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Summary 

For management and conservation of species, it is important to have a comprehensive 

understanding of fish communities and the mechanisms that affect population structure, 

including all life-stages. At the prospect of global warming, an understanding of how 

increasing temperatures may affect both species and communities becomes increasingly 

important.  In 2002, a regime shift occurred along the Norwegian Skagerrak coast in relation 

to increasing sea temperatures. The regime shift included a substantial reduction in 

recruitment of 0-group gadoids, reduction in copepod biomass and changes in phytoplankton. 

Still, an important part of the fish community in shallow water, consisting of small, short-

lived species has yet not been described as these fishes slip through the meshes of the beach 

seine used in the annual sampling series along the coast. In this study, the fish community 

before and after this regime shift is described using a more fine-meshed beach seine. Six 

locations near Arendal were sampled biweekly from May to October, and data obtained in 

1997-1999 were compared to new data from 2016-2017. This revealed a substantial decrease 

in the abundance of small, short-lived species (one-year life cycle) from the first to second 

period, hereunder two-spotted goby (Gobiusculus flavescens F.) and painted goby 

(Pomatoschistus pictus M.).  This is discussed in context of the 2002 regime shift and the 

change in abundance and timing of plankton in general. Evidence suggests that a change in 

the zooplankton community with a substantial decrease in Para-/Pseudocalanus and other 

small-sized copepods, may have deprived the juvenile gobies of adequate prey and thus 

preventing growth into adult individuals.  

During the first period, these small-sized species formed high concentrations in the autumn 

and probably served as important prey for a variety of predators during autumn and winter, 

among these the 0-group cod (Gadus morhua L.). Before the regime shift in 2002, the year-

class strength of cod was mainly determined at the 0-group stage. However, after 2002 beach 

seine catches of I-group cod have been very low, also after strong year-classes at the 0-group 

stage. Based on evaluations of potential causes, including predation from seals and sea birds 

and changed behaviour in cod, it is probable that the survival during autumn and winter is low 

due to reduced food availability from the collapse of the short-lived species. Low prey 

abundance may cause starvation mortality, but also increased predation as the small cod must 

spend more time searching for food and thus become visible to predators. On the other hand, 
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there is evidence to suggest that predation on both the small, short-lived species and larger 

species has been lower after the regime shift in 2002.  

In conclusion, it appears that the regime shift in 2002 resulting in substantially reduced 

abundances of copepods has led to low survival in both the small, short-lived species and in 

0-group gadoids. Deriving from this, the shift in the plankton community appears to have 

affected cod both directly and indirectly, by lower survival during the first summer because of 

low copepod abundances, and indirectly by low survival during autumn and winter due to low 

abundances of the short-lived species.  
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1.  INTRODUCTION 

1.1. Regime shifts and climate change 

In the management of marine species, it is important to have a comprehensive understanding 

of fish communities and the mechanisms influencing their population structure. Climate 

change is considered one of the most significant threats to biodiversity (Brierley and 

Kingsford, 2009), and it is essential to understand how species respond to changes during 

different life-stages. Changes in temperature have the potential to influence timing of life 

history events, affect metabolic costs, range of suitable habitat, and interaction and dynamics 

among species (Edwards and Richardson, 2004). The lower trophic levels (phytoplankton and 

zooplankton) have an important role in mediating climate induced changes to higher trophic 

levels, like Atlantic cod (Gadus morhua L.; hereby referred to as cod) (Beaugrand et al., 

2003). Marine pelagic communities are particularly sensitive to climate change (Edwards and 

Richardson, 2004), and responses to environmental change could trigger regime shifts, 

defined as abrupt and persistent shifts in the ecosystem, affecting several trophic levels 

(Johannessen, 2014).  

In the North Sea area, the surface temperatures have increased during the last decades 

(OSPAR, 2010), and large shifts have been observed in the ecosystem (Beaugrand and Kirby, 

2010; Alvarez-Fernandez et al., 2012). As a consequence, organisms dependent on 

temperature to stimulate physiological development and larval release, have significantly 

moved forward in their seasonal cycle since 1990 (Edwards and Richardson, 2004). Between 

1990 and 2010 the seasonal timing of phytoplankton and zooplankton changed, with certain 

species being present up to 4-6 weeks earlier (OSPAR, 2010). Differences in the extent of 

change between functional groups in the North Sea has led to reduced synchrony and a 

mismatch between successive trophic levels (Edwards and Richardson, 2004), also linking the 

increase in temperature to changed abundances and distribution of fish species (OSPAR, 

2010). 

As Skagerrak connects the North Sea and Kattegat/Baltic, it is thus impacted by being a 

mixture of Atlantic water from the North Sea, brackish water from Kattegat, and fresh water 

runoff from land, all affecting the water quality along the Norwegian Skagerrak coast. In the 

central Baltic, a regime shift impacting key zooplankton and fish species was observed in the 
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early 2000s (Möllmann et al., 2008). Prior to the regime shift in the Baltic, a shift in 

abundance and seasonal patterns in the plankton community of the North Sea was identified 

in 1998 (Alvarez-Fernandez et al., 2012). The connection between climate change and 

changes in plankton was suggested to be the impact of weather on ocean mixing and 

stratification (Hays et al., 2005). Identified drivers for the regime shift in the North Sea was 

air temperature, wind speed and the North Atlantic water inflow (Alvarez-Fernandez et al., 

2012). Changes in the balance of dissolved nutrients was suggested to be causing the shift in 

the plankton community (Reid et al., 2001; Alvarez-Fernandez et al., 2012). In relation to the 

shift in 1998 in the North Sea, a decrease in neritic copepods (Para-/Pseudocalanus spp. and 

Temora longicornis M.) was observed (Alvarez-Fernandez et al., 2012). Following the shift, 

in the warm period between 2000 and 2010, a pattern of high diatom and low dinoflagellate 

abundance was evident in the plankton community, accompanied by high abundance of 

Calanus helgolandicus C., but low abundances of Calanus finmarchicus G. and small-sized 

copepods (Lynam et al., 2017).  

