the undergoing changes in these ecosystems. In order to gain more 

knowledge on future changes in the Arctic, future studies highlighting these subjects are 

recommended.   
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 1. Introduction 
 

1.1 Arctic fjords in change 
 

Land to sea interactions 

Coastal areas are shaped by different terrestrial and freshwater sources such as melting 

permafrost, rivers, or glaciers. Riverine inputs thus bridge terrestrial and marine ecosystems 

(Carmack, Winsor, and Williams 2015; Arimitsu, Piatt, and Mueter 2016). Riverine run-off, as 

well as permafrost thaw, can cause higher turbidity and increased levels of colored dissolved 

organic matter (DOM) and thus poorer light conditions, but also increased supply of nutrients 

(Carmack, Winsor, and Williams 2015). In regions where glaciers cover coastal landmasses, 

this interaction between land and sea can also be influenced by glacial input, which will differ 

depending on whether glaciers end on land or in the sea (Meire et al. 2017; Hopwood et al. 

2019). Melting of glaciers causes freshwater and nutrient input, but also often a heavy load of 

clay particles promoting turbidity and light attenuation (Forwick et al. 2010; Calleja et al. 2017). 

It has also been suggested that marine-terminating glaciers influence the hydrography, e.g. by 

impacting the upwelling of nutrient-rich water (Meire et al. 2017; Hopwood et al. 2019).  

 As a consequence of nutrient input from land, such as silicate and iron, primary 

production is often found to be high in coastal areas (Cloern, Foster, and Kleckner 2014; Cape 

et al. 2019). This may also increase productivity in typically low productive areas due to the 

advection of high-nutrient water masses (Grebmeier et al. 2006). Similarly, glacial influence, 

such as direct nutrient input and impact the from upwelling of nutrient-rich water, has been 

shown to enhance primary production (Calleja et al. 2017; Meire et al. 2017).  

  

Climate change in the Arctic: Implications for the land-sea interactions 

The Arctic is particularly impacted by climate change, warming twice as fast as the global 

average (Overland et al. 2019). Increased temperatures will subsequently lead to stronger near-

surface permafrost thaw in coastal areas and increased glacier melt, which in turn increases 

riverine input and sediment transport (Adakudlu et al. 2019; McGovern et al. 2019). These 

changes impact the physical and biological environmental factors (Svendsen et al. 2002; 

Węsławski et al. 2017). The disappearance of coastal sea ice will enhance the primary 

production, as well as the productive season, which will be prolonged (Kahru et al. 2016).  



 2 

 Even though primary production may be favored by an increase of meltwater induced 

nutrients (Juul-Pedersen et al. 2015; Arendt et al. 2016), there are contrasting views on this, and 

studies report adverse effects for a number of reasons (Li et al. 2009; Holding et al. 2019). For 

example, higher turbidity in coastal areas may decrease the primary production due to less light 

penetrating the water column (Carmack, Winsor, and Williams 2015). Environmental changes 

due to glacial and riverine run-off have shown to explain the variation in phytoplankton 

abundance (Arimitsu, Piatt, and Mueter 2016) and promote smaller cells in favor of large cells 

(Li et al. 2009; Middelbo et al. 2018). 

 These changes have potentially contradictory implications for ecosystems in these 

nearshore regions. Pronounced small scale heterogeneity, in addition to difficulties with 

accessibility of these high-Arctic coastal environments, leaves them greatly understudied to 

date. More knowledge is, thus, needed to determine the terrestrial impact on Arctic coastal 

ecosystems.  

 

1.2 Zooplankton in Arctic fjords 
 

Zooplankton are the prime secondary producers and thus comprise the key trophic link between 

primary producers and higher trophic levels in marine ecosystems (Kaiser et al. 2011; Slagstad, 

Ellingsen, and Wassmann 2011). Zooplankton were originally defined as passively drifting 

organisms with no ability to swim or move actively (Hensen 1887). Many zooplankton species 

are, however, capable of regulating their bouyancy and thus their vertical position, in addition 

to drifting with water masses (Munk, Nielsen, and Hansen 2014). Vertical migration makes 

them able to optimize their food uptake in the water column and minimize their risk of predation 

(Hays 2003; Pearre 2003). Zooplankton includes a large and diverse group of organisms, 

varying in size, commonly divided into pico- and microzooplankton (20-200 µm), 

mesozooplankton (0.2	µm -20 mm), and megazooplankton (>200 mm). In addition to a wide 

range of size classes, zooplankton includes several taxonomic and functional groups (Kaiser et 

al. 2011). 

 Arctic zooplankton comprises more than 170 species of metazoan zooplankton 

(Kosobokova, Hopcroft, and Hirche 2011). In the Arctic Ocean, crustaceans are highest in 

species number, where copepods are the most diverse group represented by more than 50% of 

all Arctic zooplankton species, as well as dominating in terms of biomass and abundance 

(Sirenko 2001). The strong seasonality at high latitudes in terms of light, ice cover, and thus 
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the narrow window of primary production influences the abundance and succession of Arctic 

zooplankton (Søreide et al. 2010; Leu et al. 2011). 

 Calanus spp. are regarded to be a key species in the Arctic pelagic lipid-based food web 

(Falk-Petersen, Hopkins, and Sargent 1990). Their life cycle and reproduction are timed to the 

algal food availability (Søreide et al. 2010). In spring, nauplii and overwintering adults ascend 

from the deeper water layers, whereas more developed copepodite stages dominate later in the 

summer and fall (Daase et al. 2013). Several studies also highlight the importance of small 

copepods, such as Oithona similis, Pseudocalanus spp. or Microcalanus spp., and suggest that 

they tend to be overlooked in the marine ecosystem, but are equally important as larger species 

(Blachowiak-Samolyk et al. 2007; Svensen et al. 2011; Arendt et al. 2016). Following the 

descend of the larger seasonal migratory copepods in late summer/autumn, smaller copepod 

species becomes important (Svensen et al. 2011). Pelagic larvae of benthic organisms, 

meroplankton, enters the plankton only during certain life stages, in contrast to holoplankton, 

that inhabit the pelagic environment their entire life cycle (Stübner 2016). Meroplankton are 

also an essential part of the Arctic zooplankton community (Stübner et al. 2016). Meroplankton 

are mainly present during the peak primary production window, being positively correlated 

with phytoplankton biomass and temperature (Michelsen et al. 2017). Studies from 

Adventfjorden, Svalbard, show that meroplankton dominates the zooplankton community both 

in terms of biomass and abundance throughout the productive season (Stübner 2016).  

 

Zooplankton drivers  

In addition to strong seasonality, the zooplankton variability in the Arctic ocean is linked to 

water mass distribution, circulation (Auel and Hagen 2002; Daase and Eiane 2007; Estrada et 

al. 2012), and advection (Wassmann et al. 2015). Subsequently, abiotic and biological changes 

in the environment will influence the zooplankton abundance and distribution, such as 

temperature and salinity (Daase and Eiane 2007; Kwasniewski et al. 2010; Trudnowska et al. 

2015). Variations in the zooplankton community can also be explained by factors related to 

terrestrial and freshwater input, e.g. changes in the coastal environment (Swalethorp et al. 2014; 

Arimitsu, Piatt, and Mueter 2016; Middelbo et al. 2018). However, a complete understanding 

of the influences of terrestrial input is still missing.  

 Studies from Arctic fjords in Greenland show that the spatial distribution of zooplankton 

changes substantially along a salinity gradient, from glacial influenced to more open water 

(Arendt et al. 2016; Middelbo et al. 2018). An increase in the proportion of omnivorous, smaller 

zooplankton species was seen with higher freshwater impact, with a distinct change in species 
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composition along the salinity gradient. In more brackish water close to the glaciers, 

Microcalanus spp. and Pseuodcalanus spp. were found to dominate, whereas herbivorous, 

larger copepods such as Calanus spp. dominated further out. Additionally, zooplankton may be 

found in high concentrations in a water layer near the bottom of glacial plumes caused by the 

system of currents. These areas are subsequently important feeding areas for sea birds and 

marine mammals (Lydersen et al. 2014). In similarity with glacial impact, Estrada et al. 2012 

(Estrada et al. 2012) suggested that increased riverine input will promote a shift from larger to 

smaller species, as a result of warmer water and increased stratification. Both rotifers and small 

omnivorous copepods (Microsetella spp., Pseudocalanus spp., and Oithona spp.) have also 

been documented to de dominant closer to the estuaries (Chen, Liu, and Chen 2017). 

Furthermore, it is hypothesized that increased freshwater input will have a negative impact on 

oceanic species, but favor resident self-sustaining species (Tang et al. 2011). Higher turbidity 

may also impact the predator-prey interactions in an environment, as some predators are 

dependent on their sensory abilities, thus decrease the predator efficiency on lower trophic 

levels (Lunt and Smee 2015).  

 Despite a limited number of studies on how meroplankton are spatially distributed 

according to a fjordic salinity gradient, they are often found closer to shore together with small 

copepods, rather than in open water (Hop et al. 2019). Studies from the Kara Sea in the Russian 

Arctic also suggest that the input of nutrients through rivers may enhance the survival of benthic 

larvae and extend their feeding period (Fetzer and Arntz 2008). An estuarine turbidity 

maximum is created due to riverine circulation, causing smaller zooplankton to be trapped close 

to the rivers (Kulikova, Solokhina, and Samatov 2000). Meroplankton may be particularly 

sensitive to these entrapment zones and less by advection of water masses due to their often 

short occurrence in the pelagic (Mileikovsky 1968). 

 Together with the size and species distribution, zooplankton biomass and diversity are 

important factors in marine ecosystems (Cauvy-Fraunié and Dangles 2019). Both zooplankton 

biomass and diversity are documented to be lower in less saline and more stratified water in 

comparison with more saline and well-mixed water. Thus zooplankton biomass normally 

increases along a gradient from freshwater influenced to pure marine ( Harvey 2001; Estrada et 

al. 2012). Environmental disturbance, e.g. stress, is known to lower species richness and 

diversity, and freshwater input and strong salinity gradients are factors controlling these 

parameters (Witman et al. 2008; Estrada et al. 2012). Additionally, species diversity may 

increase with increasing depth in the Arctic Ocean (Kosobokova, Hopcroft, and Hirche 2011).  
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 Along with an expected increase in terrestrial and freshwater input due to increasing 

temperatures, these impacts identify a need for more knowledge on how the Arctic zooplankton 

community changes.  

 

1.3 Aims and objectives 

 
This thesis aimed to investigate the influence of terrestrial input on the zooplankton community 

in Isfjorden, Svalbard, along a gradient from the river mouth and glacier plumes to open ocean 

on three occasions during the 2018 melt season (May, June, August). 

 

Along a gradient from inner sites close to river estuaries and glacier plumes, to outer sites in 

open water I hypothesize following changes in the zooplankton community:  

 

 

1.  A change in species composition from primarily smaller species (e.g. Oithona spp., and 

 Pseudocalanus spp.) to larger, more oceanic species, such as Calanus spp. 

 Furthermore, along the same gradient, I expect a higher proportion of meroplankton in 

 the innermost parts of the fjord, and the other way around for holoplankton. 

 

2.  A change from smaller, more omnivorous copepods in the innermost sites, to larger.

 more herbivorous zooplankton, mainly grazers and filter feeders, further out in the fjord, 

 peaking at the marine endpoints.  

 

3.  An increase in both biomass and diversity from the inner to the outer sites, as a 

 consequence of increased environmental stress in the innermost part of the fjord, 

 due to e.g. freshwater input and high turbidity. In addition, I expect increased 

 biomass as a result of a shift from smaller sized to larger sized zooplankton species. 
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 2. Materials and methods 

 

Sampling was conducted in May, June, and August 2018 in Isfjorden, Svalbard (for further 

details, see Table 1). Sampling campaigns were organized through the TerrACE project and 

included several other objectives in addition to those presented in this thesis.  

 

2.1 Sampling area 

 
2.1.1 Svalbard area  

Svalbard is an Arctic Archipelago situated between 74° and 81°N, and 10° and 35°E in the 

Norwegian Arctic (Figure 1). Svalbard is located between the Arctic Ocean in the north, the 

Norwegian Sea in the south, the Barents Sea in the east, and the West Spitsbergen Shelf in the 

west, and consists of several islands, where Spitsbergen is the largest (Figure 1). Along the 

western coast of Spitsbergen warm, and more saline Atlantic water (AW) is transported by the 

West Spitsbergen Current (WSC) northwards. Colder, less saline Arctic water is transported 

from the east along the Sørkapp Current, creating a frontal area between the two types of 

currents. An extensive part of Svalbard’s land area is covered by glaciers (approximately 60%) 

(Hagen et al. 2003) (Appendix II), in addition to a number of rivers leading out to the fjords. 

Svalbard also has permafrost, being the largest permafrost area in Europe outside Russia 

(Humlum, Instanes, and Sollid 2003). 

 

2.1.2 Site classification – Habitat categories 

To avoid influence of very local conditions and get a more qualified picture on the persistent 

gradients independent of fjord, the sites were divided into four groups: River estuaries (“River 

estuary (RE)”), inner (“Inner”), outer (“Outer”) and marine endpoints (“Marine”). These habitat 

categories were selected in order to represent four different habitats that I anticipated would 

have a different degree of terrestrial influence and have been used throughout the study. “River 

estuary” habitats were close to rivers, “Inner” habitats were situated in the innermost parts of 

the fjords, either close to glaciers or close to the shore. “Outer” habitats were mainly in the fjord 

mouth, further from the shore than the inner stations, while the “Marine” habitats were the sites 

used as marine endpoints, moreover the least terrestrial influenced sites. Due to the ice cover in 

May, the two sites B_Ice and T_Ice were used as replacements, both classified as “Inner” 

habitats. See Appendix (III) for further details on the placements of B_Ice and T_Ice.  
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Figure 1: Station map. Svalbard and Spitsbergen in the left panel, Isfjorden, including the inner fjord branches 

(Adventfjorden, Tempelfjorden, Billefjorden) with stations in the right panel. The brown dots represent the river 

estuary sites (Estuary), the white dots represent the inner sites (Inner), the turquoise dots represent the outer sites 

(Outer), and the dark blue dots represent the marine endpoint sites (Marine). Map derived from Ocean Data View.  

 

2.1.3 Site descriptions 

The sampling campaigns were carried out in the Isfjorden system, visiting a number of stations 

along gradients from river estuaries and glaciers to more open water stations in different side-

arms of the main fjord. In addition, three marine endpoint stations were sampled in Isfjorden.  

 

Isfjorden 

Isfjorden consists of a number of inner fjord arms and bays that differ in the degree of influence 

from rivers and marine-terminating glaciers (Figure 1). Isfjorden has no distinct sill at its mouth 

and can, therefore, be directly influenced by the Atlantic water transported by the WSC. The 

fjord is very wide (approximately 24 and 70 km), and the depth in the fjord system ranges from 

55% of the area < 100 m depth, and 25% > 200 meters (Nilsen et al. 2008). Except for the very 

inner parts, Isfjorden has not been ice-covered since 2005 (Cottier et al. 2007; Muckenhuber et 

al. 2016). However, some parts of the fjord system, e.g. Tempelfjorden and Billefjorden, are 
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seasonally ice-covered. Isfjorden is also surrounded by glaciers and rivers that feed the fjords 

(Appendix II), and especially in the northern parts of the fjord system, numerous glaciers drain 

to the fjord (Nilsen et al. 2008).  

 

Adventfjorden 

Adventfjorden is a side-arm located in the southern part of Isfjorden (Figure 1), with no distinct 

sill to Isfjorden (Forwick, Baeten, and Vorren 2009). The fjord has no directly glacial contact, 

but the two rivers entering the fjord, Adventelva and Longyearelva, are glacially fed and 

transport high concentrations of inorganic particles (Zajaczkowski and Włodarska-Kowalczuk 

2007). Adventelva is fed by glacial meltwater from glaciers that have retreated several 

kilometers from the shoreline (Svendsen et al. 2002). Adventfjorden has not been fully ice-

covered since 2007 (Wiedmann et al. 2016), but the river delta freezes in the winter. The fjord 

and river delta were ice-free when sampling occurred.  

 

Tempelfjorden  

Tempelfjorden is a 14 km long fjord arm located at the innermost part of Isfjorden (Figure 1). 

Similar to Adventfjorden, Tempelfjorden has some topographic barriers, but not a pronounced 

sill. The glacier Tunabreen discharges directly out in the innermost part of Tempelfjorden 

(Flink et al. 2015). Additionally, several rivers discharge into Tempelfjorden, leading to a 

substantial inflow of freshwater, especially during summer. Tempelfjorden is seasonally ice-

covered, freezing rather early due to the substantial freshwater input. The rivers are frozen 

during the winter but open up in the spring, sometimes during May and June.  

 

Billefjorden 

Billefjorden is a 30-km long branch of Isfjorden, located in the north-western part (Figure 1). 

Billefjorden differs from Adventfjorden and Tempelfjorden, by being partially separated from 

the remaining system through an outer sill (80 m) in the fjord mouth. The sill is followed by a 

flat central part and another shallower sill (40 m) for so a deeper sill (190 m) in the inner part 

of the fjord (Forwick, Baeten, and Vorren 2009). Due to the sill, there is less exchange of warm 

water from Isfjorden; thus, Billefjorden is characterized by more cold, locally formed Arctic 

water. Billefjorden has two smaller branches in the inner part. In the southernmost, part the 

glacier Nordenskiöldbreen discharges large amounts of freshwater. The river is frozen in the 

winter season but opens up in the spring. Billefjorden was seasonally ice-covered, and for that 

reason, the May campaign was influenced accordingly (2.1.4 Ice conditions). 
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2.1.4 Ice conditions 

The Arctic has a maximum sea ice extent typically in March and April, and a minimum in 

September (Adakudlu et al. 2019). In addition, local fast ice forms during winter in some fjords, 

and opens up during the spring. The May sampling campaign was influenced by ice cover in 

Billefjorden and Tempelfjorden (Appendix III). Thus the innermost stations B_RE, B_Inner, 

B_NC in Billefjorden, and T_Inner in Tempelfjorden, was replaced by B_Ice and T_Ice, 

respectively. The ice stations were located as close to the ice edge as possible in both fjords. In 

June and August, there was no sea ice in the sampling area, and all the planned sampling sites 

were accessible.  

 

Table 1: Site details. Site name, fjord (AF=Adventfjorden, BF=Billefjorden, TF=Tempelfjorden, IF=Isfjorden), 

habitat category (River Estuary (RE), Inner, Outer, Marine), date, and which procedure implemented on the 

specific site (Phys= Physical, environmental measurements, Zoo= Zooplankton sampling). 