Between 1985 and 2010, temperatures in Skagerrak increased by 1 to 2 °C, resulting in longer 

and warmer summers (OSPAR, 2010), and around 2002 the Norwegian Skagerrak coast 

experienced a regime shift. The shift was found to involve and affect several trophic levels: a 

shift in stoichiometry (Frigstad et al., 2013), a change in macroalgae community (Moy and 

Christie, 2012), and significant changes in the plankton community. The autumn bloom of 

phytoplankton virtually disappeared, and there were pronounced reductions both in certain 

zooplankton species (Falkenhaug and Omli, 2010; Johannessen et al., 2012) and in predatory 

fish species (Frigstad et al., 2013; Johannessen, 2014). The shift in the North Sea before 2000 

led to a decrease in copepods, and the shift in Skagerrak in 2002 was similarly succeeded by a 

large reduction in certain copepod species between the periods 2000-2003 and 2004-2012 

(e.g. a 71% reduction in Para-/Pseudocalanus spp.) (Falkenhaug and Omli, 2010; 

Johannessen, 2014,). The shift was abrupt and persistent, and was suggested to be caused by 

increasing temperatures (Johannessen et al., 2012; Johannessen, 2014). 

1.2. Shallow water fish community 

Nearshore, shallow water seagrass meadows are an important habitat and a highly productive 

component of temperate marine ecosystems (Rönnbäck et al., 2007). The habitat provides 

multiple functions for both migratory and stationary fish, including commercial and 
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recreationally valuable species, such as gadoids (family Gadidae) (Gotceitas et al., 1997; 

Lilley and Unsworth, 2014; Seitz et al., 2014). Eelgrass (Zostera marina L.) meadows provide 

food, protection from predators, and serves as nursery grounds for larval- and juvenile stages 

(Lilley and Unsworth, 2014), thus enhancing survival and growth (Gotceitas et al., 1997). 

This is the most important habitat for the juvenile stages of gadoids after settlement, and the 

cover of eelgrass in seagrass meadows on the Norwegian Skagerrak coast has been high after 

2000 (Johannessen et al., 2012; Johannessen, 2014). Some species, like certain species of 

gobies (family Gobiidae), goldsinny wrasse (Ctenolabrus rupestris L.) and pipefishes (family 

Syngnathidae) are present in the habitat for longer parts of their life-cycle, while others are 

only present for short, specific periods (Pethon, 2005). For example, gadoid species (family 

Gadidae) and corkwing wrasse (Symphodus melops L.) are, with few exceptions, only present 

as juvenile fish. Transparent goby (Aphia minuta R.) on the other hand, is only present in the 

habitat to spawn, as it is a pelagic, shoaling species for the rest of its one year life cycle 

(Pethon, 2005; Iglesias and Morales-Nin, 2001). Many species in the shallow water seagrass 

system, like gobies and smaller wrasses (family Labridae) are mesopredatory species. 

Mesopredatory species are defined as mid-trophic level species, with a diet consisting of 

mainly invertebrates (Bergström et al., 2016). These species are not traditionally exploited in 

commercial fisheries, but some species of wrasses are in increasing demand from the salmon 

aquaculture industry as cleaner fishes (IMR, 2017b). Furthermore, the mesopredatory species 

are important in the coastal food web (Bergström et al., 2016), and changes in their abundance 

may impact other parts of the system.  

Understanding the temporal structure in marine fish communities are important in the 

management and conservation of species. Regular monitoring is used to detect fluctuations 

and trends in fish stocks and biodiversity. Monitoring of the shallow water ecosystem on the 

Norwegian Skagerrak coast started as early as 1919 (Johannessen and Sollie, 1994). This is an 

annual beach seine survey conducted by the Institute of Marine Research (IMR), Flødevigen, 

with sampling along the coast at fixed stations in September (hereafter called the Flødevigen 

time series). The purpose of this survey is to assess fish stocks, focusing on the recruitment of 

gadoids, which is about six months old at the time of the survey. The Flødevigen time series 

has shown high variability and changes in the fish community over the years (Johannessen 

and Sollie, 1994). However, due to a mesh width of 15 mm, the traditional beach seine does 

not provide a representative sample for smaller fish, like the small-sized gobies. This group of 

fishes slips through the meshes, and as a consequence have not been monitored regularly in 
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these coastal areas. There are few studies and little knowledge about abundance and 

development over time (Johannessen, 2014). Gobies has minimal direct commercial interest. 

Nevertheless, these fishes are important in the ecosystem as an intermediate trophic level 

between zooplankton/smaller benthic fauna and larger predatory species such as gadoids and 

seabirds (Evans, 1983; Salvanes and Nordeide, 1993; Schückel et al., 2013). 

1.3. Implications for juvenile cod (Gadus morhua L.) 

The population of cod has been declining in the North Sea area for decades (Beaugrand et al., 

2003). In an effort to change the negative development, much focus has been on regulation of 

fishing. However, overfishing cannot solely explain the decreasing cod stocks in the North 

Sea (Beaugrand and Kirby, 2010; OSPAR, 2010), nor in cod populations along the 

Norwegian Skagerrak coast (Johannessen, 2010). In addition to overfishing, the decline of the 

cod stocks in the North Sea has been linked to declining abundance and shifts in seasonality 

of key planktonic prey (Beaugrand et al., 2003; Lynam et al., 2017). 

Along the Skagerrak coast prior to 2000, the year-class strength of cod was mainly 

determined at 0-group stage in September, when the juvenile cod is about six months old. 

This was reflected in a high correlation between 0-group and I-group of the following year 

(Tveite, 1971; Tveite, 1992; Johannessen, 2014). High survival rates between the settlement 

in May-June and September was found in relation to a diet of large, energy-rich copepods  

(Berthinussen, 1999; Krakstad, 1999; Johannessen, 2014), whereas an early shift to a more 

hyperbenthic diet (gobies, shrimps and mysids) or small-sized copepods, resulted in poor 

recruitment (Johannessen, 2014).  

The Flødevigen time series has revealed repeated incidents of abrupt and persistent 

recruitment collapses in gadoids, both locally and regionally (Johannessen, 2014). Before 

2000, these collapses were linked to gradually increasing nutrient loads which resulted in 

abrupt changes in the plankton community (Johannessen et al., 2012). After 2002, the beach 

seine catches of older cod (mainly consisting of I-group) have been very low (Figure 1), even 

after relatively strong year-classes at the 0-group stage (e.g. in 2011 and 2017). Accordingly, 

the positive correlation between 0-group and I-group the following year does no longer exist  

(Johannessen, 2014).  
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In contrast to earlier events, the recruitment failure in the beginning of the 2000s followed a 

gradual reduction in the nutrient load into the system (Frigstad et al., 2013). Johannessen 

(2014) proposed that a possible explanation could be a change in behaviour of cod (migration 

to other areas or deeper waters), or increased mortality of the 0-group during the first winter 

(predation or starvation due to reduced food availability). 

  
Figure 1: Abundances of 0-group and older (mainly I-group) cod (Gadus morhua) along the Norwegian Skagerrak coast, in 

September between 1960 and 2018, with a superimposed LOESS smoothing (data from the Flødevigen time series; modified 

and updated from (Johannessen, 2014)). 

During late autumn and winter, the diet of the 0-group cod largely consists of fish prey 

(Fjøsne and Gjøsæter, 1996; Bromley et al., 1997). Two-spotted goby (Gobiusculus 

flavescens F.) is a particularly important prey species (Fosså, 1991; Johannessen, 2014). In 

Masfjorden, Salvanes (1986) found large proportions of gobies (two-spotted goby and sand 

goby (Pomatoschistus minutus P.)) in the diet of gadoid fishes <30 cm, and that gobies 

dominated the diet of cod < 25 cm between October and March. Fosså (1991) described a 

situation where the biomass of herbivorous zooplankton, production and growth of gobies, 

and abundance of 0-group cod co-varied. It was suggested by Fosså (1991) that the two-

spotted goby could function as an indicator of available food in the system. Fluctuations in 

zooplankton propagated into the goby population, which influenced the growth in juvenile 

cod (and competitors), thus affecting higher trophic levels (Salvanes et al., 1992; Salvanes et 

al., 1995). 

1.4. Goals of the study 

In this study, changes in species abundances and the composition of species in the shallow 

water fish community were explored by comparing results from two sampling periods, before 

and after the regime shift in 2002. The first study was conducted between 1997 and 1999 
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(Johannessen, 2014), and analysed the overall community of demersal fish in shallow water 

throughout the year. This was done by frequent sampling of six stations with a smaller mesh-

sized seine (10 mm). To study the current state of the littoral and sublittoral zone in these 

waters and analyse the fish community for impacts of the regime shift in Skagerrak, this series 

was repeated with sampling from May to October in 2016 and 2017 (ongoing in 2018, but not 

included in this study). Differences in abundances between periods were explored to identify 

possible mechanisms for the low catches of older cod after 2000.   

Null hypotheses: 

1. There are no changes in the shallow water fish community before and after the regime 

shift in 2002. 

2. There are no changes in the fish community with possible implications for the survival 

of juvenile cod from 0- to I-group. 
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2.  MATERIALS AND METHODS 

2.1. Sampling 

Sampling was carried out with a beach seine at six locations in the Arendal archipelago. 

Beach seine sampling is a common method used to assess abundance and species composition 

of fish communities in shallow waters (Pierce et al., 1990) and for sampling eelgrass 

meadows, with >95% retention of fish in its path (Fosså, 1991; Gotceitas et al., 1997; 

Gjøsæter and Danielssen, 2004). The beach seine used was the same in the two periods. This 

beach seine was 40 m, plus 30 m ropes at each end. The used length of the end-ropes varied 

slightly according to the physical environment at each location, but was usually ~20 m. The 

height of the seine was 1.7 m, and the stretched mesh-width was 10 mm. The seine was 

deployed from a small motor boat in a semicircle between two fixed positions on the 

shoreline at each station. It was kept vertically in the water, the top buoyed by floats and the 

ground rope held down by weights, keeping the seine in permanent contact with the bottom. 

Two persons slowly hauled up the seine at an average speed of 3 m min-1 (for further 

description, see: Johannessen (2014)). The fish swam calmly in front of the net until they 

came close to the shore and were trapped by the seine stretching from bottom to surface. 

When the seine was secured, a pocket was made to keep the fish under water and alive. 

Sampling during two periods 

Sampling was conducted between May and October. This includes the time of settlement and 

use of the habitat by 0-group gadoids, the reproductive period of short-lived species, and also 

the period when longer-lived species have a regular presence in the shallow water habitat 

(Pethon, 2005). During late autumn and winter, these fishes generally seek to deeper water, 

and out of reach for beach seine sampling. 

The first period of sampling was conducted by Tore Johannessen in 1997, 1998 and 1999, 

from now on referred to as the first period. In this period, the frequency of sampling dates 

varied. During 1997, weekly sampling was conducted from late May to late July, then 

biweekly until October and one additional sampling in November. In 1998 and 1999 the 

locations were sampled biweekly from mid-April until the end of September, with additional 

sampling dates in October-November (Johannessen, 2014).  
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This study was repeated in 2016 and 2017 by sampling from mid-May to mid-October, from 

now on referred to as the second period. During the second period, sampling was conducted 

biweekly from mid-May to mid-September, and one additional sampling date in mid-October. 

2.2. Study area 

The Norwegian coast has fjords, inlets, islands and skerries, with variable depths, bottom 

structures and substrates, making it a heterogeneous habitat. In this study, the locations were 

chosen based on a criterion of high eelgrass-cover. Still, sampled bottom was not completely 

covered with eelgrass, and on these bare patches bottom substrate varied slightly between 

stations (Table 1, Other bottom substrate). During 1997 and 1998, sampling was conducted at 

six locations, 801 to 806. However, location 806 had different habitat from the other 

locations, with a higher maximum depth and bare sand bottom. Therefore, it was replaced 

with 807 in 1999, which was located 50 m east of 806, and had close to full cover of eelgrass. 

Location 806 was excluded from further analysis, as similar habitat in all locations was a 

condition. In the second period, the same locations were sampled as in 1999.  

Table 1: Description of the stations 801 to 807, with name, placement, maximum depth, vegetation cover each year, other 

bottom substrate on the location and which years the location was sampled. Vegetation/eelgrass cover coding: 1 = None 

(0%), 2 = Few plants(1-10%), 3 = Some plants(10-40%), 4 = Many plants(40-80%), 5 = Full cover(>80%). 

Station 

nr. 