 

Site Fjord Habitat category Date Procedure 

AF_1 AF RE 14.05.18 Phys+zoo 

AF_2 AF Inner 14.05.18 Phys+zoo 

A_NC AF Inner 14.05.18 Phys+zoo 

IsA AF Outer 11.05.18 Zoo 

IsA AF Outer 16.05.18 Phys 

B_Ice BF Inner 16.05.18 Phys+zoo 

B_Outer BF Outer 10.05.18 Zoo 

B_Outer BF Outer 16.05.18 Phys 

T_Ice TF Inner 15.05.18 Phys+zoo 

T_RE_Degeer TF RE 15.05.18 Phys+zoo 

T_RE_Gips TF RE 15.05.18 Phys+zoo 

T_RE_Sassen TF RE 15.05.18 Phys+zoo 

T_Outer TF Outer 11.05.18 Zoo 

T_Outer TF Outer 15.05.18 Phys 

ME_3 IF Marine 11.05.18 Phys+zoo 

IsK IF Marine 10.05.18 Zoo 

IsK IF Marine 16.05.18 Phys 

IsG IF Marine 10.05.18 Zoo 

A_F1 AF RE 18.06.18 Phys+zoo 

A_F2 AF Inner 18.06.18 Phys+zoo 

A_NC AF Inner 18.06.18 Phys+zoo 

IsA  AF Outer 18.06.18 Phys+zoo 

B_RE BF RE 20.06.18 Phys+zoo 
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Table 1. Site details (continued). 

Site Fjord Habitat category Date Procedure 

B_Inner BF Inner 20.06.18 Phys+zoo 

B_NC BF Inner 20.06.18 Phys+zoo 

B_Outer BF Outer 20.06.18 Phys+zoo 

T_Inner TF Inner 22.06.18 Phys+zoo 

T_NC TF Inner 22.06.18 Phys+zoo 

T_RE_Degeer TF RE 22.06.18 Phys+zoo 

T_RE_Gips TF RE 22.06.18 Phys+zoo 

T_RE_Sassen TF RE 22.06.18 Phys+zoo 

T_Outer TF Outer 24.06.18 Phys+zoo 

ME_3 IF Marine 24.06.18 Phys+zoo 

IsK IF Marine 24.06.18 Phys+zoo 

IsG IF Marine 23.06.18 Phys+zoo 

A_F1 AF RE 17.08.18 Phys+zoo 

A_F2 AF Inner 17.08.18 Phys+zoo 

A_NC AF Inner 17.08.18 Phys+zoo 

IsA AF Outer 18.08.18 Phys+zoo 

B_RE BF RE 24.08.18 Phys+zoo 

B_Inner BF Inner 24.08.18 Phys+zoo 

B_NC BF Inner 24.08.18 Phys+zoo 

B_Outer BF Outer 08.08.18 Phys+zoo 

T_Inner TF Inner 20.08.18 Phys+zoo 

T_NC TF Inner 22.08.18 Phys+zoo 

T_RE_Degeer TF RE 22.08.18 Phys+zoo 

T_RE_Gips TF RE 22.08.18 Phys+zoo 

T_RE_Sassen TF RE 20.08.18 Phys+zoo 

T_Outer TF Outer 22.08.18 Phys+zoo 

ME_3 IF Marine 24.08.08 Phys+zoo 

IsK IF Marine 18.08.08 Phys+zoo 

IsG IF Marine 17.08.18 Phys+zoo 

 

 

2.2 Physical and biological environmental parameters  

 
2.2.1 Physical environmental parameters - Sampling in the field 

The field campaigns were conducted by sampling a total of 18 stations in May, June, and August 

2018 in Isfjorden, Svalbard (Table 1). Samples were collected from small boats, the research 

vessels R/V Clione, and R/V Helmer Hanssen (Appendix I). 
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 Salinity and temperature measurements were obtained with a conductivity, temperature, 

and depth (~pressure) profiler, CTD (model SAIV 204 or 208), at all stations (Table 1). A 

Seabird 911CTD plus was used onboard R/V Helmer Hanssen in May (Appendix I). 

 Light measurements and turbidity (water transparency) were conducted using a Secchi 

disk (30 cm in diameter). The disk was lowered down to the depth where it could no longer be 

detected, and the depth was read off to 10 cm accuracy. The disk was lowered down at the side 

of the boat, not being in the shadow of the sun.  

 

2.2.2 Water samples – Sampling in the field  

Water samples were taken at each station at 15 m depth and just under the surface (~ 0 m) with 

a 10L Niskin water sampler bottle (KC Denmark, Silkeborg). At stations shallower than 15 m, 

the second sample was taken 2 m above bottom instead of 15 m (Table 2). For each depth, 

following parameters were measured:  

 

 Salinity, temperature, and pH were measured with a portable multiparameter sensor 

(Hanna Instruments HI98195) from a clean steel bucket filled with water taken directly from 

the Niskin bottle.  

 Turbidity was measured in triplicates with a handheld turbidity meter (Thermo 

Scientific Eutech TN-100).  

 

In addition to the parameters measured out in the field, approximately 15 liters of water from 

both depths were transported back to the laboratory for further filtration. Samples were stored 

cold and dark prior to processing at the University Centre on Svalbard (UNIS) laboratory.  

 

2.2.3 Filtration 

Water at a given volume (300ml) was filtered for analysis of chlorophyll a on 25mm glass fiber 

(Whatman GF/F, 0.7µm) filters and 5µm nucleopore filters (Nucleopore from Whatman). The 

water was kept as dark as possible until filtration by turning off the light during filtration. The 

filters were packed in aluminum foil directly after filtration. The chlorophyll a filters were 

stored at -80 °C until further analysis.  

 

2.2.4 Analyses 

Concentrations of chlorophyll a were calculated for both size fractions from each depth. Filters 

were stored at -80°C for so to be extracted in methanol and analyzed on a Turner 10-AU 



 12 

fluorometer (Turner designs Synnyvale, California). Samples were vortexed and measured on 

the fluorometer for their total pigment content. To distinguish between intact (chlorophyll a) 

and degraded chlorophyll a (phaeophytin), two droplets of 5 % HCl were added to the sample 

(to convert chlorophyll a to pheaophytin), vortexed and measured again. The corrected 

chlorophyll a concentration was calculated by the following formula described by Parsons et 

al. (1984) (Parsons, Maita and Lalli, 1984):  

 

(1) [%&' − )] = (Fd ∗ τ ∗ (Rb − Ra)) ∗ 	(vol.methanol/	vol. filtrated) 

 

Where [Chl - a] is in mg m-3, Fd is the calibration factor, τ is the mean acid ratio of pure Chl-

a, Rb is the fluorometer reading before HCl addition, and Ra is the fluorometer reading after 5 

% HCl addition. 

 

2.3 Zooplankton 

 
2.3.1 Zooplankton – Sampling in the field  

Zooplankton were sampled by a vertical haul with a WP2 net (net opening 0.250 m2, mesh size 

60 µm or 200 µm, see Table 2 for detailed information regarding mesh size) from approximately 

two meters above bottom depth to the surface (see Table 2 for haul depth). At certain stations 

in May, the mesh size of the net was adjusted from 60 µm to 200 µm, due to problems with 

clogging of the net by phytoplankton (Phaeocystis spp. bloom) (pers. obs.) (Table 2). The entire 

net was rinsed with seawater and emptied in a bucket with unfiltered seawater. The sample was 

stored in either air temperature (similar to sea temperature) or a cooler and brought back to the 

laboratory for further processing 

 

2.3.2 Zooplankton – Laboratory work  

Sorting of zooplankton 

After the zooplankton samples were brought back to the laboratory, the samples were split into 

four fractions (see Table 2 for size fractioning) using a Motodo plankton splitter.  

 

Fraction number 1 was fixed in formaldehyde (4%) and stored for identification in plastic 

bottles. Before fixation, cnidarians and comb jellies were picked out, identified, and counted. 
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The bottles were then stored in a 4% sea water-formaldehyde solution buffered with hexamine 

until identification.  

 

Fraction number 2 was used for biomass. The fraction was filtered through a sieve with 60 

µm mesh size, put on a plastic bottle, and then filtered directly after on a pre-weighed 47 mm 

GF/F filter. The filters were after that stored in an enclosed petri dish and frozen at -20 °C. The 

biomass filters were later dried at 50 ℃ for at least 24 hours and weighed with Mettler Toledo 

AG204 DeltaRange (precision +/-0.2 mg). The dry weight (DW) was then recalculated from 

the fraction of the zooplankton sample and the size of the WP2 net, with the following formulas. 

 

(2) Biomass (DW) m-2= DW on filter/diameter of net  

(3) Biomass (DW) m-3=(biomass (DW) m-2)/haul depth  

 

The DW m-2 was calculated by dividing the biomass by the diameter of the net, and the DW  

m-3 was calculated by dividing DW m-2 by the haul sample depth. 

 

Fraction number 3 was filtered through a sieve with 60 µm mesh size, put in plastic vials, and 

stored at -20 °C as an archive sample. These samples were meant as back-up samples and are 

stored at UiO, Oslo.  
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Table 2: Overview of the zooplankton samples taken at each site from May to August 2018. Site, date, mesh 

size of the WP2 net used for the specific sample, haul depth (m), the fraction of the entire sample used for 

identification and biomass, and additional comments. 

Site Date Mesh size WP2 

net (Bm) 

Haul depth 

(m)  

Fraction 

identification 

Fraction 

biomass  

Additional comments 

AF_1 14.05.18 WP2 (200) 20 1
8E  1

8E  
 

AF_2 14.05.18 WP2 (200) 40 1
4E  1

4E  
 

A_NC 14.05.18 WP2 (200) 40 1
8E  1

8E  
 

IsA 11.05.18 WP2 (200) 95 1
16E  1

16E  
 

B_Ice 16.05.18 WP2 (200) 70 1
8E  1

8E  
 

B_Outer 10.05.18 WP2 (200) 70 1
16E  1

16E  
 

T_Ice 15.05.18 WP2 (200) 100 1
8E  1

8E  
 

T_RE_Degeer 15.05.18 WP2 (200) 40 1
8E  1

8E  
 

T_RE_Gips 15.05.18 WP2 (200) 30 1
8E  1

8E  
 

T_RE_Sassen 15.05.18 WP2 (200) 20 1
8E  1

8E  
 

T_Outer 11.05.18 WP2 (200) 40 1
16E  1

16E  
 

ME_3 11.05.18 WP2 (200) 193 1
16E  1

16E  
 

IsK 10.05.18 WP2 (200) 195 1
16E  1

16E  
 

IsG 10.05.18 WP2 (200) 193 1
4E  1

4E    

A_F1 18.06.18 WP2 (60) 18 1
4E  1

4E  
 

A_F2 18.06.18 WP2 (60) 40 1
4E  1

4E  
 

A_NC 18.06.18 WP2 (60) 35 1
4E  1

4E  
 

IsA  18.06.18 WP2 (60) 95 1
8E  1

8E  
 

B_RE 20.06.18 WP2 (60) 10 1
4E  1

4E  
 

B_Inner 20.06.18 WP2 (60) 38 1
4E  1

4E  
 

B_NC 20.06.18 WP2 (60) 13 1
4E  1

4E  
 

B_Outer 20.06.18 WP2 (60) 70 1
8E  1

8E  
 

T_Inner 22.06.18 WP2 (200) 36 1
8E  1

8E  
 

T_NC 22.06.18 WP2 (200) 17 1
4E  1

4E  
 

T_RE_Degeer 22.06.18 WP2 (60) 10 1
4E  1

4E  Net broken - sample not complete 

T_RE_Gips 22.06.18 WP2 (200) 8 1
4E  1

4E  
 

T_RE_Sassen 22.06.18 WP2 (200) 5 1
4E  1

4E  
 

T_Outer 24.06.18 WP2 (60) 50 1
8E  1

8E  
 

ME_3 24.06.18 WP2 (60) 130 1
8E  1

8E  
 

IsK 24.06.18 WP2 (60) 250 1
8E  1

8E  
 

IsG 23.06.18 WP2 (60) 260 1
8E  1

8E    
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Table 2. Overview of the zooplankton samples taken at each site from May to August 2018 (continued). 

 

 

Identification of zooplankton 

Prior to identification, samples were rinsed out of the plastic bottle using filtered seawater, both 

bottle and lid were well washed. The sample was then filtered through a sieve with 60µm mesh 

size and was thereafter left in filtered seawater for 30 minutes to wash out the formaldehyde. 

After washing, the sample was put in a plastic container of known volume, and filtered seawater 

added (volume depended on the zooplankton density in the sample). From the plastic container, 

a pipette (1000-5000 µl) was used to sub-sample a known volume of the total volume, and the 

sub-sample was placed in a plastic petri dish with a grid. The subsample was after that identified 

using a light microscope (Leica MZ16 Stereo Microscope - Leica Microsystems (UNIS); Nikon 

SMZ – 10A Stereo Microscope (UiO)). All individuals in the subsample were identified to the 

lowest taxa possible and counted. For each sample, at least 300 individuals were counted, hence 

if the number of individuals in one subsample did not reach 300, several subsamples were 

identified and counted. In certain samples, one specific taxon was dominating in a high degree 

(e.g., cirriped nauplii, personal observation); these taxa were then excluded from the number of 

Site Date Mesh size WP2 

net (Bm) 

Haul 

depth (m)  

Fraction 

identification 

Fraction 

biomass  

Additional comments 

A_F1 17.08.18 WP2 (60) 11 1
8E  1

8E  Detritus 

A_F2 17.08.18 WP2 (60) 30 1
8E  1

8E  Detritus 

A_NC 17.08.18 WP2 (60) 17 1
8E  1

8E  
 

IsA 18.08.18 WP2 (60) 80 1
8E  1

8E  
 

B_RE 24.08.18 WP2 (60) 5 1
10E  9

10E  
 

B_Inner 24.08.18 WP2 (60) 50 1
4E  1

4E  
 

B_NC 24.08.18 WP2 (60) 8 - 1 
 

B_Outer 08.08.18 WP2 (60) 55 1
4E  1

4E  
 

T_Inner 20.08.18 WP2 (60) 40 1
4E  1

4E  Mud 

T_NC 22.08.18 WP2 (60) 14 1
4E  1

4E  Sediment 

T_RE_Degeer 22.08.18 WP2 (60) 10 1
4E  1

4E  Mud 

T_RE_Gips 22.08.18 WP2 (60) 5 1
4E  1

4E  
 

T_RE_Sassen 20.08.18 WP2 (60) 15 1
4E  1

4E  Mud 

T_Outer 22.08.18 WP2 (60) 40 1
4E  1

4E  
 

ME_3 24.08.08 WP2 (60) 200 1
4E  1

4E  
 

IsK 18.08.08 WP2 (60) 269 1
8E  1

8E  
 

IsG 17.08.18 WP2 (60) 262 1
8E  1

8E  
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300 individuals. When identifying, following literature was used: “Coastal phytoplankton: 

Photoguide for Northern European Seas” (Kraberg, Baumann, and Dürselen 2010), “Literature 

compiled by Malin Daase with corrections and contributions from Slawek Kwasniewski” 

(compendium hand-out, 2016 edition), “World Register of Marine Species (WoRMS)” (Horton 

et al. 2019). As some species were not possible to determine on morphology alone and genetic 

analysis was not a part of this study, the level of detailed identification varied from each class. 

See Table 3 for the final list of taxa. From the subsample, the total number of individuals in the 

sample was calculated using the fraction of the subsample. Thereafter the number of individuals 

in the sample was multiplied by the fraction of the net opening to one square meter, assuming 

100% efficiency.  

 

(4) Zooplankton abundance (ind. m-2) = Ind./subsample*fraction subsample*fraction sample*4  

(5) Zooplankton abundance (ind. m-3) =(ind. m-2)/haul depth  

 

Species richness and diversity 

Species richness for each site was calculated as the number of taxa per site, while the species 

diversity was calculated using the Shannon-Wiener Diversity Index. Shannon-Wiener Diversity 

Index is an index used for comparing diversity between different habitats (Clarke and Warwick 

2001). The index assumes a random selection of individuals from an independent population 

(Shannon 1948). The index is calculated by using the following formula: 

 

(6) JK = −∑MN	ln	MN 

 

Where pi is the proportion of individuals found in species i in the sample, and ln pi is the natural 

logarithm of this proportion (Shannon 1948; Spellerberg and Fedor 2003). The values of the 

index (H’) normally lie between 1.5 and 3.5, and rarely more than 4. The index increases as 

both the richness and evenness increase, which gives an estimation of the biological variability 

at the specific site (Ortiz-Burgos 2016).  

 

Trophic levels 

The trophic levels of zooplankton are a composed issue, e.g., a number of taxa characterize as 

more than one trophic level, moreover, shift from one life stage to another. Aware of the 

complexity, the classification is based on previous literature, also dividing Arctic zooplankton 
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into groups based on feeding position in the food web (Blachowiak-Samolyk et al. 2007; J. T. 

Turner et al. 2001). 

 

2.4 Data analyses  
 

2.4.1 Physical and biological environmental parameters  

The normality of data was tested using the Shapiro-Wilk test (Shapiro and Wilk 1965), and the 

significance of difference was tested with either a one-way ANOVA (data normally distributed) 

or a Kruskal-Wallis Test (data not normally distributed). Tests were implemented in R Studio 

(Version 1.1.423 – © 2009-2018), using included R functions.  

 The boxplots of the physical environmental parameters (Figures 3, 4) were produced in 

R Studio. The data were grouped as the habitat categories (“Estuary”, “Inner”, “Outer”, 

“Marine”) using the dplyr as a part of tidyverse (Wickham 2016). After that, ggplot2 (Wickham 

2016), was used for producing the boxplots. For further details, see Appendix (XI). The 

biological, environmental parameter chlorophyll a (Figure 4) was handled in Microsoft © Excel 

© (Version 14.7.3), calculated the following way: For each month, the habitat categories were 

grouped, and the mean for each group was calculated. The bulk chlorophyll a of small cells was 

calculated from the total (GF/F) excluded the large cells (5 µm). From the mean of each group, 

a regular bar graph of relative abundance was produced (Figure 4). 

   

2.4.2 Environmental – zooplankton gradients  

Two different ordination methods were used: Detrended Correspondence Analysis (DCA) 

(Figure 10) and Canonical Correspondence Analysis (CCA) (Figure 11, Tables 4, 5). For both 

analyses, the same zooplankton data matrix was used, processed in Microsoft Excel. The 

zooplankton data matrix included individuals abundance per m3, thereafter log-transformed 

(log(x+1)). For both ordination analyses, the juvenile stages of the taxa were grouped as one 

taxon (e.g., Calanus spp. stage I-V was grouped with adult Calanus spp., resulting in only 

“Calanus spp.”). This was implied to remove the seasonality caused by the seasonal 

development of one taxon since the scope of this study was to investigate differences in species 

composition.  
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Detrended Correspondence Analysis (DCA) 

DCA is a multivariate ordination technique that extracts the main patterns of large species-rich 

datasets along an axis (Hill and Gauch 1980). The DCA was developed to reduce the defects 

from a CA (Canonical Analysis): The arch effect, and compression of the ends of the gradient. 