Location 

name: Exposure: 

Max. 

depth: 

Eelgrass cover: Other bottom 

substrate: 

Years 

sampled: 1997 1998 1999 2016 2017 

801 Buøybukta Inner 8 m 4-5 4-5 4-5 5 5 Mud All 

802 Buøyodden Inner 6 m 3-5 3-5 4-5 5 5 Mud All 

803 Tromøybrua Inner 8 m 3-4 3-4 2-4 4 4 Mud All 

804 Tromøysund Inner 6 m 4-5 3-5 3-5 5 5 Mud All 

805 Gjessøya Outer 8 m 4 3-4 3-5 4 4 Sand All 

807 Langerumpa Outer 9 m - - 3-5 5 5 Sand ‘99, ‘16, ‘17 

 

The two outer locations were located on the inside of islands, in closer proximity to the open 

sea with the subsequent higher exchange of water with Skagerrak. These locations were 

placed in Mærdøfjorden on the inside of Langerumpa (807), and on the inside of Gjessøya 

(805) (Figure 2). The other four stations were placed in a more protected inner area, in sounds 

and inlets in Tromøysund (803-804) and around Buøya (801-802). At each station, there were 

fixed recognizable characteristics, making accurate and reproducible sampling possible. 
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Figure 2: Map over study area (Johannessen, 2014). The sampled locations, 801-807 on the outside of Arendal. 

2.3. Identification of species, length and weight 

When the seine was hauled ashore and the catch were secured, the fish were sorted. Larger 

fish (and their young-of-the-year) were put in water, before being identified to species, 

measured to the nearest centimetre, and released. The exception was the 0-groups of cod and 

pollack (Pollachius pollachius L.) which were put on ice and brought back to the lab, where 

they were measured to the nearest millimetre and weighed to 0.01 gr. Small-sized fishes, 

which were the short-lived species of the Gobiidae, three-spined stickleback (Gasterosteus 

aculeatus L.), sprat (Sprattus sprattus L.) and shrimps (families Crangonidae and 

Palaemonidae), were brought back to the lab for identification and measurements. In the lab, 

the number of individuals of each species were recorded. Collected individuals were 

identified to the lowest possible taxonomic level based on observed morphological traits. The 

length (to the nearest mm) and total weight of 30 randomly selected individuals (to the nearest 

0.01 gr) were measured. If the catch of small fishes was large, the total catch was measured in 

dl. A randomly collected subsample of 5 dl was brought back to the lab for measurements. 

The subsample was used to estimate the total number of individuals in the catch. 
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2.4. Target species 

2.4.1.   Cod (Gadus morhua L.) 

Cod is a species that appears in both migratory and stationary coastal forms. It is widely 

distributed in continental shelf waters in the North Atlantic, and an important commercial 

species. Norwegian Skagerrak cod spawn during spring, usually in early March (Fromentin, 

2000), going through a life cycle with four main stages; egg, larvae, juvenile and adult. The 

eggs are pelagic, and the larvae and early juvenile also stays in the water column where they 

feed on copepod nauplii. When around 3-5 cm, the juveniles settle on the bottom of nursery 

grounds, preferably in habitats providing food and shelter (Gotceitas et al., 1997), like 

eelgrass meadows. Adult cod is an opportunistic species with respect to prey. Most of the 

prey organisms are associated with vegetation such as seagrass and seaweed, but the youngest 

cod also feed on planktonic crustaceans. During late autumn and the following winter, the 0-

group cod will change diet, feeding more on fish prey (Fjøsne and Gjøsæter, 1996; Bromley 

et al., 1997), mainly gobies (Danielssen et al., 2001). Especially the two-spotted goby is an 

important prey species (Fosså, 1991; Johannessen, 2014). The 0-group cod will stay in 

nearshore shallow (0-15 m) grounds at least until October-November. 

2.4.2.   Goldsinny wrasse (Ctenolabrus rupestris L.)  

Goldsinny wrasse is found in Black Sea and  the Mediterranean, and along the coasts from 

Morocco to the west coast of Norway (Pethon, 2005). Both adults and juveniles inhabit 

shallow water during summer, often in association with vegetation and eelgrass meadows. 

Mating occurs during June and July, and eggs are pelagic and hatch after 4 days at a 

temperature of 20°C. Larvae are pelagic and settle after about one week. Diet consists of 

bivalves and small crustaceans, preferably isopods and amphipods (Pethon, 2005). In 

addition, gastropods, shrimp, prawn, crab and fish were observed in the diet on the Norwegian 

Skagerrak coast (Fjøsne and Gjøsæter, 1996). 

2.4.3.   Black goby (Gobius niger L.) 

Black goby is distributed from the Western Africa, in the Mediterranean, Black sea, the 

British isles, the Baltic, Kattegat and to western Norway (Pethon, 2005). 
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Black goby is found from about 2 m to about 70 m depth. It reaches maturity during the 

second year, and spawning period is between May and August (Pethon, 2005). However, 

black goby may live for 5 years, and reproduces during several spawning seasons, with 

repeated spawning each season (Magnhagen, 1990). Diet consists predominantly of 

polychaetes, amphipods, copepods, barnacles/cirripeds, and some crab (Vesey and Langford, 

1985). Some larger black gobies (>6 cm) have been found to include fish in their diet, mainly 

Gobiidae represented by sand goby and smaller black goby (Fjøsne and Gjøsæter, 1996).  

2.4.4.   Painted goby (Pomatoschistus pictus M.) 

Painted goby is distributed from Spain, in the British isles, in the Skagerrak and Kattegat, and 

north to Trondheim fjord (Pethon, 2005). 

Painted goby is found from the shoreline down to 50 m. Preferred bottom substrates are 

gravel, coarse sand, with rocks and shells, in places with sand near cliffs and also on sandy 

substrate with eelgrass (Pethon, 2005). It inhabits shallow waters during summer, and deeper 

waters during winter. Length is recorded up to 9.5 cm, but rarely above 6 cm. Spawning takes 

place between April-July when the individual is 1 year, and the adult die shortly after 

spawning. Larvae live pelagic for 1-2 months, settling on the bottom as demersal fish at a 

length of about 10 mm. Diet consist mainly of small crustaceans (Moen and Svensen, 2003, 

Pethon, 2005) 

2.4.5.   Sand goby (Pomatoschistus minutus P.) 

Sand goby is distributed along the eastern Atlantic, from Gibraltar in the south to northern 

Norway. It is found through the Baltic, Kattegat and Faroes (Moen and Svensen, 2003).  

Sand goby grows to a maximum length of 9.5 cm, and with a mean length around 6 cm. It is 

mainly found on muddy and sandy bottom substrate at depths between 2-20 m, but have been 

found at depths of 60 m. (Pethon, 2005). The vast majority reach maturity at the age of 1, but 

a few may also spawn at the age of 2 years. Spawning takes place between March-August 

(depending on latitude and local temperature). The female can spawn multiple times, and the 

male guards the nest and egg. Eggs hatch after 6-20 days, depending on temperature 

(Magnhagen, 1990). The fry lives pelagic until it reaches a length of 12-17 mm, when it 

settles at the bottom. Most sand gobies dies after spawning (Pethon, 2005). The sand goby has 
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an intermediate trophic role in the shallow water food web. Diet consists of copepods, 

amphipods, isopods and different larvae (Moen and Svensen, 2003). 