The first defect appears as a consequence of the unimodal species response curve and makes 

the axis hard to interpret. The second defect may cause the spacing between the samples (or 

species) along the first axis not to be related to the amount of change and thus can be 

misinterpreted. To correct for these artifacts, DCA was developed by Hill and Gauch in 1980 

(Hill and Gauch 1980). For the improvement of CA, DCA implemented two steps; the first axis 

is split up in a number of segments, which may be defined, thereafter, rescaling of each segment 

so that each segment has a mean value of zero along the second axis. These improvements 

flatten out the arch effect and make a DCA often better suited for ecological data with more 

than one explanatory variable, rather than a CA (Correa-Metrio et al. 2013). Similar to CA, the 

first and second axis can be read off individually, where the first axis explains the most 

variation, followed by the second axis. The DCA diagram (Figure 10) was produced in R 

Studio, using the packages vegan (Oksanen et al. 2019), ggplot2 (Wickham 2016), and goeveg 

(Goral and Schellenberg 2018).  

 

Canonical Correspondence Analysis (CCA) 

CCA is a multivariate constrained ordination technique, parallel to CA, that extracts large 

gradients from a dataset of several explanatory variables (Braak 1986). CCA measures the 

strength of the association between two canonical variates, where the variates in the analysis 

are the sum of the variables. In this matter, the CCA allows one to test each variable (variation 

partitioning) and determine the variation explained by the specific variable. It is thus possible 

to exclude individual variables and look at the variation explained by the residuals. In this study, 

CCA was implemented to test how much variation the different parameters explained. In 

addition, to highlight the variability explained by the spatial structure and not the parameters 

directly linked to seasonality. The parameters were tested one by one, and the variation 

explained can be seen in Table 4. Also, each parameter was tested by excluding “Julian day” 

and “Month”, and the explained variability visualized in a diagram (Figure 11, Table 5). The 

zooplankton data were log-transformed, y= log (x+1), and the environmental variables were 

log-transformed to reduce skewness. The CCA diagram (Figure 11) was conducted in R Studio, 

where the analyses and diagram were implemented with vegan (Oksanen et al. 2012). 
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2.4.3 Zooplankton  

The calculation of the zooplankton data, such as the total number of individuals and biomass 

per sample, was conducted in Microsoft Excel, and the plots were produced in R Studio. 

Relative and total abundance of all zooplankton, holo- and meroplankton, and trophic levels 

(Figures 5, 6, 7), and biomass (Figure 8) were produced using ggplot2 (Wickham 2016), further 

details can be seen in Appendix (XI). The calculation of species richness (taxon per site) was 

conducted in Microsoft Excel, and the species diversity index (Shannon-Wiener) was calculated 

in R Studio, using vegan (Oksanen et al. 2019), function diversity.  

 

2.4.4 Maps and pictures 

The map (Figure 1) was produced in Ocean Data View (2008 © Reiner Schlitzer), with later 

alterations in Microsoft © Powerpoint © (Version 14.7.3), which was also used to edit the 

pictures used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 20 

 3. Results 
 

3.1 Physical and biological environmental parameters 

 
In order to describe the overall patterns, average values for each sample habitat category 

(“Estuary”, “Inner”, “Outer”, “Marine”) were calculated across all fjord arms. In the plots, 

however, different symbols are used to indicate the respective locations.  

 

3.1.1 Temperature and salinity 

Surface temperatures (Figure 2A) increased from ~0 to ~7.5°C from May to August in all 

habitat categories and showed significant differences between the three months (Kruskal-Wallis 

Test, p=1.89*10-9). The variation was greatest at the innermost habitats in August, where the 

surface temperature ranged from 3.7℃ (BF) to 7.1℃ (AF). There were no significant 

differences between the habitat categories within each month (One-Way ANOVA, May: p= 

0.677, June: p= 0.217, August: p= 0.979). The temperatures at 15m displayed the same patterns, 

but with slightly lower variation throughout the season (~0 to ~6°C) (Appendix IV). The surface 

salinity (Figure 2B) showed large variations from May to August, especially in the river estuary 

and inner habitats, and was significantly different comparing the three months 

 

 

Figure 2: Temperature (A) and salinity (B). Temperature (℃) and salinity (PSU) measured in the surface in 

May, June, and August. The sites are classified as habitat categories: River estuaries (Estuary, brown), inner (Inner, 

white), outer (Outer, turquoise) or marine endpoints (Marine, blue), and each fjord is represented as a shape 

(Adventfjorden (AF)=circle, Billefjorden (BF)=square, Isfjorden (IF)=diamond, Tempelfjorden (TF)= triangle). 
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(Kruskal-Wallis Test, p=0.0058). The surface salinity in May showed low variability in all 

habitat categories, moreover, significant differences between the habitats (One-Way ANOVA, 

p=0.011). However, in June and August, a different pattern was found (Figure 2B). In June, the 

mean salinity showed a pattern of decrease at the river estuary habitats, and even more profound 

in August (Figure 2B). At the same time, the variation between the habitats increased (~9 to 

~33 PSU in June, ~2 to ~33 PSU in August) (Figure 2B). The same trend from May to August 

was seen at the inner habitats, with lower salinity in June, followed by even lower in August 

(~17 PSU in TF). In the outer and marine habitats, the salinity showed little variation from May 

to June. However, a slightly lower salinity was shown in August. The habitats had different 

salinity in June (Kruskal-Wallis, p=0.032), but not in August (Kruskal-Wallis, p=0.148) (Figure 

2B). The salinity at 15m showed the same patterns, but with much lower variability (~32 to ~36 

PSU) (Appendix IV).  

 

3.1.2 Light conditions 

The surface turbidity (Figure 3A) showed large variability from May to August and differed 

significantly between the months (Kruskal-Wallis, p=0.001). However, not between the 

habitats within the months (One-Way ANOVA, May: p=0.138, June: p=0.398, August: 

p=0.172). Despite no significant differences, all months showed a slight decrease in turbidity 

along the gradient from inner to outer habitats (Figure 3A). The variation in August was, 

moreover, quite immense, as a result of an outlier site in Tempelfjorden, showing the highest 

turbidity in all sites (~298 NTU). The turbidity at 15m showed a similar pattern to the surface 

turbidity, but with lower values (~0-40 NTU) (Appendix IV). The Secchi depth (Figure 3B) 

was significantly different between the three months (Kruskal-Wallis, p=9.12*10-6) and 

decreased from May to June in all habitat categories, from the innermost to the outermost sites. 

The Secchi depth from August showed a similar trend as the data from June, with a slight 

increase of the mean value in all habitat categories except for the outermost sites (Figure 3B). 

The data from June and August showed the same pattern, in addition to significant differences 

between the habitat categories (June: Kruskal-Wallis, p=0.0212, August: One-Way ANOVA, 

p=0.002). The Secchi depth was low in river estuaries and inner habitats (~1-4m), whereas it 

increased slightly in the outer and marine habitats (~3-8m) (Figure 3B). The innermost sites 

were characterized with considerable variation within all months, especially in May, ranging 

from ~3 m depth to ~13 m depth (Figure 3B). 
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Figure 3: Turbidity (A) and Secchi depth (B). Surface turbidity (NTU) and Secchi depth (m), measured in May, 

June, and August. The sites are classified as habitat categories: River estuaries (Estuary, brown), inner (Inner, 

white), outer (Outer, turquoise”) or marine endpoints (Marine, blue), and each fjord is represented as a shape 

(Adventfjorden (AF)=circle, Billefjorden (BF)=square, Isfjorden (IF)= diamond, Tempelfjorden (TF)= triangle). 
 

3.1.3 Food availability: Chlorophyll a  

Chlorophyll a (Figure 4) was measured in the surface and showed variability among habitats, 

both in terms of total chlorophyll a (~0.2-3 µg chl-a L-1), but also with respect to size (smaller 

or larger than 5 Om). In May, the total chlorophyll a concentration was low in the innermost 

sites (0.27 µg/L) but showed a pattern of increasing concentration along the fjord gradient to 

the marine endpoints (3.13 µg/L) (Figure 4). In June, both the relative and total chlorophyll a 

concentration was more similar within the habitats, showing a more substantial fraction of small 

than large cells and total value at approximately 1 µg/L, including a slight increase in the 

outermost sites (Figure 4). In August, the total concentration showed an increase from the 

estuaries to the inner habitats, followed by a minor decrease in the outermost sites. Similar, the 

fraction of large cells increased from river estuaries to inner habitats but decreased to the 

outermost sites (Figure 4). From the chlorophyll a measured at 15 m, the pattern looked 

somewhat similar, however; with a more distinct pattern of increasing concentrations along a 

gradient from inner to outer, in addition to some minor differences in the fraction of small and 

large cells (Appendix V).  
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Figure 4: Chlorophyll a. The relative and total concentration of chlorophyll a (µg/L) measured in the surface in 

May, June, and August. The first y-axis displays the relative abundance of the two size fractions, cells larger than 

5µm (white) and cells smaller than 5µm (grey). The second y-axis displays the total concentration of chlorophyll 

a, measured as µg/L. The sites are classified as habitat categories: River estuaries (Estuary), inner (Inner), outer 

(Outer), or marine endpoints (Marine). 
 

3.2 Zooplankton communities 
 

3.2.1 Total and relative and abundance  

The total number of individuals (Figure 5) was highest in the river estuary (~20.000 ind. m-3) 

and outer habitats (~12000 ind. m-3), and lowest in the marine endpoints (~700 ind. m-3). 

Meroplankton (mainly cirriped nauplii) dominated the abundance in all habitats in May, except 

for the marine sites, which also showed low zooplankton abundance compared to the other 

habitats (Figure 5). In June, the total abundance was highest in the river estuary habitats (~5000 

ind. m-3) and decreased to the inner and outermost sites (~2500 ind. m-3). In general, June had 

low zooplankton abundances compared to May. Parallel to the total abundance, the abundance 

of meroplankton (mainly cirriped nauplii) decreased from the river estuaries to the marine 

endpoints, while the other groups kept rather similar abundances from inner to outer habitats  

 

August June May 
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Figure 5: Total (ind. m-3) (A) and relative zooplankton abundance (B). The total and relative abundance of 

zooplankton shown from May to June, classified as river estuaries (Estuary), inner (Inner), outer (Outer), or marine 

endpoints (Marine). The different groups of zooplankton are marked as green (copepod nauplii), purple (large 

copepods, copepodite stages), orange (large copepods), yellow (meroplankton), blue (other) and pink (small 

copepods). Shown are mean values for all fjords studied. 

 

(Figure 5). In August, the total abundance increased slightly from the river estuary (~3000 ind.  

m-3) to the outer habitats (~4000 ind. m-3), for so to decrease again in the marine endpoints 

(Figure 5). Small copepods were dominating in August, mainly O. similis, followed by 

Pseudocalanus spp. and Microcalanus spp. The relative abundance from May showed a 

decrease in the fraction of copepod nauplii from the innermost (~35%) to the outermost sites 

(~18%). In addition, there was a dominance of meroplankton in the estuary, inner and outer 

habitats (>50% of the total abundance), predominantly cirriped nauplii and a few polychaete 

larvae (Figure 5). The fraction of meroplankton decreased in the marine sites (~20%). The 

relative abundance (Figure 5) of small copepods and other zooplankton, mainly euphausiid 

larvae, were, however, the highest within the marine sites. In June, there was a more evident 
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trend along the gradient from the estuary to marine habitats, showing an increase in copepod 

nauplii, large juvenile copepods (mainly Calanus spp.), and small copepods (mainly O. similis 

and Pseudocalanus spp.) (Figure 5). Similarly, there was a decrease in meroplankton, 

predominantly cirriped nauplii, and a smaller fraction of bivalve veliger, from the inner (~70%) 

to outer sites (~12%). In August, the variation from river estuaries to marine habitats was 

relatively small, and the fraction of small copepods dominated (~70%) all four habitats, mainly 

O. similis, followed by Pseudocalanus spp. and Microcalanus spp. (Figure 5). There was a 

minor increase in the abundances of Calanus spp. (copepodite stages) from inner to outer 

habitats. The total abundance (ind. m-2) (Appendix VI) showed the same high numbers in May; 

however, in June and August the abundance showed an increase along the gradient from river 

estuary habitats to marine endpoints. 

 

Table 3: Total list of taxa. The total list of taxa throughout May, June, and August for all habitats. The list shows 

the category of zooplankton group (Figure 5), and the trophic mode; herbivores (H), omnivores (O), or carnivores 

(C) (Figure 7). 

Taxa Group Trophic 
mode 

Taxa Group Trophic 
mode 

Copepoda nauplii 
  

Gelatinous taxa 
 

Calanoida (nauplii) Copepoda nauplii H Aglantha digitale Other C 

Copepoda (nauplii) Copepoda nauplii H Beröe cucumis Other C 

Small copepods 
  

Dimophyes arctica Other C 

Microcalanus spp.  Small copepods O Mertensia ovum  Other C 

Microsetella norvegica Small copepods O Other 
  

Oithona atlantica  Small copepods O Alentia gelatinosa Other O 

Oithona similis Small copepods O Chaetognatha Other C 

Oncaea spp. (juvenile) Small copepods O Euphausiidae (larvae) Other O 

Pseudocalanus spp.  Small copepods H Fritillaria borealis Other H 

Triconia borealis  Small copepods O Isopoda (larvae) Other O 

Large copepods 
  

Limacina helicina (veliger) Other H 

Calanus spp. Large copepods H Oikopleura spp.  Other H 

Metridia longa Large copepods O Parasagitta elegans Other C 

Meroplankton 
  

Themisto abyssorum  Other C 

Bivalvia (veliger) Meroplankton O Thysanoessa inermis  Other O 

Cirripedia (nauplii) Meroplankton H 
   

Cirripedia (cypris) Meroplankton O 
   

Echinodermata (larvae) Meroplankton O 
   

Hyas araneus (larvae) Meroplankton O 
   

Polychaeta (larvae) Meroplankton O 
   

Trochophora (larvae) Meroplankton O 
   

Zoea (larvae) Meroplankton O 
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3.2.2 Holoplankton and meroplankton  

The total abundance of holoplankton (Figure 6A) showed the greatest values in the river estuary 

habitats in May (>6000 ind. m-3), with a dominance of copepod nauplii. This dominance was 

similar in all the habitats in May except the marine endpoints, showing much lower total 

abundance (~500 ind. m-3) (Figure 6A). June was characterized by a dominance of Calanus 

spp. followed by nauplii stages, O. similis, and Pseudocalanus spp. In contrast, August was 

dominated by O. similis in all habitats (Figure 6A). The total abundance of meroplankton  

 

 

 

Figure 6: Total (ind. m-3) and relative abundance of holoplankton (A) and meroplankton B). The relative 

and total abundance of holoplankton and meroplankton are shown from May to June, classified as river estuary 

(Estuary), inner (Inner), outer (Outer), or marine endpoints (Marine). The different groups of holoplankton are 

marked as turquoise (Appendicularia spp.), yellow (Calanus spp.), purple (Chaetognatha spp.), blue (Euphausiidae 

spp.), orange (Metridia longa), green (Oithona similis), pink (other small copepods), grey (others), purple 

(Pseudocalanus spp.). The different groups of meroplankton are marked as green (bivalve veliger), purple (cirriped 

cypris), orange (cirriped nauplii), yellow (decapoda nauplii), blue (echinoderm larvae) and pink (polychaete 

larvae). Shown are mean values for all fjords studied. 
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(Figure 6B) showed higher abundances at the river estuary, inner and outer habitats in May 

(~6000-14.000 ind. m-3), in comparison with the marine endpoints, but also the other months. 

A clear dominance of cirriped nauplii characterized May. The total abundances showed a 

decreasing pattern from May to August, moreover a shift from cirriped nauplii and cypris, to 

bivalve veliger (Figure 6B). 

 

3.2.3 Trophic level assignments 

The relative abundance of herbivores, omnivores, and predators (Figure 7A) showed a 

dominance of herbivores in May, followed by a shift to omnivores in August. The predator 

species showed only minor abundances relative to the herbivores and omnivores but can be 

seen as total abundance in Figure 7B. The predators showed an abundance of mainly 

Parasagitta elegans and Beröe cucumis at the river estuary and inner habitats in May, followed 

by zero individuals in the outermore habitats. In June and August, a dominance of P. elegans 

was detected, in addition to a few arrow worms (Chaetognatha spp.) at the inner and outer 

habitats in June (Figure 7B).  

 

 

 

Figure 7: The relative abundances of herbivores, omnivores, and predators (A), and the total abundance of 

predators (B) (ind. m-3). The relative abundance, classified as herbivores (color) and omnivores (color), and 

predators, displaying green (Aglantha digitale), purple (Beröe cucumis), orange (Chaetognatha spp.), yellow 

(Dimophyes arctica), blue (Mertensia ovum), pink (Parasagitta elegans) and brown (Themisto abyssorum). Data 

shown from May to June, classified as river estuary (Estuary), inner (Inner), outer (Outer), or marine endpoints 

(Marine). Shown are mean values for all fjords studied.  
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3.2.4 Zooplankton biomass 

The biomass (dry weight, g m-3) of zooplankton (Figure 8) showed no significant differences 

between the months (Kruskal-Wallis, p=0.107), nor between the habitats in each month 

(Kruskal-Wallis, May: p=0.058, June: p=0.062, August: p=0.455). In May, the overall biomass 

was highest at the inner habitats, which also showed the most considerable variation (~0.02-

0.55 g). In June, there was a minor trend of increasing biomass from the inner sites to the 

outermost sites, but again, no significant difference. In contrast to May and June, the biomass 

from August showed an increase from the innermost sites to the marine, despite of no 

significance in differentiation (Figure 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: Biomass (dry weight, g m-3). The biomass measured in May, June, and August. The sites are classified 

as habitat categories: River estuaries (Estuary, brown), inner (Inner, white), outer (Outer, turquoise”) or marine 

endpoints (Marine, blue), and each fjord is represented as a shape (Adventfjorden (AF)=circle, Billefjorden 

(BF)=square, Isfjorden (IF)= diamond, Tempelfjorden (TF)=triangle). 

 

3.2.5 Species diversity (Shannon Wiener Diversity Index) and richness  

Shannon Wiener Diversity Index (Figure 9A) showed no significant difference between the 

three months (One-Way ANOVA, p=0.43). However, a trend of increasing diversity from river 

estuaries to the marine habitats was seen, and all three months showed significant differences 

between the habitats (One-Way ANOVA, May: p=0.002, June: p=0.016, August: p=0.011) 

(Figure 9A). In the estuary and inner habitats, there was a small decrease in June, followed by 
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an increase in August. In the outer habitats, there was an increase in June, but with large 

variations within the class, followed by a decrease in August (Figure 9A). In the marine 

endpoints there was an overall decrease from May to August, but also here with large variations 

within the habitats in August. The number of taxa (species richness) (Figure 9B) was similar to 

the species diversity in comparison of the months (no significant difference between the 

months, Kruskal-Wallis, p=0.222). However, when comparing the habitats within each month, 

May and June showed no significant difference (One-Way ANOVA, May: p=0.96, June: 

p=0.324), whereas, within August, differences were found between habitats (Kruskal-Wallis, 

p=0.019) (Figure 9B). In addition, the species richness in June showed a decrease from the 

inner and outer sites to the marine habitats, the opposite from May and August.   

 

 

Figure 9: Shannon Wiener Diversity Index (A) and species richness (B). Shannon Wiener Diversity Index and 

species richness (number of taxa) calculated for May, June, and August. The sites are classified as river estuaries 

(Estuary, brown), inner (Inner, white), outer (Outer, turquoise) or marine endpoints (Marine, blue), and each fjord 

is represented as a shape (Adventfjorden (AF)=circle, Billefjorden (BF)=square, Isfjorden (IF)= diamond, 

Tempelfjorden (TF)= triangle). 

 

 

3.3 Environmental drivers of zooplankton community structure 

 

As seen in the physical and biological environmental parameters, differences and variation were 

found both seasonally and spatially. Based on these findings, we investigated if and how the 

zooplankton community was impacted by the environment.   
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3.3.1 DCA (individuals m-3)  

DCA axis 1 explains 31.3% of the total zooplankton variation and is mostly related to the 

parameters Julian day, surface temperature, and Secchi depth, separating the three months apart 

(Figure 10). Surface temperature increases along with August, whereas the Secchi depth is 

positively related to May. The first axis separates the months (May, June, August), whereas the 

second axis is mostly separating the habitat categories (Estuary, Inner, Outer, Marine) (Figure 

10). Also, DCA axis 2 explains less variation (8.9%) and is negatively correlated to chlorophyll 

a, salinity, and depth (Figure 10). In addition to environmental parameters, depth and Julian 

day, the most abundant taxa are shown in relation to their distribution, showing a pattern of 

bivalve veliger and copepod nauplii positively related to August, and cirriped nauplii, 

Figure 10: DCA diagram. DCA diagram showing community data (individuals m-3) from May (circles), June 

(squares), and August (triangles), classified as river estuary (brown), inner (white), outer (turquoise) and marine 

(blue) habitats. The zooplankton data is log-transformed (log (x+1)), and 30% of the most abundant (numerous) 

taxa are shown in dark blue (bivalve veliger, Copepoda nauplii, Pseudocalanus spp., Calanoida nauplii, Fritillaria 

borealis, Calanus spp., Oithona smilis, Polychaeta juveniles, cirriped nauplii, euphausiid larvae). Environmental 

variables, in addition to depth and Julian day, are passively placed on top of the diagram (chlorophyll a, depth, 

Julian day, surface salinity, Secchi depth, surface temperature, and surface turbidity). 
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Calanus spp. and euphausiid larvae positively correlated with May (Figure 10). Related to the 

innermost habitats are polychaete larvae and O. similis, while Calanoida nauplii and Fritillaria 

borealis are more associated with the marine endpoints.   

 

3.3.2 CCA (individuals m-3): Variation excluding seasonality 

The CCA diagram (Figure 11) shows each site categorized as habitats, excluding the variation 

explained by the parameters mostly related to season (Month, Julian day). Both axes show 

eminently low eigenvalues, which indicates that seasonality explains the most variation (33%), 

followed by temperature (22%) (Table 3). CCA axis 1 with an eigenvalue of 8.1% shows a 

pattern of separation between the marine/outer habitats, and the inner and estuary habitats. It 

indicates that despite low eigenvalues, there is a spatial pattern independently from the 

seasonality (Figure 11). The environmental parameters positively correlated with the marine  

Figure 11: CCA diagram. CCA diagram showing community (individuals m-3) data from May (circles), June 

(squares), and August (triangles), classified as estuary (brown), inner (white), outer (turquoise), and marine (blue) 

habitats. The variation is explained, excluding the variation explained by month and Julian day, but including 

surface environmental parameters (Chlorophyll a, Secchi depth, temperature, turbidity, and salinity). Zooplankton 

data is log-transformed (log (x+1)), environmental variables transformed as zero skewness. 30% of the most 

abundant (numerous) taxa are included in dark blue (bivalve veliger, Copepoda nauplii, Pseudocalanus spp., 

Calanoida nauplii, Fritillaria borealis, Calanus spp., Oithona smilis, Polychaeta juveniles, cirriped nauplii, 

euphausiid larvae), to show in which direction the taxa characterize the sites and environmental parameters. 
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sites are Secchi depth, salinity, and temperature, whereas the innermost sites are positively 

correlated with high turbidity. In the CCA excluding seasonality, only surface parameters are 

included, where Secchi depth and chlorophyll a are significant (Table 4). In the direction of the 

river estuary and inner sites, there is bivalve veliger, O. similis, F. borealis, and cirriped nauplii. 

In contrast, in the direction of the more marine sites, there are copepod nauplii, Pseudocalanus 

spp., Calanus spp., and euphausiids.   

 

Table 4: Parameters in the CCA ordination analysis, their inertia (variation explained), the inertia proportion for 

each parameter, p-value, and significance. The data is from May, June, and August.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5:  Surface environmental parameters in the CCA ordination analysis excluding seasonal variation. Degrees 

of freedom, chi square, F and p-value of significance (* if significant) are shown. 

 

  Df Chi square F p-value Significant 

Secchi depth (m) 1 0.04303 2.5568 0.001 * 

Total chlorophyll a (ug/L) 1 0.03566 2.1189 0.020 * 

Temperature (℃) 1 0.01742 1.0350 0.412 
 

Turbidity (NTU) 1 0.02069 1.0350 0.412 
 

Salinity (PSU) 1 0.01484 0.8821 0.574 
 

Residual 35 0.55665     
 

 

 

Parameter Depth Inertia (variation 
explained) proportion 

P-value Significant (-/*) 

Month 
 

0.33 0.001 * 

Temperature (℃) 15 m 0.22 0.001 * 

Temperature (℃) Surface 0.21 0.001 * 

Fjord 
 

0.11 0.01 * 

Type 
 

0.1 0.01 * 

Secchi depth (m) 
 

0.1 0.001 * 

Depth (m) 
 

0.06 0.005 * 

Salinity (PSU)  Surface 0.06 0.011 * 

Salinity (PSU)  15 m 0.06 0.002 * 

Turbidity (NTU) 15 m 0.04 0.054 - 

Total chlorophyll a (ug/L) Surface 0.04 0.069 - 

Total chlorophyll a (ug/L) 15 m 0.04 0.071 - 

Turbidity (NTU) Surface 0.04 0.137 - 

Total  
 

1 
  



 33 

 4. Discussion 

 
4.1 Terrestrial input 

 
As expected, the terrestrial influence in Isfjorden increased as the snow and glacial melt season 

progressed with the freshest, warmest, and most turbid water found in August. Weaker, but 

distinct spatial patterns were also found with gradually less terrestrial influence from inner to 

the outer fjord sites, which is in accordance with previous studies (Lydersen et al. 2014; 

Carmack, Winsor, and Williams 2015; McGovern et al. 2019). Surface sea temperatures 

increased with increasing air temperatures (Appendix III). Particle input further accellerreted 

the temperatures since these dark particles efficiently absorb the solar irradiance. High input of 

particles also leads to high turbidity (Murray et al. 2015), which was clearly shown by the 

reduced Secchi depths. Despite expectations of lower chlorophyll a biomass in the innermost, 

most turbid sites, no clear spatial gradient was documented for chlorophyll a. However, the 

increase in total chlorophyll a along the fjordic gradient in May could indicate that the spring 

bloom started earlier in the innermost parts of the fjords prior to melting of the ice, followed by 

the outer sites, which had a still ongoing bloom during the sampling campaign in May. The low 

amount of nutrients at the innermost sites suggested that that the spring bloom had passed its 

peak, in contrast to the outer sites, where the nutrients were higher (McGovern et al., in prep.). 

 

4.2 Zooplankton distribution along the land-sea gradient 
 

4.2.1 Terrestrial impact on spatial patterns of zooplankton distribution 

Species distribution 

The most prominent spatial change of zooplankton species distribution along the salinity and 

turbidity gradient from inner to outer fjord habitats was related to the relative occurrence of 

meroplankton. Previous studies have shown clear spatial differences in zooplankton 

distribution related to environmental changes, such as glacial and riverine input (Tang et al. 

2011; Arendt et al. 2016; Arimitsu, Piatt, and Mueter 2016). From glacial influenced fjords in 

the often very long and deep Greenland fjords, smaller copepod species such as Microsetella 

spp., Pseudocalanus spp. and O. similis have been characteristic of the inner part of the fjords 

near the glacial plumes, whereas Calanus spp. have been detected further out, in less turbid and 
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terrestrial influenced water (Tang et al. 2011; Arendt et al. 2016). In this study, the small 

copepod species, especially the cyclopoid copepod O. similis, were numerically important on 

all sites in all four habitats. These omnivorous copepods are cosmopolitans and are known to 

be tolerant to a wide range of salinities (Hansen et al. 2003; Walkusz et al. 2003; Ward and 

Hirst 2007), which could explain the similar abundances of O. similis throughout all the habitats 

in all months, especially in August. However, despite its suggested tolerance, O. similis may 

also be limited by temperature, and their development into more adult stages increases with 

higher temperatures (Ward and Hirst 2007). Billefjorden, a colder and more Arctic fjord 

enclosed by a sill, showed lower abundances than Adventfjorden and Tempelfjorden. This 

could suggest temperature to be a limiting factor in their distribution (Gluchowska et al. 2016). 

However, the lower abundance of O. similis could also be a direct result of less advection of 

water masses, due to the restricting sill in the fjord mouth. 

 Other small copepods, such as Oncaea spp., were only documented in the marine 

habitats. Oncaea spp. is often related to deeper water, which could explain their lack of presence 

in the shallower sites (Auel and Hagen 2002). In contrast, Microcalanus spp. was found in 

higher abundances at the marine endpoints but has, in previous studies, shown to be largely 

tolerant of physical changes in the environment (Hunt et al. 2014). Therefore, with an increase 

in terrestrial inputs, Microcalanus spp. may adapt and be more numerous at inner sites in the 

fjord. Studies have previously suggested that small copepods are often overlooked and thus 

underestimated in terms of their role as top-down grazers on algae or as prey for others when 

comparing with larger copepod species (Arendt et al. 2013; Tang et al. 2011; Turner 2004). 

 On a related note, one would expect to see higher abundances of larger copepods, 

especially Calanus spp., in the outermost habitats (Gluchowska et al. 2016; Stübner 2016). 

Gluchowska et al. 2016 (Gluchowska et al. 2016) documented advection of Calanus spp. from 

the outer shelf with currents into Isfjorden, moreover higher abundances than seen in this study. 

Also, previous studies have related Calanus spp. to the outer, less terrestrially influenced parts 

of glacial-fed fjord systems (Tang et al. 2011). The low abundances could be explained by 

migration to deeper water later in the season (Arendt et al. 2013), or interannual variation with 

lower abundances this specific year (Estrada et al. 2012; Hunt et al. 2014). C. glacialis has been 

documented to respond to hydrography in shallow areas and decrease with temperature and 

salinity (Daase et al. 2007). This could explain the low abundances of large copepods at the 

innermost sites, Calanus spp. in particular, considering the shallow sampling sites. However, a 

high occurrence of copepod nauplii was documented in the innermost sites in May. These high 
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abundances of herbivorous zooplankton could furthermore support the indication of an early 

onset spring bloom starting in the innermost part of the fjord, as described above. 

 In addition to copepods, other taxa have shown to be influenced by terrestrial input. 

From a study from a glacially influenced fjord in the Gulf of Alaska (Arimitsu, Piatt, and Mueter 

2016), euphausiids increased in abundance with higher turbidity. A similar pattern was not 

detected in this study, even though higher abundances of euphausiids were documented in some 

of the inner sites in Tempelfjorden, which had higher turbidity. Moreover, ctenophores and 

other gelatinous species are shown to be highly tolerant to both changes in temperature and 

salinity (Purcell 2005). However, few gelatinous species were sampled in this study, and 

support other studies concluding that these gelatinous species are scarce in terrestrially 

influenced sites, such as glacial plumes (Balqis et al. 2019). Cnidarians and ctenophores are 

understudied, and the effects of terrestrial input in coastal ecosystems on these taxa are yet to 

be highlighted (Lucas et al. 2014) and should get more attention in future studies. 

Appendicularians, such as Oikopleura spp., and F. borealis, have previously been shown to 

have a high tolerance to low salinity (Estrada et al. 2012), where the latter species has been 

related to coastal areas, showing high abundances close to shore (Wyatt 1973). This, however, 

is not confirmed by this study where low abundances were seen throughout the months, and 

solely in outer habitats in May. These low abundances could be explained by local variations 

and, again, the advection of water masses (Basedow et al. 2004; Wassmann et al. 2015). 

 When comparing the zooplankton distribution along a gradient from inner to the outer 

fjord, it is also important to take into account the challenges coastal areas may include. The 

sampling sites included both very shallow sites (~8 m) and deeper sites (~250 m), which led to 

difficulties when comparing the zooplankton communities. It is important to point out that the 

abundance per cubic meter was chosen, rather than per square meter. Most zooplankton are 

found in the upper water column, hence depth stratified sampling would have been preferred 

and is recommended for similar future studies. Different ways to standardize the sampling sites 

were tested, e.g. only include the upper 50 meters or the calculated euphotic zone, but due to 

their vertical migration, a correction of the depth could potentially eliminate important data. 

 

Size distribution  

Freshwater input has previously shown to influence the copepod community composition, 

shifting from smaller to larger copepod species along a gradient from more freshwater input to 

less (Tang et al. 2011; Middelbo et al. 2018). Therefore, it was expected to see a more apparent 

shift in copepod sizes along a gradient from inner to outer habitats; however, a clear spatial 



 36 

pattern was not detected. As mentioned earlier, the advection of water masses is an important 

factor (Gluchowska et al. 2016) and could influence the distribution of both smaller and larger 

sized copepods, in addition to younger copepodite stages (Mileikovsky 1968; Basedow et al. 

2004). In fact, an increasing abundance of small copepods from the inner to outer parts of 

Isfjorden has previously been documented from Isfjorden (Gluchowska et al. 2016), which also 

highlights the dynamic system in Isfjorden. In addition, the effect glaciers have on zooplankton 

by entrapping them in deeper water layers due to system circulation, might also be influencing 

both smaller and larger copepods, leading to a less clear gradient from inner, glacial sites to 

outer sites (Lydersen et al. 2014).  

 It is also essential to emphasize that although this study expected differences along a 

gradient from inner to outer sites, all the included sites are a part of Isfjorden, which still is a 

fjord system, overall influenced by freshwater input (Nilsen et al. 2008). When comparing the 

marine endpoints in this study to actual open water stations, there are differences in both 

abundance and composition. E.g., the total abundance of zooplankton late in the summer was 

substantially higher than in open water north of Svalbard (Daase and Eiane 2007), especially in 

comparison with the innermost sites. Also, from the same study, even though some of the same 

species were abundant, such as O. similis and Pseudocalanus spp., species as Microcalanus 

spp. was highly abundant in open water. In this study, Microcalanus spp. were less abundant, 

even in the deeper marine endpoints. In addition, meso- and bathypelagic species have been 

documented with higher abundances in deeper, more open water, such as Themisto libellula, T. 

abyssorum and Eukrohnia hamata, in comparison with the marine endpoints in this study (Hop 

et al. 2006).  

 

Zooplankton biomass and diversity  

In addition to species and size distribution, species richness and diversity are essential factors 

in the Arctic marine ecosystem (Tittensor et al. 2010). It is commonly known that stress, e.g. 

environmental disturbance such as glacial or riverine input, may decrease both species richness 

and diversity (Witman et al. 2008; Estrada et al. 2012; Cauvy-Fraunié and Dangles 2019). This 

is further confirmed by differences shown in species diversity in exposed areas in comparison 

with sheltered areas (Scrosati et al. 2011). The clear changes in terrestrial input, as described 

earlier, would indicate more stress and thus an expectation of lower richness and diversity. 

Species diversity showed increasing changes along the gradient from the inner to the outer 

habitats, thus supporting previous research (Cauvy-Fraunié and Dangles 2019). This also 

concedes with Kosobokova et al. 2011 (Kosobokova, Hopcroft, and Hirche 2011), suggesting 
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that diversity increases with depth in the Arctic Ocean. For that reason, the increased species 

diversity could also be a result of increasing depth from inner to outer fjord. This would, 

however, be more evident with depth stratified sampling. Despite no significant differences 

between the months, a pattern of lower diversity was detected in August. This could be 

explained by the high dominance of O. similis, as the numerical dominance of smaller species 

may lower the diversity (Blachowiak-Samolyk et al. 2008; Estrada et al. 2012). 

 Glaciers are also known to lower the productivity in terms of abundance and biomass 

(Tittensor et al. 2010; Cauvy-Fraunié and Dangles 2019), where a negative impact has been 

documented on several groups of organisms in glacial-fed fjords (Estrada et al. 2012; Cauvy-

Fraunié and Dangles 2019). Additionally, the biomass of zooplankton is lower in more stratified 

water in comparison with deeper, more well-mixed water (Estrada et al. 2012). The zooplankton 

biomass, however, did not show a clear increase along the gradient from inner to outer, in 

contrast to what was expected. In fact, the opposite trend was observed during the two first 

months, although, with no significant changes. This trend could be explained by a number of 

reasons. First of all, positive effects of glaciers have been reported, with the abundance of some 

taxa, e.g. with higher ability to specialize, have increased (Roman, Holliday, and Sanford 2001; 

Tang et al. 2011; Arendt et al. 2016). Similarly, zooplankton biomass has been documented to 

decrease with increasing distance to glaciers and river estuaries in fjord systems, which have 

been related to both temperature and advection of water masses ( Lydersen et al. 2014; 

Arimitsu, Piatt, and Mueter 2016). Additionally, glacially fed fjords have shown to differ in 

effects; Arimitsu et al. 2016 (Arimitsu, Piatt, and Mueter 2016) observed the highest biomass 

of all zooplankton species combined near the glaciers in areas with great estuarine influence. 

In contrast, a negative impact was documented in a more oceanic study region. On a side note, 

as much as 50% of the total biomass may be based in the upper layers of the water column 

(Auel and Hagen 2002), which suggests that a different pattern would have detected solely 

looking at the upper water column. When seeing the biomass per square meter, the opposite 

pattern was seen in June and August, which adds further support to this. 