2.4.6.   Two-spotted goby (Gobiusculus flavescens L.) 

The two-spotted goby is a small (3-6 cm) semi-pelagic species (Svensson et al., 2000),, 

widely distributed on the eastern Atlantic coastline (Miller, 1986). Distribution is from the 

north-west of Spain, the Faroe islands, north to Vesterålen, and in the Baltic, excluding the 

south-eastern North Sea (Pethon, 2005). Two-spotted goby inhabit the shoreline/intertidal 

zone, mainly at depths from 1-5 m, but can be found down to around 20 m, especially during 

winter (Pethon, 2005). The favoured habitat is bottom covered by eelgrass or brown algae, 

and typical prey is small crustaceans (copepods, amphipods, mysids) and chaetognaths 

(Miller, 1986). 

Breeding occurs in the littoral zone, in shallow water (< 5m depth) (Skolbekken and Utne-

Palm, 2001), with subsequent variable temperature conditions between years. This influence 

timing of mating season and spawning. In Norway, sexual maturity is reached around one 

year. The breeding season extends from March to August, depending on latitude and 

temperature. Adult individuals die after spawning (Skolbekken and Utne-Palm, 2001; Pethon, 

2005). Fosså (1991) found that two year-classes existed together during autumn. They were 

easily distinguished, and a year-class of two-spotted goby disappeared from catches in its 

second autumn.          

Empty shells and macroalgae are used as nests by the male. Females are attracted to the nest 

throughout the season, and the male expend parental care by fanning, cleaning and guarding 

the nest against predators (Skolbekken and Utne-Palm, 2001). Eggs hatch after 10 days, and 

larvae is pelagic when hatching at 2.5 mm length. 

Two-spotted goby form shoals above the substratum in groups consisting of a few individuals 

to several hundred (Svensson et al., 2000). The abundance of gobies varies substantially 

through the season, and the production of two-spotted goby in a system can be highly variable 

between years (Fosså, 1991).  
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2.5. Data analysis 

Data volume used in this study is too comprehensive to be printed in appendix of the thesis. 

However, data can be made available by e-mailing the author: ingeraline@gmail.com. 

Temperature: 

Data of temperature at 1 m was obtained from the daily measurements at Flødevigen by 

Institute of Marine Research. The temperature trends for the five years of the study were 

superimposed on the average temperature over a 30-year period (1961-1990) and the 

associated daily standard deviation. Variability from day to day was considered unimportant 

for this study, and the raw data appeared messy and difficult to interpret. Therefore, LOESS 

regression was used to smooth the annual temperature data. LOESS is a non-parametric local 

polynomial regression method, which focuses on fitting a smoothed curve between two 

variables. 

Species richness and Pielou’s evenness: 

All species of fish (48), shrimp (3) and jellyfish (3) (Table 2) were included in the 

calculations of richness and evenness. Species richness S was calculated for each haul. To 

assess species evenness, Shannon’s diversity index H’ was calculated for each haul (equation 

1), where i one species and pi  is the relative proportions of species i in the community. 

 

𝐻′ = − ∑ 𝑝𝑖𝑙𝑜𝑔2𝑝𝑖

𝑆

𝑖=1

 

(1) 

Thus, the proportion pi = 
𝑛𝑖

𝑁
 , with 𝑛𝑖, the number of individuals of species i, and N the total 

number of individuals in the haul. 

The maximum Shannon index (𝐻′𝑚𝑎𝑥 = 𝑙𝑜𝑔2S) was used to calculate the Pielou’s evenness 

index in each haul (equation 2). 

 
E =

𝐻′

𝐻′𝑚𝑎𝑥
 

(2) 

Pielou’s evenness index tends towards 0 when few species dominate the community, whereas 

it tends towards 1 when species are evenly represented. 
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Species richness and Pielou’s evenness index was calculated for each haul and smoothed with 

LOESS for each year. A 95% confidence interval (CI) was computed on each LOESS curve 

(equation 3). 

 𝐶𝐼 = [𝑦𝑡 − 𝑥𝛼𝑆𝐸(𝑦𝑡); 𝑦𝑡 + 𝑥𝛼𝑆𝐸(𝑦𝑡)], (3) 

with 𝑦𝑡 an estimate point of the LOESS curve, 𝑥𝛼 an estimate of the 97.5𝑡ℎquantile as 

𝛼 𝑒𝑞𝑢𝑎𝑙𝑠 97.5% and SE(𝑦𝑡) an estimate of the standard error of 𝑦𝑡. 

If confidence intervals of two LOESS smoothing lines overlap, differences are not statistically 

significant. 

Community abundance of longer-lived and short-lived species 

To study the variation of abundance in the community between years, a stacked bar-plot of 

total abundance and relative abundance for each year was made, dividing species into longer-

lived species and short-lived species. Longer-lived species were also included in the 

abundance-plot of short-lived species for visualization of proportional size between the two 

groups. Comparison between years was done on half-monthly bases, e.g. first and second half 

of June (see Figure 6). For each half-month the mean catch of all species were estimated for 

each year, grouped in short-lived and longer-lived species.  

Abundance and length of each individual species 

Abundance and mean length of all species present in >10% of the hauls were described. 

Longer-lived species with abundance numbers too low to justify estimation of mean length 

are presented with number of individuals per haul only. In addition, sprat and Atlantic herring 

(Clupea harengus L.) were in most cases logged in the field-data as “few”, “some”, “many”, 

and in other cases as total number or estimated number, and are therefore not presented with 

abundance or length. 

Abundance through the sampled season in terms of number of individuals per haul and mean 

length of fish, were estimated with the LOESS method as described under temperature. 

Confidence intervals of LOESS smoothing lines of number of individuals per haul were not 

presented because the width of the confidence intervals was mainly due to differences in 

species composition between stations, and not variability related to the sampling 
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methodology. The difference in abundances between stations was quite consistent, e.g. 

stations 807 had consistently the highest abundance of 0-group gadoids and station 804 the 

lowest, and in years with high abundances the difference could be quite big.   