 It is also important to emphasize that this study did not separate the zooplankton groups 

when measuring biomass, which makes it challenging to compare to specific groups in other 

studies. Also, despite the low abundance, ctenophores and cnidarians were of practical reasons 

not included in the biomass but should be accounted for in future studies. Additionally, when 

looking at the high biomass at the marine sites in August in comparison with the similar 

abundance throughout the habitats, it could be suggested that some error has occurred when 

measuring the biomass from the marine sites.  
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Trophic mode 

When looking at the dominant feeding modes of the zooplankton, a clear temporal shift was 

observed, but a spatial pattern was not. The seasonal pattern of herbivorous zooplankton 

dominance in May to omnivorous species dominance in August has also be seen in previous 

similar studies (Blachowiak-Samolyk et al. 2007) and is probably related to the shift from 

herbivorous cirriped nauplii in the spring to smaller omnivorous copepods. In comparison with 

the herbivorous and omnivorous species, the carnivorous species were outweighed in relative 

abundance. Their importance could also be more important after the summer months when most 

of the herbivores descend to deeper waters (Søreide et al. 2003). However, when looking only 

at the carnivores, some spatial patterns were detected. P. elegans mainly feed on copepods, 

which could explain the slight increase from river estuary sites to the outermost sites in June 

and August (Solov’ev and Kosobokova 2003). However, their abundance at the innermost sites 

in May could also confirm that they feed on smaller zooplankton, such as copepod nauplii and 

Pseudocalanus spp. (Falkenhaug 1991). Therefore, they may also take advantage of the high 

abundances of smaller zooplankton in the river estuaries early in the season. The gelatinous 

species Mertensia ovum is also observed in the estuaries later in the season. Even though the 

small copepods match with their preferential prey, M. ovum has also shown to feed on both 

bacterio- and microplankton (Majaneva et al. 2014), which could indicate they are grazing on 

that at the inner sites. Despite only a few individuals, these patterns could suggest that predators 

may take advantage of the available food at terrestrial influenced sites.  

 The herbivores and omnivores did, however, not show any distinct spatial patterns, 

despite a minor increase in abundance in June and August. As pointed out in the aims of this 

study, the expectations of a spatial gradient regarding trophic mode were challenged by a lack 

of similar, previous research. An explanation of this could be the lack of clear differentiation 

between the two trophic levels (Turner et al. 2001), which is also important to highlight when 

discussing zooplankton feeding preferences. Pure herbivorous or carnivorous species are rare 

amongst zooplankton and must be considered with caution (Mauchline et al. 1998; Blachowiak-

Samolyk et al. 2007). Many of the species observed in this study are hard to distinguish when 

classifying feeding habits, and may also shift from one life stage to another (Nielsen 2018). 

Additionally, previous studies from Adventfjorden based on stable isotopes have suggested it 

to be hard to characterize zooplankton to trophic level in these waters, primarily because of the 

dynamic system (Carrasco et al. 2019). Also, the expected shift from omnivores to herbivores 

along the gradient was partly based on the expectation of decreased primary production in the 

innermost habitats, which was not seen clearly in this study.  
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4.2.2 Seasonal patterns 

The seasonality in the Arctic is strong and influences the life cycles and strategies of the 

zooplankton (Michelsen et al. 2017; Weydmann et al. 2013). This study documented a strong 

seasonality in relation to the contribution of meroplankton. However, when looking at 

holoplankton separately, some clear seasonal patterns were also detected. The abundance in 

May was dominated by copepod nauplii, which continued with earlier stages of Calanus spp. 

in June. These patterns support previous research (Hop et al. 2006; Weydmann et al. 2013), 

where larger copepods, such as Calanus spp. adults, ascend from the deeper water layers in 

timing with spring bloom for hatching (Daase et al. 2013). In August, however, the large 

fraction of smaller sized copepods relative to larger sized species is unexpected (Gluchowska 

et al. 2016). Small copepods often increase in abundance later in the summer, and their 

dominance has been documented earlier in the Arctic (Hop et al. 2006; Svensen et al. 2011). 

Nevertheless, it would be expected to see a more substantial fraction of large adult copepods at 

this time of the year, especially Calanus spp., furthermore a evener balance between small and 

large copepods (Gluchowska et al. 2016). One explanation to this pattern could be a migration 

of larger sized copepods to deeper water, which may also support the large fraction of small 

copepods as they may follow this migration, and occupy the upper, more productive water layer 

(Arendt et al. 2013). Also, the copepodite stages of C. finmarchicus (<CIV) may stay in the 

surface until the end of August due to timing of reproduction, which is longer than the more 

arctic species C. glacialis, and could explain the relative abundance of copepodites relative to 

adult copepods (Weydmann et al. 2013). 

 

4.2.3 Meroplankton 

Meroplankton is a group of plankton with high seasonal variability, as they mainly comprise of 

larval stages that disappear from the water column once their development towards settlement 

and further development to adulthood is moving on (Stübner et al. 2016). Previous studies have 

documented that tidal currents may favor and lead to an accumulation of meroplankton near 

river plumes (Ayata et al. 2011), also, to enhance their survival through nutrient input (Fetzer 

and Arntz 2008). A spatial pattern of decreasing meroplankton and increasing holoplankton 

along a salinity gradient from inner to outer was detected in May and especially in June. Even 

though many studies have been focusing on the comparison of shelf areas and deeper oceanic 

waters, benthic larvae have shown also to be more abundant close to shore rather than in open 

fjord (Fetzer 2003; Hop et al. 2019). Moreover, the contribution of meroplankton to the total 
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zooplankton community and their abundances may be higher in estuaries and inlets (Kulikova, 

Solokhina, and Samatov 2000; Fetzer 2003).  

 Several studies have shown that an estuarine turbidity maximum, enforced by the 

estuarine circulation, may act as an entrapment zone for zooplankton, in particular for smaller 

species, such as meroplankton and smaller copepods (Crump and Baross 1996; Roman, 

Holliday, and Sanford 2001). These entrapment zones lead to less risk of predation due to high 

turbidity, and opportunities of bacterial grazing (Roman, Holliday, and Sanford 2001). The high 

abundances of cirriped nauplii and cypris at the river estuary habitats could be explained by this 

feature. The entrapment zones could also explain the higher abundances of polychaete larvae 

in the river estuaries. Moreover, that may lead to further accumulation and up-concentration of 

their offspring, leading to them to inhabit estuaries (Kuklinski et al. 2013). It is also important 

to emphasize the dynamic of the river and glacier plumes and note that many of the sampling 

sites were influenced by a clear distinction between highly turbid water in comparison with 

clearer, less turbid water. These high turbidity water masses may change rapidly. Thus, even 

though a clear pattern was seen along the gradient from inner to outer, one must take into 

account the local changes, that may change from one day to another and from one tidewater 

cycle to the other with wind direction. As described earlier, meroplankton may be less 

influenced by the advection of water masses, due to their short period in the pelagic, thus being 

more dependent on the local environment (Mileikovsky, 1968). This could also explain the 

dominance of meroplankton in relation to holoplankton, as a result of holoplankton being more 

affected than meroplankton. Also, the clogging of the net by Phaeocystis spp. in May, may have 

resulted in data not being evident. From personal observations, these samples were rich with 

cirriped nauplii, which were not clearly reflected in the sample analysis. 

 Arctic meroplankton is known to have strong seasonal pulses, with blooms in the most 

productive season around spring and summer, dominating the zooplankton community in both 

biomass and abundance (Gluchowska et al. 2016; Stübner et al. 2016). This is in accordance 

with this study, which shows a clear peak of meroplankton early in the season, but earlier than 

seen in previous studies (Stübner et al. 2016; Brandner et al. 2017), with the highest abundances 

in July. Meroplankton are associated with temperature and chlorophyll a (Michelsen et al. 

2017), which could explain the considerable high abundance in spring, given that the spring 

bloom may have started earlier than in previous studies, as described earlier. The low 

abundances of meroplankton in August were unexpected when looking at previous research 

from the same area (Stübner et al. 2016). However, this could be explained by the narrow 
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window of meroplankton occurrence in the water column (Gluchowska et al. 2016); thus, the 

abundance is lower at the end of the season in comparison with earlier in the season.  

 Despite the lower abundances later in the season, there was a clear seasonal shift in the 

species composition from May to August, which also has been shown in previous studies 

(Meerhoff, Tapia, and Castro 2014; Stübner et al. 2016; Michelsen et al. 2017). The dominance 

of cirriped nauplii and cypris earlier in the productive season relative to bivalve veliger could 

be explained by the benthic community in Isfjorden, in particular at the inner sites, and again; 

the advection of water masses into the fjord system (Gluchowska et al. 2016). In addition, 

bivalve veliger has shown to be associated with warmer water, in contrast to barnacle larvae, 

which are related to colder water and chlorophyll a concentration (Meerhoff, Tapia, and Castro 

2014). This could explain the seasonal shift, moreover, the increase of bivalve veliger from 

inner to outer sites in June, and August, as the temperatures rise throughout the season.  

 

4.3 Terrestrial influence and drivers 
 

The findings of this study agree with those previous that have documented a terrestrial influence 

on the spatial distribution of the zooplankton communities (Tang et al. 2011; Arimitsu, Piatt, 

and Mueter 2016; Middelbo et al. 2018). Zooplankton communities are influenced by the 

physical properties of the water masses surrounding them (Kaiser et al. 2011). Salinity is an 

important driver and a potential limiting factor for zooplankton (Toumi et al. 2005), as well as 

temperature (O’Connor et al. 2007; Meerhoff, Tapia, and Castro 2014). In addition, both food 

availability and predation pressure play an essential role, which both are also affected by 

salinity and temperature (Meerhoff, Tapia, and Castro 2014). In addition to the more globally 

known parameters, more area-dependent factors may also play a role, such as sea-ice thickness 

(Weydmann et al. 2013). In this study,  seasonality, which correlates highly with temperature, 

explained most of the variation, followed by light conditions, salinity, and chlorophyll a. Clear 

spatial patterns were shown in the physical parameters. Thus, it was expected that the 

zooplankton communities changed accordingly. Together with the physical and environmental 

parameters that changed throughout the season, the habitat categories explained some variation, 

which was further confirmed when excluding the parameters directly linked to seasonality, such 

as Julian day and month. This is in accordance with a number of papers that have detected 

changes in both the primary and secondary production due to terrestrial input (Arimitsu, Piatt, 

and Mueter 2016; Middelbo et al. 2018). However, it is essential to take into account that many 

of the parameters showing spatial patterns along the gradient from inner to outer, also vary with 
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the season. It is challenging to separate the seasonality from the spatial gradient, nor the other 

way around. However, this study documents that both temperature, light conditions, and salinity 

are significant factors explaining the zooplankton communities, which are related to 

seasonality, but also terrestrial input.  

 Nonetheless, it is also important to emphasize the residual variation not explained by 

the measured parameters, which are most likely explained by parameters not included in this 

study. One of the most important factors concerning zooplankton dynamics is the advection of 

water masses and water mass properties (Estrada et al. 2012; Gluchowska et al. 2016). Even 

though physical parameters were included, measures of water mass advection would give a 

better understanding of how the zooplankton communities are influenced. Several studies from 

Arctic fjord systems have shown that despite terrestrial influence, advection is a key 

determinantal driver (Arimitsu, Piatt, and Mueter 2016; Gluchowska et al. 2016; Michelsen et 

al. 2017). 

 

4.4 Concluding remarks 

 
This thesis aimed to investigate the influence of terrestrial input on zooplankton communities 

along a gradient from inner to open fjord. By analyzing the environmental physical and 

biological parameters, and the zooplankton abundance, biomass and, diversity, the following 

concluding remarks were drawn. 

 

1. The most important driver of the zooplankton communities, and the factor explaining 

most of the variation, was the seasonality. Both holoplankton and meroplankton showed 

clear seasonal patterns, shifting from mainly copepod nauplii and cirriped nauplii in 

May to O. similis and bivalve veliger in August. A distinct change in the size distribution 

of copepods was not detected spatially. Smaller sized copepods, mainly O. similis, were 

present in all habitats in all months and dominated across all habitats in August. This 

suggests zooplankton communities to be driven by life-history traits (e.g. reproduction 

and seasonal migration), which again explain the high percentage explained by season. 

Spatial zooplankton patterns were much weaker but distinct. The most prominent spatial 

pattern was the high relative contribution of meroplankton to the overall zooplankton 

community at the innermost sites.  
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2. A distinct spatial gradient in feeding preferences was not found from inner to outermost 

sites. However, a clear seasonal pattern was detected, shifting from predominantly 

herbivores in May, to omnivores in August. The thesis also highlighted the difficulties 

with classifying zooplankton feeding preferences correctly. 

 

3. The zooplankton biomass did not change between months, nor between habitats.  The 

species diversity, however, showed a gradual increase from the innermost to the outer 

habitats in all months. Some taxa, such as Oncaea spp., for instance, was only found at 

the marine endpoints, which suggests that other taxa, e.g. O. similis, found everywhere, 

to be more tolerant than other copepod species to differences in the physical 

environment.  

 

All in all, this study supports that terrestrial input has an impact on the zooplankton 

communities, in accordance with previous research. Seasonality, correlated with temperature, 

explained a considerable fraction of the variation, followed by light conditions, and salinity. 

When eliminating the parameters directly associated with seasonality, chlorophyll a was also 

an important driver.  

   With continuing rising temperatures leading to increased terrestrial riverine 

inputs, it is highly recommended with more research on the impact of terrestrial input on coastal 

ecosystems. This study of zooplankton community structures, biomass, diversity, and feeding 

mode in Arctic coastal areas provide important baseline information to enable us to follow the 

ongoing changes in Arctic fjords. In order to gain more knowledge, more detailed zooplankton 

identification is needed, including genetic analysis and a more precise understanding of the 

water mass circulation. 
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Appendix I: Station overview 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site Date Fjord Research vessel  Latitude Longitude Local time 

AF_1 14.05.2018 AF Small boat 78.2330 15.6850 14:45 

AF_2 14.05.2018 AF Small boat 78.2450 15.6717 16:00 

A_NC 14.05.2018 AF Small boat 78.2662 15.6042 11:15 

IsA 11.05.2018 AF R/V Helmer Hanssen 78.2595 15.5217   

IsA 16.05.2018 AF Small boat       

B_Ice 16.05.2018 BF Small boat 78.5403 16.3500 11:10 

B_Outer 10.05.2018 BF R/V Helmer Hanssen       

B_Outer 16.05.2018 BF Small boat 78.5117 16.2583 10:45 

T_Ice 15.05.2018 TF Small boat 78.3711 16.8627 14:00 

T_RE_Degeer 15.05.2018 TF Small boat 78.3462 16.3760 10:54 

T_RE_Gips 15.05.2018 TF Small boat 78.4277 16.5346 15:55 

T_RE_Sassen 15.05.2018 TF Small boat 78.3520 16.8131 12:19 

T_Outer 11.05.2018 TF R/V Helmer Hanssen     14:45 

T_Outer 15.05.2018 TF Small boat 78.3779 16.4742   

ME_3 11.05.2018 IF R/V Helmer Hanssen  78.4195 15.8095   

IsK 10.05.2018 IF R/V Helmer Hanssen       

IsK 16.05.2018 IF Small boat 78.3071 15.1610 14:20 

IsG 10.05.2018 IF R/V Helmer Hanssen  78.1288 14.0028   

A_F1 18.06.2018 AF Small boat 78.2333 15.6833 10:45 

A_F2 18.06.2018 AF Small boat 78.2450 15.6717 14:00 

A_NC 18.06.2018 AF Small boat 78.2650 15.6033 14:50 

IsA  18.06.2018 AF Small boat 78.2595 15.5217 18:00 

B_RE 20.06.2018 BF Small boat 78.7033 16.5717 11:25 

B_Inner 20.06.2018 BF Small boat 78.6483 16.9037 14:15 

B_NC 20.06.2018 BF Small boat 78.5900 16.6067 16:35 

B_Outer 20.06.2018 BF Small boat 78.5117 16.2583 18:00 

T_Inner 22.06.2018 TF Small boat 78.4353 17.3342 14:50 

T_NC 22.06.2018 TF Small boat 78.4239 17.0850 14:07 

T_RE_Degeer 22.06.2018 TF Small boat 78.3462 16.3760 11:00 

T_RE_Gips 22.06.2018 TF Small boat 78.4277 16.5346 17:10 

T_RE_Sassen 22.06.2018 TF Small boat 78.3520 16.8131 12:00 

T_Outer 24.06.2018 TF R/V Clione 78.3782 16.4731 11:45 

ME_3 24.06.2018 IF R/V Clione 78.4195 15.8095 16:45 

IsK 24.06.2018 IF R/V Clione 78.3457 15.5412 05:20 

IsG 23.06.2018 IF R/V Clione 78.1288 14.0028 23:25 

A_F1 17.08.2018 AF Small boat 78.2333 15.6833 14:10 

A_F2 17.08.2018 AF Small boat 78.2450 15.6717 13:46 

A_NC 17.08.2018 AF Small boat 78.2650 15.6033 10:26 

IsA 18.08.2018 AF R/V Helmer Hanssen  78.2595 15.5217 05:45 

B_RE 24.08.2018 BF Small boat 78.7033 16.5717 11:11 

B_Inner 24.08.2018 BF Small boat 78.6483 16.9037 12:31 

B_NC 24.08.2018 BF Small boat 78.5900 16.6067 15:05 

B_Outer 08.08.2018 BF R/V Helmer Hanssen  78.5117 16.2583 15:03 

T_Inner 20.08.2018 TF Small boat 78.4353 17.3342 15:13 

T_NC 22.08.2018 TF Small boat 78.4239 17.0850 10:41 

T_RE_Degeer 22.08.2018 TF Small boat 78.3462 16.3760 10:37 

T_RE_Gips 22.08.2018 TF Small boat 78.4277 16.5346 12:26 

T_RE_Sassen 20.08.2018 TF Small boat 78.3520 16.8131 14:32 

T_Outer 22.08.2018 TF Small boat 78.3782 16.4731 13:31 

ME_3 24.08.2008 IF Small boat 78.4195 15.8095 16:00 

IsK 18.08.2008 IF R/V Helmer Hanssen  78.3071 15.1610 01:33 

IsG 17.08.2019 IF R/V Helmer Hanssen  78.1288 14.0028 17:50 
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Appendix II: Terrestrial influence 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure I: Satellite picture of Isfjorden, showing the terrestrial input from air 

 
 

Figure II: Input from river, picture from Isfjorden in July 2018 
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Appendix III: Ice conditions and weather  

Figure III: Sea ice extent from 14th of August 2018 around Svalbard. The colors represent fast ice (grey), very 

close drift ice (red), close drift ice (orange), open drift ice (yellow), very open drift ice (green) and open water 

(blue). The two white dots represent the two inner stations (B_Ice and T_Ice) which replaced the innermost stations 

in Billefjorden and Tempelfjorden. The overview is retrieved from met.no.  

 

 
Figure IV: Weather from Svalbard Lufthavn from 1st of May to 29th of August 2018 
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Appendix IV: Physical parameters (15m) 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Figure V: Temperature (℃), salinity (PSU) and turbidity (NTU) measured at 15m depth in May, June, and August. 

The sites are classified as habitat categories: River estuaries (“Estuary”, brown), inner (“Inner”, yellow), outer 

(“Outer”, turquoise”) or marine endpoints (“Marine”, blue), and each fjord is represented as a shape 

(Adventfjorden (AF)=circle, Billefjorden (BF)=square, Isfjorden (IF)=diamond, Tempelfjorden (TF)= triangle). 
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Appendix V: Chlorophyll a (15m) 
 
 

Figure VI: Chlorophyll a: Relative and total concentration of chlorophyll a (µg/L) measured at 15m in May, 

June, and August. The first y-axis displays the relative abundance of the two size fractions, cells larger than 5µm 

(white) and cells smaller than 5µm (grey). The second y-axis displays the total concentration of chlorophyll a, 

measured as µg/L. The sites are classified as habitat categories: River estuaries (“Estuary”), inner (“Inner”), outer 

(“Outer”,) or marine endpoints (“Marine”). 
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Appendix VI: Zooplankton (m-2) 
 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure VII: Abundance (individuals m-2): The total (individuals m-2) of zooplankton shown from May to June, 

classified as river estuaries (“Estuary”), inner (“Inner”), outer (“Outer”) or marine endpoints (“Marine”). The 

different groups of zooplankton are marked as green (copepod nauplii), purple (copepodite stages), orange (large 

copepods), yellow (meroplankton), blue (other) and pink (small copepods). Shown are mean values for all fjords 

studied. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure VIII: Biomass (dry weight, g m-2). The biomass (dry weight, g m-2) measured in May, June and August. 

The sites are classified as habitat categories: River estuaries (“Estuary”, brown), inner (“Inner”, yellow), outer 

(“Outer”, turquoise”) or marine endpoints (“Marine”, blue), and each fjord is represented as a shape 

(Adventfjorden (AF)=circle, Billefjorden (BF)=square, Isfjorden (IF)= diamond, Tempelfjorden (TF)=triangle) 
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Appendix VII: Metadata - Environmental and physical parameters 

Table I: Environmental and physical data from May 2018 
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Chl-a GFF 
(surface)  

Chl-a GFF 
(15m) 

Turbidity 
(surface) 

Turbidity (15m) 

Julian day 

Secchi depth 

Species richness  

Shannon Wiener 
Diversity Index 

A
F

_
1
 

0
.1

4
3
 

-0
.2

8
7
 

3
3
.4

6
 

3
4
.3

6
 

8
.8

8
 

8
.3

 
0
.2

3
 

0
.0

6
9
1
 

0
.2

4
 

0
.4

4
2

6
 

2
.1

6
 

1
.1

8
 

1
3
4
 

6
.5

 
1
2
 

0
.7

6
3
4
7
8
8
 

A
F

_
2
 

0
.8

6
1
 

-0
.1

5
5
 

3
3
.2

3
 

3
4
.2

7
 

8
.3

8
 

8
.3

5
 

0
.0

3
3
4
 

0
.0

7
3
1
 

0
.1

3
8

8
 

1
.0

2
 

6
.5

8
 

1
0
.1

5
 

1
3
4
 

5
.2

 
1
3
 

0
.7

6
0
7
9
3
1
 

A
_
N

C
 

0
.5

3
 

-0
.1

5
 

3
3
.8

5
 

3
4
.2

9
 

8
.1

 
8
.2

9
 

0
.0

7
0
3
 

0
.0

7
2
 

0
.3

9
5
 

0
.6

4
0

3
 

4
.3

2
 

1
.3

8
 

1
3
4
 

3
.2

 
1
2
 

0
.8

9
3
5
4
1
 

Is
A

 
-0

.8
4
8
 

-0
.9

0
2
 

3
4
.6

 
3
4
.6

6
 

8
.0

8
 

8
.2

6
 

0
.2

1
6
5
 

0
.1

7
4
5
 

0
.4

3
4

6
 

0
.5

5
5

3
 

0
.5

6
 

0
.6

4
 

1
3
6
 

1
0
 

1
3
 

1
.1

9
7
2
2
5
5
 

B
_
Ic

e 
-0

.2
3
 

-0
.1

8
9
 

3
3
.7

4
 

3
4
.4

4
 

8
.3

4
 

8
.3

4
 

0
.0

7
5
9
 

0
.1

1
6
2
 

0
.3

9
8

4
 

0
.5

3
4

4
 

1
.4

1
 

1
.8

 
1
3
5
 

1
1
 

1
3
 

1
.3

8
8
6
9
9
2
 

B
_
O

u
te

r 
0
.1

7
1
 

-0
.1

9
1
 

3
2
.8

2
 

3
4
.4

4
 

8
.2

9
 

8
.2

8
 

0
.0

5
4
4
 

0
.1

6
0
9
 

0
.1

8
3

6
 

0
.6

0
1
 

4
.8

2
 

6
.8

3
 

1
3
5
 

7
.5

 
1
3
 

1
.2

2
7
1
7
1
4
 

T
_
Ic

e 
0
.6

5
5
 

-0
.0

4
9
 

3
3
.6

7
 

3
4
.3

2
 

8
.2

6
 

8
.3

2
 

0
.0

4
2
5
 

0
.0

7
0
8
 

0
.2

 
0
.5

8
9

3
 

1
.0

6
 

1
.5

7
 

1
3
5
 

9
 

1
5
 

0
.7

1
9
7
2
2
9
 

T
_
R

E
_
D

eg
ee

r 
-0

.2
1
 

-0
.2

1
7
 

3
4
.1

3
 

3
4
.4

 
8
.2

3
 

8
.0

6
 

0
.1

4
2
8
 

0
.3

3
2
6
 

0
.3

1
1

1
 

0
.2

8
3

3
 

7
.0

6
 

1
.2

2
 

1
3
5
 

8
 

1
3
 

0
.8

0
7
1
4
3
9
 

T
_
R

E
_
G

ip
s 

-0
.0

9
 

-0
.1

1
 

3
4
.4

2
 

3
4
.4

3
 

8
.1

1
 

8
.1

1
 

0
.2

4
0
3
 

0
.4

6
4
7
 

0
.7

0
2

7
 

0
.8

5
 

0
.6

 
0
.5

6
 

1
3
5
 

9
 

1
3
 

1
.1

0
9
2
2
8
9
 

T
_
R

E
_
S

as
se

n
 

-0
.0

9
3
 

-0
.1

9
5
 

3
2
.8

8
 

3
4
.4

7
 

8
.1

2
 

8
.1

4
 

0
.0

6
3
5
 

0
.1

4
2
8
 

0
.1

6
8

3
 

0
.4

1
5

4
 

1
.1

5
 

0
.6

6
 

1
3
6
 

1
3
 

1
0
 

1
.5

3
5
9
9
3
1
 

T
_
O

u
te

r 
0
.3

7
9
 

-0
.2

4
4
 

3
4
.2

7
 

3
4
.4

3
 

8
.1

2
 

8
.1

4
 

2
.0

3
4
3
 

2
.0

9
1
 

2
.4

3
1
 

0
.5

9
5
 

0
.6

1
 

0
.7

3
 

1
3
6
 

9
 

1
3
 

1
.0

3
4
9
5
3
6
 

M
E

_
3
 

-0
.0

6
 

-0
.1

4
 

3
4
.3

5
3
 

3
4
.3

9
8
 

8
.1

 
8
.1

8
 

1
.6

8
3
 

3
.5

3
0
3
 

2
.7

5
4
 

4
.9

4
7
 

0
.6

 
0
.5

9
 

1
3
6
 

8
 

1
4
 

2
.0

4
9
7
1
2
5
 

Is
K

 
0
.6

4
5
 

0
.3

2
9
 

3
4
.6

 
3
4
.7

5
 

8
 

8
.2

5
 

4
.7

2
0
3
 

3
.3

5
4
7
 

5
.5

0
8
 

5
.3

7
2
 

0
.8

5
 

0
.7

1
 

1
3
6
 

7
 

1
5
 

1
.8

8
9
4
0
9
4
 

Is
G

 
-0

.4
 

-0
.4

6
 

3
4
.3

0
1
 

3
4
.3

 
8
.0

7
 

8
.1

7
 

1
.1

2
2
 

0
.8

5
 

0
.6

5
6
 

1
.1

6
1

7
 

0
.8

4
 

0
.7

5
 

1
3
6
 

9
 

1
4
 

2
.0

9
7
7
6
5
9
 

 



 65 

Table II: Environmental and physical data from June 2018 
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Table III: Environmental and physical data from August 2018 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site 

Temperature 
(surface) 

Temperature 
(15m) 

Salinity 
(surface) 

Salinity (15m) 

pH (surface) 

pH (15m) 

Chl-a 5um 
(surface) 

Chl-a 5um 
(15m) 

Chl-a GFF 
(surface)  

Chl-a GFF 
(15m) 

Turbidity 
(surface) 

Turbidity (15m) 

Julian day 

Secchi depth 

Species richness  

Shannon Wiener 
Diversity Index 

A
_
F

1
 

7
.1

3
4
 

5
.4

7
 

3
3
.5

9
 

3
4
.4

8
 

7
.8

2
 

7
.9

8
 

0
.5

2
8

7
 

0
.3

2
5
3
 

1
.3

6
3
4
 

0
.6

2
9
 

4
.6

3
3
 

3
.9

6
 

2
2
9
 

2
.4

 
9
 

0
.8

8
4
2
1
9
8
 

A
_
F

2
 

7
.7

0
3
 

5
.2

7
6
 

3
0
.3

7
 

3
4
.3

6
 

7
.9

4
 

8
.0

4
 

0
.8

3
8

7
 

0
.4

6
9
2
 

1
.9

7
2
 

1
.4

5
0
7
 

7
.2

3
7
 

3
.0

5
 

2
2
9
 

1
.9

 
1
4
 

1
.3

5
2
8
7
3
7
 

A
_
N

C
 

8
.9

3
9
 

6
.3

8
9
 

2
6
.7

5
 

3
3
.9

6
 

8
.0

6
 

8
.0

3
 

0
.5

3
6

5
 

0
.2

1
4
2
 

1
.4

4
1
6
 

1
.2

8
6
3
 

5
.7

6
3
 

2
.2

4
 

2
2
9
 

1
.6

 
1
0
 

1
.0

6
9
1
4
8
2
 

Is
A

 
6
.3

3
4
6
 

4
.2

7
3
9
 

3
4
.6

5
 

3
5
.9

7
 

7
.8

9
 

8
.0

3
 

0
.3

9
4

4
 

0
.1

2
5
5
 

1
.1

9
7
8
 

0
.5

1
6
8
 

1
.6

4
 

1
.2

6
 

2
3
0
 

4
 

1
4
 

0
.9

3
5
4
5
5
9
 

B
_
R

E
 

6
.5

1
 

3
.7

2
6
 

2
5
.9

 
3
4
.8

2
 

8
.1

6
 

8
.0

4
 

1
.6

2
0

7
 

0
.2

1
8
5
 

2
.7

9
9
3
 

0
.2

4
1
4
 

7
.9

1
3
 

3
9
.0

7
 

2
3
2
 

1
.2

 
1
1
 

1
.1

0
8
5
5
1
3
 

B
_
In

n
er

 
4
.9

9
4
 

4
.3

4
 

1
7
.7

9
 

3
4
.6

8
 

8
.0

9
 

7
.9

8
 

0
.1

9
0

4
 

0
.2

3
8
 

0
.3

2
1
9
 

0
.4

4
2
 

5
.4

5
3
 

6
.9

7
 

2
3
4
 

2
.5

 
1
1
 

0
.9

9
7
6
5
6
5
 

B
_
N

C
 

6
.3

2
 

4
.7

6
9
 

2
.4

2
 

3
5
.1

2
 

8
.4

9
 

7
.9

7
 

0
.1

3
2

6
 

0
.4

0
8
 

0
.0
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5
 

0
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8
7
6
 

2
9
7
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3
3
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1
 

2
3
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2
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3
4
6
 

B
_
O

u
te

r 
6
.3

2
 

6
.3

2
 

2
7
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7
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6
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3
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1
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3
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9
4
1
 

0
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5
 

1
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8
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3
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1
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1
 

T
_
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_
D
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4
.9

5
1
 

4
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1
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3
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3
3
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4
4
 

7
.9

3
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0
.2
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0

1
 

0
.2

6
0
1
 

1
.8

3
0
3
 

1
.8

3
0
3
 

2
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1
3
 

2
.7

1
 

2
3
6
 

4
.3

 
7
 

0
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8
9
5
4
6
 

T
_
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E
_
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ip
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4
.4

3
2
 

3
.6

9
5
 

2
0
.3

7
 

3
5
.1

9
 

8
.3

7
 

8
.0

8
 

0
.4

0
3
 

0
.0

7
8
8
 

0
.7

1
4
 

1
.0

6
 

4
2
.5

3
3
 

1
0
.4

9
 

2
3
6
 

0
.4

 
1
3
 

1
.0

0
6
9
5
6
4
 

T
_
R

E
_
S

as
se

n
 

5
.6

2
1
 

5
.6

2
1
 

3
2
.4

9
6
 

3
2
.8

8
2
 

8
.0

3
 

8
.1

1
 

0
.0

3
6

9
 

0
.0

3
6
9
 

0
.8

7
2
7
 

0
.8

7
2
7
 

1
.4

5
7
 

2
.9

4
 

2
3
6
 

5
.1

 
1
 

- 

T
_
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te
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.8

5
4
 

4
.0

7
1
 

3
2
.0

9
 

3
5
.3

9
 

8
.0

4
 

8
 

0
.0

8
7

3
 

0
.1

3
8
3
 

0
.7

3
1
 

1
.0

1
4
3
 

2
.8

6
3
 

3
.2

4
 

2
3
4
 

3
.2

 
1
4
 

0
.8

8
3
7
8
2
4
 

M
E

_
3
 

6
.7

3
3
 

4
.0

7
5
 

3
2
.0

1
 

3
5
.5

1
 

8
.1

 
8
.1

 
0
.0

1
0

4
 

0
.1

0
5
4
 

0
.6

1
7
7
 

1
.4

4
5
 

1
.0

9
3
 

1
.1

3
 

2
3
6
 

7
.2

 
1
5
 

0
.9

6
9
0
0
6
6
 

Is
K

 
6
.0

8
1
6
 

4
.0

1
7
8
 

3
4
.8

5
 

3
6
.0

7
 

8
.0

8
 

8
.0

7
 

0
.1

3
0

3
 

0
.0

6
9
 

0
.7

1
0
6
 

1
.0

6
9
7
 

0
.8

0
7
 

1
.0

1
 

2
3
0
 

7
 

1
3
 

1
.6

1
7
1
3
5
 

Is
G

 
7
.0

6
0
3
 

4
.6

2
1
4
 

3
3
.4

6
 

3
5
.7

8
 

8
.0

7
 

8
.0

5
 

0
.1

5
4

7
 

0
.4

8
9
 

1
.7

2
6
7
 

1
.2

9
2
 

1
.0

9
7
 

1
.5

8
 

2
2
9
 

6
 

1
5
 

1
.4

9
2
5
0
9
1
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Taxon 

AF_1 

AF_2 

A_NC 

IsA 

B_Ice 

B_Outer 

T_Ice 

T_RE_Degeer 

T_RE_Gips 

T_RE_Sassen 

T_Outer 

ME_3 

IsK 

IsG 

C
o

p
ep

o
d

a 
(n

au
p

li
i)

 
0

.0
0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

1
6

.0
0
 

1
6

6
.4

0
 

1
0

.6
7
 

0
.0

0
 

0
.0

0
 

6
.8

6
 

7
6

5
.7

1
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

C
al

an
o

id
a 

(n
au

p
li

i)
 

4
5

4
6

.6
7
 

1
6

6
6

.6
7
 

6
3

2
0

.0
0
 

1
1

7
2

.2
1
 

5
8

4
.0

0
 

6
0

4
8

.0
0
 

5
7

2
8

.0
0
 

3
3

3
0

.0
0
 

4
6

5
0

.0
0
 

5
3

2
.5

7
 

8
1

1
.4

3
 

1
9

2
.0

6
 

1
3

6
.7

5
 

1
.5

8
 

O
it

h
o

n
a 

si
m

il
is

 
1

3
.3

3
 

5
3

.3
3
 

4
8

.0
0
 

6
0

.6
3
 

0
.0

0
 

1
6

0
.0

0
 

1
4

.9
3
 

4
6

0
.0

0
 

1
6

0
.0

0
 

8
6

.8
6
 

1
3

7
.1

4
 

6
2

.1
8
 

1
9

8
.2

9
 

1
.4

1
 

O
it

h
o

n
a 

at
la

n
ti

ca
  

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

1
.3

7
 

0
.0

0
 

P
se

u
d

o
ca
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n
u

s 
sp

p
. 