Mean length through the season were presented with CI of the LOESS curves (as described 

under species richness), as length data was not location-specific, and the observed width of 

the CI was therefore representative of the true variance between years. 

ANOVA 

Some species and parts of seasons were of special interest and were tested with ANOVA for 

differences between years. If not specified differently in the results, the analysed data were 

peak-abundances. The following species/groups were tested; short-lived gobies (both peak of 

parent generation and peak of 0-group abundance, except for crystal goby), three-spined 

stickleback (peak of parent generation and peak of 0-group abundance), shrimp (peak 

abundance), the peak abundance for 0-group of cod, saithe (Pollachius virens L.), pollack and 

whiting (Merlangius merlangus L.) in spring, autumn abundance for 0-group of cod, saithe 

and pollack, abundance peak for 0-group of goldsinny wrasse, abundance from June to 

August for older goldsinny wrasse, abundance peak for 0-group of corkwing wrasse and 

abundance peak of broadnosed pipefish (Syngnathus typhle L.).  

Data for ANOVA-testing of peak abundances were selected by taking the sample-date with 

highest mean abundance and adding one sample-date before and one date after. ANOVA was 

subsequently carried out on individual catches obtained on the three selected sampling dates 

(normally 6 hauls x 3 dates = 18 observations). For 1997, which had cases of more frequent 

sampling during part of the year, the sample date closest to +/- 14 days was chosen. If the 

highest mean was the first or last sampling date of the year, the two following or the two 

preceding dates were selected. The observations had in many cases large variation due to 

species having varying abundances between the different locations. For this reason, all data 

were transformed with natural log ((x+1) to account for samples with 0 individuals), before 

performing the ANOVA. In case of statistically significant ANOVA results, Tukey HSD 

(Honestly Significant Difference) tests was used as post-hoc test for pairwise comparisons.  

All levels of significance were set at p=0.05. 
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Relationship between stocks of adults and offspring in short-lived species 

For four short-lived species (two-spotted goby, painted goby, sand goby and three-spined 

stickleback) which it was possible to estimate both spawning stock and offspring abundances, 

a relationship analysis between adult and off-spring abundance was conducted. Mean peak-

abundances (presented in tables with each species in chapter 3) based on three sampling-dates 

were used for each stock.  

All average stocks were standardized to zero mean and standard deviation equal 1. (equation 

4). 

 
𝑧 =

𝑋 − 𝜇

𝜎
 

(4) 

With X the mean number of individuals in a specific stock, 𝜇 the mean number of individuals 

in this stock over the five years, and 𝜎 the standard deviation associated. Standardization was 

carried out for each species for adult and off-spring abundances separately. 
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3.  RESULTS 

The results describe intra- and inter-annual variability in species composition and in 

individual species of fish and invertebrates in shallow waters, with focus on potential 

differences between the first (1997-1999) and the second (2016-2017) period. Some issues 

that are considered less important for the overall goal of this study are discussed in relation to 

presentation of the results. 

3.1. Temperature 

Water temperature on the southern coast of Norway is highly variable through the year 

(Figure 3). During winter, the temperature at 1 m depth is normally below 5°C, while during 

summer, the temperature generally fluctuates between 15°C and 18°C. Winter temperatures 

was above the 30-year average for all years in this study, except for early winter of 1997. 

Temperatures in spring and autumn were generally higher or as high as the 30-year average, 

with early high temperatures during June in 1997 and 2016. Spring temperature is relevant as 

it affects time of appearance of some species in shallow water after the winter. Summer 

temperature varied substantially between years, with 1997 and 1999 being the warmest. The 

lowest summer temperature occurred in 1998 when it was below the 30-year average from 

July until September. Summer temperatures in the second period were higher than the 1961-

1990 average. 

 

Figure 3: Water temperature at 1 m depth during all years, LOESS smoothing curves superimposed on the average 

temperature between 1961 and 1990 ± 1 standard deviation (SD) (Temperature data from daily measurements in Flødevigen, 

conducted by IMR). 
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3.2. List of species 

Table 2 presents the list of all species caught in the beach seine during this study, identified 

by morphological analysis. The list contains 48 species of fish, 3 species of shrimp and 3 

species of jellyfish.  

Table 2: List of species caught in the beach seine hauls during five years. Includes information of 48 species of fish, 3 species 

of shrimp and three species of jellyfish. Info: L=longer-lived species, S= short-lived species, * = species caught in <5 % of 

the hauls, ** - between 5% and - 10 % of the hauls, †= shoaling species, not recorded number of individuals. 

Family: Latin name and authority: Common name: Info: 

Agonidae Agonus cataphractus (Linnaeus, 1758) Pogge L, * 

Ammodytidae 
Ammodytes tobianus (Linnaeus, 1758) + 

Hyperoplus lanceolatus (Le Sauvage, 1824) 
Sand lances 

L, * 

Anguillidae Anguilla anguilla (Linnaeus, 1758) European eel L, ** 

Callionymidae Callionymus lyra (Linnaeus, 1758) Dragonet L 

Carangidae Trachurus trachurus (Linnaeus, 1758) Atlantic horse mackerel L 

Clupeidae Clupea harengus (Linnaeus, 1758) Atlantic herring L, *, † 

Sprattus sprattus (Linnaeus, 1758) European sprat L, **, † 

Cottidae Myoxocephalus scorpius (Linnaeus, 1758) Shorthorn sculpin L 

Taurulus bubalis (Euphrasen, 1786) Long-spined sea scorpion L 

Gadidae Gadus morhua (Linnaeus, 1758) Atlantic cod L 

Melanogrammus aeglefinus (Linnaeus, 1758) Haddock L, * 

Merlangius merlangus (Linnaeus, 1758) Whiting L 

Pollachius pollachius (Linnaeus, 1758) Pollack L 

Pollachius virens (Linnaeus, 1758) Saithe L 

Trisopterus minutus (Linnaeus, 1758) Poor-cod L 

Gasterosteidae Gasterosteus aculeatus (Linnaeus, 1758) Three-spined stickleback S 

Spinachia spinachia (Linnaeus, 1758) Fifteen-spined stickleback S 

Gobiidae Aphia minuta (Risso, 1810) Transparent goby S 

Crystallogobius linearis (Düben, 1845) Crystal goby S 

Gobius niger (Linnaeus, 1758) Black goby L 

Gobiusculus flavescens (Fabricius, 1779) Two-spotted goby S 

Pomatoschistus microps (Krøyer, 1838) Common goby S, * 

Pomatoschistus minutus (Pallas, 1770) Sand goby S 

Pomatoschistus pictus (Malm, 1865) Painted goby S 
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Labridae Centrolabrus exoletus (Linnaeus, 1758) Rock cook L 