1
7

3
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3
 

1
1

3
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3
 

3
0
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.0

0
 

4
0

.4
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3
9

.0
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1
1

5
.2

0
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0

.4
0
 

7
0

.0
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2
0

0
.0

0
 

3
2

.0
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1
1

4
.2

9
 

5
1

.1
2
 

5
4
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0
 

2
.5

7
 

M
ic

ro
ca
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n

u
s 

sp
p

. 
0
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0
.0
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0
.0

0
 

3
.3

7
 

0
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0
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0
.0
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0
.0
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0
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4
9

.7
4
 

1
4

6
.3

2
 

0
.1

7
 

M
ic

ro
se

te
ll

a 
n

o
rv

eg
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a 
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

0
.0

0
 

T
ri

co
n

ia
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o
re
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0
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0
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0
 

0
.0

0
 

0
.0

0
 

1
.0

0
 

0
.0
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0
 

1
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7
 

0
.0

0
 

O
n
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 s
p

p
. 
(j

u
v

en
il

e)
 

0
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0
 

0
.0
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0
.0

0
 

0
.0

0
 

0
.0

0
 

0
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0
 

0
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0
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) 

0
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0
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Appendix IX: Zooplankton biomass 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site Date Biomass (g d.w. m-2) Biomass (g d.w.m-3) 

AF_1 14.05.2018 4.8512 0.2426 

AF_2 14.05.2018 8.1072 0.2027 

A_NC 14.05.2018 21.2320 0.5308 

IsA 11.05.2018 3.5776 0.0377 

B_Ice 16.05.2018 1.8592 0.0266 

B_Outer 10.05.2018 9.9072 0.1415 

T_Ice 15.05.2018 2.5632 0.0256 

T_RE_Degeer 15.05.2018 12.3680 0.3092 

T_RE_Gips 15.05.2018 1.8880 0.0629 

T_RE_Sassen 15.05.2018 3.1776 0.1589 

T_Outer 11.05.2018 4.3840 0.1096 

ME_3 11.05.2018 1.0496 0.0054 

IsK 10.05.2018 3.3088 0.0170 

IsG 10.05.2018 0.4816 0.0025 

A_F1 18.06.2018 1.5088 0.0838 

A_F2 18.06.2018 3.2816 0.0820 

A_NC 18.06.2018 1.9632 0.0561 

IsA  18.06.2018 2.6400 0.0278 

B_RE 20.06.2018 0.8896 0.0890 

B_Inner 20.06.2018 0.3248 0.0085 

B_NC 20.06.2018 0.6464 0.0497 

B_Outer 20.06.2018 1.3824 0.0197 

T_Inner 22.06.2018 1.6448 0.0457 

T_NC 22.06.2018 1.8304 0.1077 

T_RE_Degeer 22.06.2018 0.5184 0.0518 

T_RE_Gips 22.06.2018 1.9728 0.2466 

T_RE_Sassen 22.06.2018 0.8368 0.1674 

T_Outer 24.06.2018 6.3744 0.1275 

ME_3 24.06.2018 5.8752 0.0452 

IsK 24.06.2018 3.7152 0.0149 

IsG 23.06.2018 4.0032 0.0154 

A_F1 17.08.2018 0.2016 0.0183 

A_F2 17.08.2018 0.8448 0.0282 

A_NC 17.08.2018 0.5856 0.0344 

IsA 18.08.2018 8.2272 0.1028 

B_RE 24.08.2018 0.0204 0.0041 

B_Inner 24.08.2018 0.8656 0.0173 

B_NC 24.08.2018 0.0400 0.0050 

B_Outer 08.08.2018 1.2656 0.0230 

T_Inner 20.08.2018 0.5920 0.0148 

T_NC 22.08.2018 0.2416 0.0173 

T_RE_Degeer 22.08.2018 0.8480 0.0848 

T_RE_Gips 22.08.2018 0.2960 0.0592 

T_RE_Sassen 20.08.2018 0.4976 0.0332 

T_Outer 22.08.2018 0.7632 0.0191 

ME_3 24.08.2018 2.9200 0.0146 

IsK 18.08.2018 21.5552 0.0801 

IsG 17.08.2018 59.0272 0.2253 

 



 74 

Appendix X: Zooplankton species list  
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Appendix XI: R- Scripts 
 
Physical and environmental parameters 
 
 
#Downloading data 
 
Env_doc<- read.csv("Env_doc.csv", sep = ";", header = T) 
Env_doc_may<-Env_doc[1:14,] 
Env_doc_june<-Env_doc[15:31,] 
Env_doc_aug<-Env_doc[32:48,] 
 
#Packages 
 
library("ggplot2") 
library("tidyverse") 
 
#Sorting of data 
 
Env_doc$Type3 <- factor(Env_doc$Type3, c("Estuary", "Inner", "Outer", "Marine")) 
 
Month_names <- list( 
    '1_May'="May", 
    '2_June'="June", 
    '3_August'="August" 
  ) 
Month_labeller <- function(variable,value){ 
  return(Month_names[value]) 
} 
 
#ENVIRONMENTAL PARAMETERS: 
 
#TEMPERATURE - SURFACE  
 
#Environmental plot: 
 
Temp_plot <-ggplot(Env_doc, aes(x=Type3, y=Temp_surface)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab(expression(paste("Temperature ", (~degree~C)))) +  
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
Temp_plot 
 
#Statistics: 
 
#Testing for normality: 
shapiro.test(Env_doc$Temp_surface) #W = 0.93928, p-value = 0.01522 
shapiro.test(Env_doc_may$Temp_surface) #W = 0.96863, p-value = 0.8578 
shapiro.test(Env_doc_june$Temp_surface) #W = 0.95453, p-value = 0.532 
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shapiro.test(Env_doc_aug$Temp_surface) #W = 0.97435, p-value = 0.8891 
 
#Kruskall-Wallis 
kruskal.test(Temp_surface ~ Month, data = Env_doc) #Kruskal-Wallis chi-squared = 40.172, df = 
2, p-value = 1.891e-09 
 
#ANOVA: 
aov_temp_may<- aov(Env_doc_may$Temp_surface ~ Env_doc_may$Type3) 
summary(aov_temp_may) #p=0.677 
aov_temp_june<- aov(Env_doc_june$Temp_surface ~ Env_doc_june$Type3) 
summary(aov_temp_june) #p=0.217 
aov_temp_aug<- aov(Env_doc_aug$Temp_surface ~ Env_doc_aug$Type3) 
summary(aov_temp_aug) #p=0.979 
 
 
#TEMPERATURE - 15M  
 
#Environmental plot: 
 
Temp_15_plot <-ggplot(Env_doc, aes(x=Type3, y=Temp_15m)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab(expression(paste("Temperature ", (~degree~C)))) +  
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
Temp_15_plot 
 
 
#SALINITY - SURFACE 
 
#Environmental plot:  
 
Salinity_plot <-ggplot(Env_doc, aes(x=Type3, y=Salinity_surface)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
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        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab("Salinity (PSU)") +  
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
Salinity_plot 
 
#Statistics: 
 
#Testing for normality: 
shapiro.test(Env_doc$Salinity_surface) #W = 0.62612, p-value = 8.138e-10 
shapiro.test(Env_doc_may$Salinity_surface) #W = 0.91671, p-value = 0.1972 
shapiro.test(Env_doc_june$Salinity_surface) #W = 0.57522, p-value = 6.05e-06 
shapiro.test(Env_doc_aug$Salinity_surface) #W = 0.79804, p-value = 0.001907 
 
#Kruskall-Wallis 
kruskal.test(Salinity_surface ~ Month, data = Env_doc) #Kruskal-Wallis chi-squared = 10.309, 
df = 2, p-value = 0.005773 
kruskal.test(Salinity_surface ~ Type3, data = Env_doc_june) #Kruskal-Wallis chi-squared = 
8.7951, df = 3, p-value = 0.03214 
kruskal.test(Salinity_surface ~ Type3, data = Env_doc_aug) #Kruskal-Wallis chi-squared = 
5.3542, df = 3, p-value = 0.1476 
 
#ANOVA: 
aov_salinity_may<- aov(Env_doc_may$Salinity_surface ~ Env_doc_may$Type3) 
summary(aov_salinity_may) 
 
 
#SALINITY - 15M 
 
#Environmental plot:  
 
Salinity_15_plot <-ggplot(Env_doc, aes(x=Type3, y=Salinity_15m)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab("Salinity (PSU)") +  
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
Salinity_15_plot 
 
 
#TURBIDITY - SURFACE 
 
#Environmental plot: 
 
Turbidity_plot <-ggplot(Env_doc, aes(x=Type3, y=Turbidity_surface)) + 
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  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab("Turbidity (NTU) (log)") +  
  guides(fill = FALSE) + #guide_legend(override.aes = list(shape = 21) ) ) +  
  scale_y_log10() 
 
Turbidity_plot 
 
#Statistics: 
 
#Testing for normality: 
shapiro.test(Env_doc$Turbidity_surface) #W = 0.30116, p-value = 9.067e-14 = No normality  
shapiro.test(Env_doc_may$Turbidity_surface) #W = 0.75305, p-value = 0.001388 
shapiro.test(Env_doc_june$Turbidity_surface) #W = 0.66746, p-value = 5.062e-05 
shapiro.test(Env_doc_aug$Turbidity_surface) #W = 0.44044, p-value = 4.211e-07 
 
#Kruskall-Wallis 
kruskal.test(Turbidity_surface ~ Month, data = Env_doc) #Kruskal-Wallis chi-squared = 13.736, 
df = 2, p-value = 0.00104 
 
#ANOVA: 
may_turbidity<- aov(Env_doc_may$Turbidity_surface ~ Env_doc_may$Type3) 
summary(may_turbidity) #p=0.138 not significant  
june_turbidity<- aov(Env_doc_june$Turbidity_surface ~ Env_doc_june$Type3) 
summary(june_turbidity) #p=0.398 not significant 
aug_turbidity<- aov(Env_doc_aug$Turbidity_surface ~ Env_doc_aug$Type3) 
summary(aug_turbidity) #p=0.172 not significant  
 
 
#TURBIDITY - SURFACE 
 
#Environmental plot: 
 
Turbidity_15_plot <-ggplot(Env_doc, aes(x=Type3, y=Turbidity_15m)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 



 79 

        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab("Turbidity (NTU) (log)") +  
  guides(fill = FALSE) + #guide_legend(override.aes = list(shape = 21) ) ) +  
  scale_y_log10() 
 
Turbidity_15_plot 
 
 
#SECCHI DEPTH 
 
#Environmental plot: 
 
Secchi_plot <-ggplot(Env_doc, aes(x=Type3, y=Secchi_depth)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab("Secchi depth (m)") +  
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
Secchi_plot 
 
#Statistics: 
 
#Testing for normality: 
shapiro.test(Env_doc$Secchi_depth) #W = 0.9318, p-value = 0.007951 
shapiro.test(Env_doc_june$Secchi_depth) #W = 0.82182, p-value = 0.004105 
shapiro.test(Env_doc_aug$Secchi_depth) #W = 0.94491, p-value = 0.3812 
 
#Kruskall-Wallis 
kruskal.test(Secchi_depth ~ Month, data = Env_doc) #Kruskal-Wallis chi-squared = 23.21, df = 
2, p-value = 9.119e-06 
kruskal.test(Secchi_depth ~ Type3, data = Env_doc_june) #Kruskal-Wallis chi-squared = 9.7116, 
df = 3, p-value = 0.02118 
 
#ANOVA: 
aov_secchi_aug<- aov(Env_doc_aug$Secchi_depth ~ Env_doc_aug$Type3) 
summary(aov_secchi_aug) 
 
 
#ZOOPLANKTON PARAMETERS: 
 
#SHANNON - WIENER DIVERSITY INDEX 
 
#Plot:  
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SW_plot <-ggplot(Env_doc, aes(x=Type3, y=Shannon_wiener_m3)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab("Shannon-Wiener Diversity Index")+  
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
SW_plot 
 
#Statistics: 
 
#Testing for normality: 
shapiro.test(Env_doc$Shannon_wiener_m3) #W = 0.96547, p-value = 0.1769 
shapiro.test(Env_doc_may$Shannon_wiener_m3) #W = 0.88138, p-value = 0.06081 
shapiro.test(Env_doc_june$Shannon_wiener_m3) #W = 0.94173, p-value = 0.3392 
shapiro.test(Env_doc_aug$Shannon_wiener_m3) #W = 0.89444, p-value = 0.06551 
 
#Kruskall-Wallis 
kruskal.test(Shannon_wiener_m3 ~ Month, data = Env_doc) 
 
#ANOVA: 
aov_SW<- aov(Env_doc$Shannon_wiener_m3 ~ Env_doc$Month) #p=0.43 
summary(aov_SW) 
aov_SW_may<- aov(Env_doc_may$Shannon_wiener_m3 ~ Env_doc_may$Type3) #p=0.002 
summary(aov_SW_may) 
aov_SW_june<- aov(Env_doc_june$Shannon_wiener_m3 ~ Env_doc_june$Type3) #p=0.016 
summary(aov_SW_june) 
aov_SW_aug<- aov(Env_doc_aug$Shannon_wiener_m3 ~ Env_doc_aug$Type3) #p=0.0106 
summary(aov_SW_aug) 
 
 
#SPECIES RICHNESS 
 
#Plot: 
 
Richness_plot <-ggplot(Env_doc, aes(x=Type3, y=Species_diversity_m3)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
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        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab("Number of taxa")+  
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
Richness_plot 
 
#Statistics: 
 
#Testing for normality: 
shapiro.test(Env_doc$Species_diversity_m3) #W = 0.85383, p-value = 2.752e-05 
shapiro.test(Env_doc_may$Species_diversity_m3) #W = 0.88042, p-value = 0.05892 
shapiro.test(Env_doc_june$Species_diversity_m3) #W = 0.96035, p-value = 0.6382 
shapiro.test(Env_doc_aug$Species_diversity_m3) #W = 0.85134, p-value = 0.01124 
 
#Kruskall-Wallis 
kruskal.test(Species_diversity_m3 ~ Type3, data = Env_doc_aug) #Kruskal-Wallis chi-squared = 
9.9101, df = 3, p-value = 0.01935 
 
#ANOVA: 
aov_richness_may<- aov(Env_doc_may$Species_diversity_m3 ~ Env_doc_may$Type3) 
summary(aov_richness_may) #p=0.096 
aov_richness_june<- aov(Env_doc_june$Species_diversity_m3 ~ Env_doc_june$Type3) 
summary(aov_richness_june) #p=0.324 
 
 
#BIOMASS m3 
 
#Order names 
 
biomass_m2_names  <- c( 
  `1_May` = "May", 
  `2_June` = "June", 
  `3_August` = "August") 
 
#Plot:  
 
Biomass_m3_plot <-ggplot(Env_doc, aes(x=Type3, y=Biomass_dw_per_m3)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab(expression(paste("Dry weight, g m"^{-3})))+ 
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
Biomass_m3_plot 
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#Statistics: 
 
#Testing for normality: 
shapiro.test(Env_doc$Biomass_dw_per_m3) #W = 0.71911, p-value = 2.934e-08 
shapiro.test(Env_doc_may$Biomass_dw_per_m3) #W = 0.8272, p-value = 0.01105 
shapiro.test(Env_doc_june$Biomass_dw_per_m3) #W = 0.85501, p-value = 0.0128 
shapiro.test(Env_doc_aug$Biomass_dw_per_m3) #W = 0.69459, p-value = 0.0001004 
 
#Kruskall-Wallis 
kruskal.test(Biomass_dw_per_m3 ~ Month, data = Env_doc) #Kruskal-Wallis chi-squared = 4.4751, 
df = 2, p-value = 0.1067 
kruskal.test(Biomass_dw_per_m3 ~ Type3, data = Env_doc_may) #Kruskal-Wallis chi-squared = 
7.4762, df = 3, p-value = 0.05817 
kruskal.test(Biomass_dw_per_m3 ~ Type3, data = Env_doc_june) #Kruskal-Wallis chi-squared = 
7.319, df = 3, p-value = 0.0624 
kruskal.test(Biomass_dw_per_m3 ~ Type3, data = Env_doc_aug) #Kruskal-Wallis chi-squared = 
2.6163, df = 3, p-value = 0.4546 
 
#BIOMASS m2 
 
#Order names: 
 
biomass_m2_names  <- c( 
  `1_May` = "May", 
  `2_June` = "June", 
  `3_August` = "August") 
 
#Plot: 
 
Biomass_m2_plot <-ggplot(Env_doc, aes(x=Type3, y=Biomass_dw_per_m2)) + 
  stat_boxplot(geom ='errorbar', width = 0.1, linetype = 1) + 
  geom_boxplot(aes(fill=Type3), alpha=0.2)+theme_classic()+theme(text = element_text(size=18)) 
+  
  geom_point(aes(fill=Type3, shape=Fjord, group=Type3), color="black", alpha  =0.9, size=6, 
stroke=0.8, position = position_jitterdodge(jitter.width = 0, dodge.width = 0.8)) + 
  facet_grid((. ~ Month), labeller=Month_labeller) + 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 30), 
        legend.title = element_text(size = 30), 
        legend.key = element_rect(size = 5), 
        legend.key.size = unit(1.8, 'lines'), 
        axis.title.x = element_text(hjust=0.5, size = 30), 
        axis.title.y = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        strip.text.x = element_text(size = 25, colour = "black"), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45)) +  
  scale_shape_manual (values = c(21,22,23,24)) + 
  scale_fill_manual(values=c("lightsalmon4","cornsilk","lightblue3","blue"), name = "Type3", 
labels = c("Estuary", "Inner", "Outer", "Marine")) +   
  scale_x_discrete(breaks=c("Estuary", "Inner", "Outer", "Marine"), 
                   labels=c("Estuary", "Inner", "Outer", "Marine")) +  
  xlab("Habitat category")+ 
  ylab(expression(paste("Dry weight, g m"^{-2})))+ 
  guides(fill = FALSE) #guide_legend(override.aes = list(shape = 21) ) ) 
 
Biomass_m2_plot 
 

 
Zooplankton data 
 
 
#Download data 
 
allspecies <- read.csv("Abundance_all_withcopepodites.csv", sep = ";", header = T) 
holo_facet <- read.csv("Abundance_holomero.csv", sep = ";", header = T) 
trophic <- read.csv("Trophic_zoo.csv", sep = ";", header = T) 
predator <- read.csv("Relative_abundance_predators.csv", sep = ";", header = T) 
predator_edit <- read.csv("Relative_abundance_predators_no_zeros.csv", sep = ";", header = T) 
meroplankton <- read.csv("Relative_abundance_meroplankton.csv", sep = ";", header = T) 
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holoplankton <- read.csv("Abundance_holoplankton.csv", sep = ";", header = T) 
 
#Packages 
 
library(ggplot2) 
 
#All species - Relative abundance 
 
test.df1 <- aggregate(allspecies,  
                      by= list(allspecies$Type, allspecies$Species_group, allspecies$Month), 
                      FUN= mean) 
 
test.df1$Group.1 <- factor(test.df1$Group.1, c("Estuary","Inner", "Outer", "Marine")) 
test.df1$Group.3 <- factor(test.df1$Group.3, c("May", "June", "August")) 
 
all_species_relative <- ggplot(data=test.df1, aes(x=Group.1, y=Relative_abundance, 
fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
  facet_grid(~Group.3) +  
  labs(x="Habitat category", y="Relative abundance") +  
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 25), 
        legend.title = element_blank(), 
        legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Accent",  
                    labels=c("Copepoda nauplii","Copepodite stages","Large copepods", 
"Meroplankton", "Other", "Small copepods")) + 
  scale_colour_manual(palette="Accent") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
all_species_relative 
 