Ctenolabrus rupestris (Linnaeus, 1758) Goldsinny wrasse L 

Labrus bergylta (Ascanius, 1767) Ballan wrasse L 

Labrus mixtus (Linnaeus, 1758) Cuckoo wrasse L, ** 

Symphodus melops (Linnaeus, 1758) Corkwing L 

Pholidae Pholis gunnellus (Linnaeus, 1758) Butterfish L 

Pleuronectidae Limanda limanda (Linnaeus, 1758) Dab L, * 

Microstomus kitt (Walbaum, 1792) Lemon sole L, * 

Platichthys flesus (Linnaeus, 1758) European flounder L 

Pleuronectes platessa (Linnaeus, 1758) European plaice L, ** 

Salmonidae Salmo trutta (Linnaeus, 1758) Sea trout L 

Scombridae Scomber scombrus (Linnaeus, 1758) Atlantic mackerel L, * 

Scophthalmidae Lepidorhombus whiffiagonis (Walbaum, 1792) Megrim L, * 

Phrynorhombus norvegicus (Günther, 1862) Norwegian topknot L, * 

Scophthalmus rhombus (Linnaeus, 1758) Brill L, * 

Scophthalmus maximus (Linnaeus, 1758) Turbot L, * 

Soleidae Solea solea (Linnaeus, 1758) Common sole L, * 

Syngnathidae Entelurus aequoreus (Linnaeus, 1758) Snake pipefish L, ** 

Nerophis ophidion (Linnaeus, 1758) Straightnose pipefish L, ** 

Syngnathus acus (Linnaeus, 1758) Greater pipefish L 

Syngnathus rostellatus (Nilsson, 1855) Lesser pipefish L, ** 

Syngnathus typhle (Linnaeus, 1758) Broadnosed pipefish L 

Triglidae Eutrigla gurnardus (Linnaeus, 1758) Grey gurnard L, * 

Zoarcidae Zoarces viviparus (Linnaeus, 1758) Viviparous blenny L 

Invertebrates: 

Crangonidae Crangon crangon (Linnaeus, 1758) Brown shrimp S 

Palaemonidae Palaemon adspersus (Rathke, 1837) Baltic prawn S 

Palaemon elegans (Rathke, 1837) Rock shrimp S 

Cyaniidae Cyanea capillata (Linnaeus, 1758) Lion’s mane jellyfish S, ** 

Cyanea lamarckii (Péron & Lesueur, 1810) Blue jellyfish S 

Ulmaridae Aurelia aurita (Linnaeus, 1758) Moon jellyfish S 
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3.3. Richness and evenness of species 

During the first period, species richness showed similar patterns between years (Figure 4), 

with increasing richness from 10-13 species per haul in May, to about 17-18 species in 

summer/early autumn. From around September, species richness decreased to similar levels 

as in May. During the second period the seasonal pattern in species richness was less 

pronounced, and species richness fluctuated between 17 and 20 species, generally higher 

compared to the first period.  

 

Figure 4: Species richness (all species included) between May and October-November, presented as LOESS smoothing 

curves and CI at 95%, all years of the study. 

Species richness was higher in May and June during 2016 and 2017, and this was the most 

distinct difference between periods. 

 

Figure 5: Pielou’s evenness index (all species included) between May and October-November, presented as LOESS 

smoothing curves and CI at 95%, all years of the study. 
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Pielou’s evenness index varied between 0.4 and 0.6 in May (Figure 5). There was a decrease 

in June in all years, before increasing again in July. During the first period, evenness 

decreased from August onwards, while in the second period, evenness stayed at a higher 

level, with a slower decrease until reaching about the same level as during the first period in 

October. 

3.4. Composition of species 

To study composition of species in the fish community, species were defined as either short-

lived or longer-lived, where short-lived species live for one year and longer-lived species live 

for ≥2 years.  The group of short-lived species consist of transparent goby, two-spotted goby, 

painted goby, sand goby, crystal goby, three-spined stickleback, fifteen-spined stickleback 

and three species of shrimps. Longer-lived species include the rest of the fish species from 

Table 2. Fifteen-spined stickleback (Spinachia spinachia L.) was, due to its larger size and 

very low abundance compared to the other short-lived species, grouped in “other longlived” 

in the analysis of abundance and relative abundance of the fish community. Moon jellyfish 

(Aurelia aurita L.), Lion’s mane jellyfish (Cyanea capillata L.) and blue jellyfish (Cyanea 

lamarckii P. & L.) was not included in the overall abundance analysis but are presented with 

figures of abundance after short-lived species.  

3.4.1.   Abundance of longer-lived species 

The abundance and relative abundance of longer-lived species are presented in Figure 6, 

organized by families, or species when there was only one species from a given family. 

Gadoids and Atlantic horse mackerel (Trachurus trachurus L.) consist almost exclusively of 

0-group, whereas the other families and species consists of various age groups. The gadoids 

are spring spawners, whereas, gobies, wrasses and pipefishes spawn during summer (Pethon, 

2005). 

The seasonal patterns in total abundance were dome-shaped, with relatively low abundance in 

May and October, and peak abundance in August-September (Figure 6). However, in 2017, 

high abundances of gadoids were observed already in May, resulting in gradual reduction in 

total abundance from May to October (Figure 6i).  
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Figure 6: Total abundance (left) and relative abundance (right) of longer-lived species: Figure information on page 23. 
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Figure 6: Total abundance (left) and relative abundance (right) of longer-lived species, during the sampling season, for all 

five years (1997=a,b, 1998=c,d, 1999=e,f, 2016=g,h, 2017=i,j). Each period shows the mean of all samples in that period. 