#All species - Total abundance - m3 
 
test.df2 <- aggregate(allspecies,  
                      by= list(allspecies$Type, allspecies$Species_group, allspecies$Month), 
                      FUN= mean) 
 
test.df2$Group.1 <- factor(test.df2$Group.1, c("Estuary", "Inner", "Outer", "Marine")) 
test.df2$Group.3 <- factor(test.df2$Group.3, c("May", "June", "August")) 
 
all_species_total <- ggplot(data=test.df2, aes(x=Group.1, y=Abundance_per_m3, fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
  facet_grid(~Group.3) +  
  labs(x="Habitat category", y=expression(paste("Individuals m"^{-3})), fill="Zooplankton 
group") +  
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 25), 
        legend.title = element_blank(), 
        legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Accent", 
                    labels=c("Copepoda nauplii", "Copepodite stages", "Large copepods", 
"Meroplankton", "Other", "Small copepods")) + 
  scale_colour_manual(palette="Accent") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
all_species_total  
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#Meroplankton - Relative abundance 
 
test <- aggregate(meroplankton,  
                      by= list(meroplankton$Type, meroplankton$Species_group, 
meroplankton$Month), 
                      FUN= mean) 
 
test$Group.3 <- factor(test$Group.3, c("May", "June", "August"))  
test$Group.1 <- factor(test$Group.1, c("Estuary","Inner", "Outer", "Marine")) 
 
mero <- ggplot(data=test, aes(x=Group.1, y=Relative_abundance, fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
  facet_grid(~Group.3) +  
  labs(x="Habitat category", y="Relative abundance") + #fill="Zooplankton group"  
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 25), 
        legend.title = element_blank(), 
       # legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Accent", 
                    labels=c("B","C","C", "D", "E", "P")) + 
  scale_colour_manual(palette="Accent") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
mero 
 
#Meroplankton - Total abundance - m3 
 
test.df11 <- aggregate(meroplankton,  
                      by= list(meroplankton$Type, meroplankton$Species_group, 
meroplankton$Month), 
                      FUN= mean) 
 
test.df11$Group.1 <- factor(test.df11$Group.1, c("Estuary", "Inner", "Outer", "Marine")) 
test.df11$Group.3 <- factor(test.df11$Group.3, c("May", "June", "August")) 
 
mero_total <- ggplot(data=test.df11, aes(x=Group.1, y=Abundance, fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
  facet_grid(~Group.3) +  
  labs(x="Habitat category", y=expression(paste("Individuals m"^{-3})), fill="Zooplankton 
group") +  
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 25), 
        legend.title = element_blank(), 
        #legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Accent", 
                    labels=c("B","C","C", "D", "E", "P")) + 
  scale_colour_manual(palette="Accent") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
mero_total  
 
#Holoplankton - Relative abundance 
 
test.df6 <- aggregate(holoplankton,  
                      by= list(holoplankton$Type, holoplankton$Species_group, 
holoplankton$Month), 
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                      FUN= mean) 
 
test.df6$Group.1 <- factor(test.df6$Group.1, c("Estuary","Inner", "Outer", "Marine")) 
test.df6$Group.3 <- factor(test.df6$Group.3, c("May", "June", "August")) 
 
holo<- ggplot(data=test.df6, aes(x=Group.1, y=Relative_abundance, fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
  facet_grid(~Group.3) +  
  labs(x="Habitat category", y="Relative abundance") + #fill="Zooplankton group"  
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 15), 
        legend.title = element_blank(), 
        #legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Set3", 
                    labels=c("A","C","C", "C", "E", "M", "O", "O", "O", "P")) + 
  scale_colour_manual(palette="Set3") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
holo 
 
#Holoplankton - Total abundance - m3 
 
test.df12 <- aggregate(holoplankton,  
                       by= list(holoplankton$Type, holoplankton$Species_group, 
holoplankton$Month), 
                       FUN= mean) 
 
test.df12$Group.1 <- factor(test.df12$Group.1, c("Estuary", "Inner", "Outer", "Marine")) 
test.df12$Group.3 <- factor(test.df12$Group.3, c("May", "June", "August")) 
 
holo_total <- ggplot(data=test.df12, aes(x=Group.1, y=Abundance, fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
  facet_grid(~Group.3) +  
  labs(x="Habitat category", y=expression(paste("Individuals m"^{-3})), fill="Zooplankton 
group") +  
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 25), 
        legend.title = element_blank(), 
        #legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Set3", 
                    labels=c("A.","C","C", "C", "E", "M", "O", "O", "O", "P")) + 
  scale_colour_manual(palette="Set3") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
holo_total  
 
#Trophic mode - Relative abundance 
 
test.df10 <- aggregate(trophic,  
                      by= list(trophic$Type, trophic$Trophic, trophic$Month), 
                      FUN= mean) 
 
test.df10$Group.1 <- factor(test.df10$Group.1, c("Estuary","Inner", "Outer", "Marine")) 
test.df10$Group.3 <- factor(test.df10$Group.3, c("May", "June", "August")) 
 
trophic <- ggplot(data=test.df10, aes(x=Group.1, y=Relative_abundance, fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
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  facet_grid(~Group.3) +  
  labs(x="Habitat category", y="Relative abundance") + #fill="Trophic mode" 
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 25), 
        legend.title = element_blank(), 
        #legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Paired",  
                    labels=c("H","O","P")) + 
  scale_colour_manual(palette="Paired") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
trophic 
 
#Predators - Total abundance 
 
test.df20 <- aggregate(predator,  
                      by= list(predator$Type, predator$Taxon, predator$Month), 
                      FUN= mean) 
 
test.df20$Group.1 <- factor(test.df20$Group.1, c("Estuary","Inner", "Outer", "Marine")) 
test.df20$Group.3 <- factor(test.df20$Group.3, c("May", "June", "August")) 
 
predator_total <- ggplot(data=test.df20, aes(x=Group.1, y=Abundance, fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
  facet_grid(~Group.3) +  
  labs(x="Habitat category", y=expression(paste("Individuals m"^{-3})), fill="Zooplankton 
group") +  
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 25), 
        legend.title = element_blank(), 
        #legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Accent", 
                    labels=c("A","B","C", "D", "M", "P", "T")) + 
  scale_colour_manual(palette="Accent") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
predator_total  
 
#Shannon Wiener Diversity Index: 
 
#Import data# 
SW_m3 <- read.csv("Shannon_wiener_m3.csv", sep = ";", header = T) 
 
#Create vectors 
Zooplankton <- SW_m3[,3:37] 
Station <- SW_m3[,1] 
 
#Shannon-Wiener: 
install.packages("vegan") 
library(vegan) 
diversity(Zooplankton[-1], index="shannon") 
 
#Shannon-Wiener (2): 
install.packages("plyr") 
library(plyr) 
ddply(Zooplankton,~Station,function(x) { 
  data.frame(SHANNON=diversity(x[-1], index="shannon")) 
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}) 
 
 
#APPENDIX 
 
#All species - Total abundance - m2 
 
test.df1 <- aggregate(allspecies,  
                      by= list(allspecies$Type, allspecies$Species_group, allspecies$Month), 
                      FUN= mean) 
 
test.df1$Group.1 <- factor(test.df1$Group.1, c("Estuary", "Inner", "Outer", "Marine")) 
test.df1$Group.3 <- factor(test.df1$Group.3, c("May", "June", "August")) 
 
all_species_total_m2 <- ggplot(data=test.df1, aes(x=Group.1, y=Abundance_per_m2, 
fill=Group.2)) +  
  geom_bar(colour="black", size=0.3, stat="identity", width=0.5) + 
  facet_grid(~Group.3) +  
  labs(x="Type of station", y=expression(paste("Individuals m"^{-2})), fill="Zooplankton 
group") +  
  theme_bw() + 
  theme(panel.grid.major = element_blank(), 
        panel.grid.minor = element_blank(), 
        strip.background = element_rect(fill = "gray88", colour = "black"), 
        panel.border = element_rect(colour = "black")) +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20)), 
        legend.text = element_text(size = 25), 
        legend.title = element_blank(), 
        legend.position="bottom", 
        axis.title.x = element_text(size = 30), 
        axis.text.y = element_text(hjust=0.5, size = 24), 
        axis.title.y = element_text(size = 30), 
        axis.text.x = element_text(hjust=1, size = 22, angle = 45), 
        strip.text.x = element_text(size = 25, colour = "black")) + 
  scale_fill_brewer(palette="Accent", 
                    labels=c("Copepoda nauplii","Copepodite stages", "Large copepods", 
"Meroplankton", "Other", "Small copepods")) + 
  scale_colour_manual(palette="Accent") +  
  theme(plot.title = element_text(size=20, margin=margin(t=20, b=20))) 
 
all_species_total_m2 

 
 

Environmental – zooplankton gradients 
 
#DCA# 
 
#Importing library: 
library(vegan) 
library(ggplot2) 
library(goeveg) 
 
#Import "species" 
dca.species.log<-read.csv("DCA_SPECIES_log.csv",header=T, sep = ";") 
attach(dca.species.log) 
names(dca.species.log) 
 
#Import "stand" 
stand.data.log<-read.table("DCA_STAND.csv",header=T, sep = ";") 
attach(stand.data.log) 
names(stand.data.log) 
 
#Running DCA on species-plot matrix: 
dca.r.log<-decorana(dca.species.log) 
summary(dca.r.log) 
dca.r.log #DCA1: 31.3% DCA2: 8.9% 
 
#Extracting DCA-axes for plot scores: 
dca1.log<-scores(dca.r.log,display="sites",origin=FALSE)[,1] 
#Note that origin=FALSE implies that origo of the ordination diagram is moved  
#from the centroid to the lower end of each axis 
dca2.log<-scores(dca.r.log,display="sites",origin=FALSE)[,2] 
 
#Plotting DCA - with points: 
plot(dca1.log,dca2.log,xlab="DCA1",ylab="DCA2",type="n") 
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plot(dca1.log,dca2.log,xlab="DCA1",ylab="DCA2",pch=16) 
 
# - with plot numbers: 
plot(dca1.log,dca2.log,xlab="DCA1",ylab="DCA2",type="n") 
labels<-c(1:47) 
text(dca1.log,dca2.log,labels,cex=0.75) 
 
#Extracting DCA-axes for species scores: 
dca11.log<-scores(dca.r.log,display="species",origin=TRUE)[,1] 
dca22.log<-scores(dca.r.log,display="species",origin=TRUE)[,2] 
 
#Allocating all species names to "label": 
labels2.log<-names(dca.species.log)  
labels2.log 
 
#Plotting species names: 
plot(dca11.log,dca22.log,xlab="DCA1",ylab="DCA2",type="n") 
text(dca11.log,dca22.log,cex=0.75,labels2.log) 
lines(c(0,0),c(-5,5),col=8,lty=2) 
lines(c(-5,5),c(0,0),col=8,lty=2) 
 
#Extracting DCA-axes with origin=T: 
dca111.log<-scores(dca.r.log,display="sites",origin=TRUE)[,1] 
dca222.log<-scores(dca.r.log,display="sites",origin=TRUE)[,2] 
 
#Loading and attaching environmental variable matrix: 
dca.env.log<-read.csv("DCA_ENV.csv",header=T, sep = ";") 
attach(dca.env.log) 
names(dca.env.log) 
str(dca.env.log) 
 
dca.env.surf <- dca.env.log[1:47,c(1,2,4,8,10,12,14)] 
 
## Select the 30% most abundant species and call the result 
limitedspecies.log <- ordiselect(dca.species.log, dca.r.log, ablim = 0.3) 
limitedspecies.log 
 
#PLOT# 
 
#All environmental factors 
dca.log<-
envfit(scores(dca.r.log,display="sites",choices=1:4,origin=TRUE)[,1:2],dca.env.log,999) 
plot(dca111.log,dca222.log,xlim=c(-2,2),ylim=c(-1,1), xlab="DCA1(29.8%)",ylab="DCA2(10.0%)", 
type="n") 
points (dca111.log,dca222.log,cex=2,pch=c(21,22,24)[Month],col=c("black"), 
bg=c("lightsalmon4","cornsilk","blue","lightblue3")[Type]) 
plot(dca.log,arrow.mul=1.2,col=1,add=T,cex=0.75) 
lines(c(0,0),c(-5,5),col=8,lty=2) 
lines(c(-5,5),c(0,0),col=8,lty=2) 
#ordipointlabel(dca.r, scaling = scl,  
#display = "species", select = limitedspeciesdca, col = "red", cex=0.7, add=TRUE) 
 
#Only surface factors 
dca.log.surface<-
envfit(scores(dca.r.log,display="sites",choices=1:4,origin=TRUE)[,1:2],dca.env.surf,999) 
plot(dca111.log,dca222.log,xlim=c(-3,3),ylim=c(-1.5,1.5),xlab="DCA1(31.3%)",ylab="DCA2(8.9%)", 
type="n") 
points (dca111.log,dca222.log,cex=2,pch=c(21,22,24)[Month],col=c("black"), 
bg=c("lightsalmon4","cornsilk","blue","lightblue3")[Type]) 
plot(dca.log.surface,arrow.mul=1.9,col="grey30",add=T,cex=1.2) 
lines(c(0,0),c(-5,5),col=8,lty=2) 
lines(c(-5,5),c(0,0),col=8,lty=2) 
ordipointlabel(dca.r.log, scaling = scl,  
display = "species", select = limitedspecies.log, col = "dodgerblue4", cex=0.85, add=TRUE) 
 
#CCA# 
 
#Import packages# 
library(vegan) 
library(na.tools) 
 
#Read file# 
ZOO_CCA_m3 <- read.csv("CCA_dataset_m3.csv",header=T, sep = ";") 
na.rm(ZOO_CCA_m3) 
attach(ZOO_CCA_m3) 
 
#Make species and environmental vectors 
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CCA_m3_zoo <-ZOO_CCA_m3[1:47,25:56] 
CCA_m3_env <- ZOO_CCA_m3[1:47,7:20] 
CCA_m3_station <- ZOO_CCA_m3[1:47,1] 
CCA_m3_type <- ZOO_CCA_m3[1:47,2] 
CCA_m3_type2 <- ZOO_CCA_m3[1:47,3] 
CCA_m3_type3 <- ZOO_CCA_m3[1:47,4] 
CCA_m3_fjord <- ZOO_CCA_m3[1:47,5] 
CCA_m3_month <- ZOO_CCA_m3[1:47,6] 
CCA_m3_depth <- ZOO_CCA_m3[1:47,7] 
CCA_m3_temp <- ZOO_CCA_m3[1:47,8] 
CCA_m3_temp_15m <- ZOO_CCA_m3[1:47,9] 
CCA_m3_salinity <- ZOO_CCA_m3[1:47,10] 
CCA_m3_salinity_15m <- ZOO_CCA_m3[1:47,11] 
CCA_m3_pH <- ZOO_CCA_m3[1:47,12] 
CCA_m3_chla <- ZOO_CCA_m3 [1:47,14] 
CCA_m3_chla_15m <- ZOO_CCA_m3 [1:47,15] 
CCA_m3_turbidity <- ZOO_CCA_m3[1:47,16] 
CCA_m3_turbidity_15 <- ZOO_CCA_m3[1:47,17] 
CCA_m3_julien <- ZOO_CCA_m3[1:47,18] 
CCA_m3_photic <- ZOO_CCA_m3[1:47,19] 
CCA_m3_secchi <- ZOO_CCA_m3[1:47,20] 
 
#Choose the most abundant species (30%) 
limitedspecies.cca <- ordiselect(CCA_m3_zoo, CCA_m3, ablim = 0.3) 
limitedspecies.cca 
 
#Test the variables for variation explained 
 
CCA_STATION_m3<-cca(CCA_m3_zoo~Station)  
CCA_STATION_m3 
 
CCA_MONTH_m3<-cca(CCA_m3_zoo~Month) 
CCA_MONTH_m3 
anova(CCA_MONTH_m3) 
 
CCA_FJORD_m3<-cca(CCA_m3_zoo~Fjord) 
CCA_FJORD_m3 
anova(CCA_FJORD_m3) 
 
CCA_TYPE_m3<-cca(CCA_m3_zoo~Type) 
CCA_TYPE_m3 
anova(CCA_TYPE_m3) 
 
CCA_DEPTH_m3<-cca(CCA_m3_zoo~CCA_m3_depth) 
CCA_DEPTH_m3 
anova(CCA_DEPTH_m3) 
 
CCA_TEMP_m3<-cca(CCA_m3_zoo~CCA_m3_temp) 
CCA_TEMP_m3 
anova(CCA_TEMP_m3) 
 
CCA_TEMP_m3_15m<-cca(CCA_m3_zoo~CCA_m3_temp_15m) 
CCA_TEMP_m3_15m 
anova(CCA_TEMP_m3_15m) 
 
CCA_TURB_m3<-cca(CCA_m3_zoo~CCA_m3_turbidity) 
CCA_TURB_m3 
anova(CCA_TURB_m3) 
 
CCA_TURB_m3_15m<-cca(CCA_m3_zoo~CCA_m3_turbidity_15) 
CCA_TURB_m3_15m 
anova(CCA_TURB_m3_15m) 
 
CCA_SECCHI_m3<-cca(CCA_m3_zoo~CCA_m3_secchi) 
CCA_SECCHI_m3 
anova(CCA_SECCHI_m3) 
 
CCA_SALINITY_m3<-cca(CCA_m3_zoo~CCA_m3_salinity) 
CCA_SALINITY_m3 
anova(CCA_SALINITY_m3) 
 
CCA_SALINITY_m3_15m<-cca(CCA_m3_zoo~CCA_m3_salinity_15m) 
CCA_SALINITY_m3_15m 
anova(CCA_SALINITY_m3_15m) 
 
CCA_CHLA_m3<-cca(CCA_m3_zoo~CCA_m3_chla) 
CCA_CHLA_m3 
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anova.cca(CCA_CHLA_m3) 
 
CCA_CHLA_m3_15m<-cca(CCA_m3_zoo~CCA_m3_chla_15m) 
CCA_CHLA_m3_15m 
anova(CCA_CHLA_m3_15m) 
 
#Test the variables without including other parameters (such as Julian day and month) 
 
#Surface parameters 
CCA_m3_surf<-
cca(CCA_m3_zoo~Temp_surface+Turbidity_surface+Salinity_surface+Chla_GFF_surface+Secchi_depth+C
ondition(Month+Julien_day)) 
CCA_m3_surf 
anova(CCA_m3_surf, by="term") 
 
#PLOT# 
 
#CCA plot showing the constraining variables as vectors - with TYPE in different colours. 
plot(CCA_m3_surf,type="n",xlab='CCA 1 (6.4%)',ylab='CCA 2 (2.6%)', xlim=c(-5.5,5),ylim=c(-
2,3)) 
points (CCA_m3_surf,cex=1.8,pch=c(21,22,24)[CCA_m3_month], 
col=c("black","black","black","black")[CCA_m3_type], 
bg=c("lightsalmon4","cornsilk","blue","lightblue3")[CCA_m3_type]) 
#text(Zooplankton.cca,adj=1,col="black",cex=0.7, labels=Station) 
text(CCA_m3_surf,display="bp",col="black",arrow.mul = 3.5, cex=1.4)  
ordipointlabel(CCA_m3, scaling = "symm", 
              display = "species", select = limitedspecies.cca, col = "dodgerblue4", cex=1.02, 
add=TRUE) 
 
 
 
 
 
 
 
 

 
 

 

 