Groups: Gadoids includes cod (Gadus morhua), whiting (Merlangius merlangus), saithe (Pollachius virens), pollack 

(Pollachius pollachius), poor cod (Trisopterus minutus) and haddock (Melanogrammus aeglefinus). Black goby (Gobius 

niger) is the only longer-lived species of the family Gobiidae. Wrasses (family Labridae) includes goldsinny wrasse 

(Ctenolabrus rupestris), ballan wrasse (Labrus bergylta), corkwing wrasse (Symphodus melops), rock cook (Centrolabrus 

exoletus) and cuckoo wrasse (Labrus mixtus). Pipefish (family Syngnathidae) includes broadnosed pipefish (Syngnathus 

typhle), lesser pipefish (Syngnathus rostellatus), greater pipefish (Syngnathus acus), straightnose pipefish (Nerophis 

ophidion) and snake pipefish (Entelurus aequoreus). Horse mackerel (Trachurus trachurus) is single species. The group 

“Other longlived” includes the rest of the longer-lived species caught in the beach seine (see Table 2). 

For the other families and species, the pattern in 2017 was in agreement with the general 

pattern of dome-shaped abundance during the sampled period.  

Gadoid abundance decreased gradually from May to October. This was particularly 

pronounced in relative abundance (Figure 6b, d, f, h, j), except in 1998 when the gadoids 

remained relatively abundant throughout the season (Figure 6d). Among the non-gadoids, 

abundances increased from May onwards, reaching peak abundance in August-September. 

This coincided with the appearance of the new generations from spawning during summer, 

and fluctuated around 400 individuals per haul, except in 1998 when peak abundance only 

reached ~230 per haul (non-gadoids). This was followed by low abundance in 1999, which 

lasted until the new generations started to appear in second half of August (Figure 6e, f). 

Black goby was generally the most abundant species, followed by wrasses. Pipefishes were 

relatively abundant in 1997 and 1999, while the abundance was low in 1998, 2016 and 2017. 

The relative abundance of pipefishes was higher in all years of the first period compared to 

2016-2017. Atlantic horse mackerel (0-group) was relatively abundant in September 1997 and 

1998, and also present in 1999, whereas no horse mackerel were caught during the last period. 

The group “Other longer-lived” consists of the rest of the longer-lived species from table 

(Table 2). This group contributed very little to total abundance in all years. 

Except for the extraordinary high abundance of gadoids in 2017, the overall abundance of 

longer-lived species did not show marked differences between the first and second period. 

3.4.2.   Description of individual longer-lived species. 

For individual species present in >10% of beach seine hauls, figures of abundance are 

presented. A figure of mean length is presented when number of individuals caught in a 

specific period is sufficient to make a presentable figure. A table of mean abundances for 

periods under consideration, for each year is presented for selected species considered 

relevant for further exploration (e.g. Table 3). Also included is the number of hauls used in 
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the analysis. These periods were subjected to ANOVA-testing of differences between means. 

Peak abundance represents the date of highest abundance and samples obtained on the 

previous and following sampling dates. For example, if peak occurred on June 15, samples 

obtained on June 1 and June 29 were included in the analysis (sampling was carried out 

biweekly). 

Family: Gadidae 

A total of six species of the Gadidae family were caught during the study. Haddock 

(Melanogrammus aeglefinus L.) was only caught sporadically and is not described further. 

For 0-group of cod, pollack, poor cod (Trisopterus minutus L.), saithe and whiting, abundance 

and length are presented. Older gadoids are not described further due to low abundances.  

To compare the abundance of selected 0-group gadoids in autumn, a dataset of hauls from the 

end of August through October was extracted, including a total of 104 observations. During 

this period, the 0-group abundance of cod, saithe and pollack were relatively stable (see 

below). 

• Cod (Gadus morhua L.) 

0-group of cod commenced settling in early May (Figure 7a) at lengths between 3-5 cm 

(Figure 7b), increased in abundance, before reaching a peak by the end of May to mid-June. 

During the first period (1997-1999), settlement for 0-group was quite similar between years, 

both in terms of time of settlement and peak abundance.  

  

Figure 7: Abundance (a) and length (b) of 0-group cod (Gadus morhua) for all years in the study, presented as LOESS 

smoothing curves for all years (length with CI at 95%). 

In 2016, peak abundance was lower compared to the first period. Contrasting this was very 

high abundances in 2017 observed already during the first sampling date in mid-May, with an 

a)  b) 
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earlier occurring peak. Nevertheless, the abundance dropped rapidly to about the same level 

as during the first period already in mid-June. 

The peak abundance (Table 3) was analysed with ANOVA, resulting in p<<0.001. A Tukey’s 

test was then performed, which resulted in significant differences between 1997 and 2017 

(p<0.001), 1999 and 2016 (p=0.027) and between 2016 and 2017 (p<0.001). After the peak, 

abundance decreased before reaching a more stable level from mid-August onwards. 

 ANOVA was performed for 0-group cod in the autumn and resulted in p<<0.001. The Tukey 

‘s test returned significant differences between 1997 and1998 (p<0.001), 1998 and 1999 

(p=0.001) and between 1998 and 2016 (p<0.001). This is also observed in the abundance 

figure (Figure 7a), and the table of means (Table 3), where 1998 stands out with 22.67 

individuals/haul in autumn. The year-class strength of 0-group cod as observed in September-

October, was in agreement with year-class strength observed regionally along the Skagerrak 

coast at the same time of the year, with weak year-classes in 1997, 1999 and 2016, a medium 

year-class in 2017, and a medium-strong year-class in 1998 (Johannessen, 2014; Tore 

Johannessen, pers. com.).  

Table 3: Mean abundances of 0-group cod (Gadus morhua) per year for analysed periods: peak abundance during spring, 

autumn abundances that include hauls from the end of August through October, and number of observations the means are 

based on. 

Cod, 0-group Mean number of individuals per haul No. of 

obs.: 
Group: 1997 1998 1999 2016 2017 

Spring peak: 40.80 51.67 52.67  20.50 181.39 84 

Autumn peak: 4.17  22.67 4.22  3.00 10.39 104 

 

There was low correlation between peak abundance in May-June and abundance in autumn. 

This relationship was highly variable between years, and this study did not reveal a pattern 

between periods. The growth rate of the population was quite similar during the various years 

(Figure 7), except for slightly higher growth in 1997 from August onwards. Mean size 

increased from <5 cm in May, to between 11-13 cm in October, with some variations between 

years.  
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• Saithe (Pollachius virens L.) 

Settlement in 0-group saithe in started in May (Figure 8a) at lengths of <5 cm (Figure 8b). 

Abundance peaked at different times and abundance was highly variable between years.  

  

Figure 8: Abundance (a) and length (b) of 0-group saithe (Pollachius virens) for all years of the study presented as LOESS 

smoothing curves for all years (length with CI at 95%). 

In 1997 and 1999, abundance peaked in mid-June, while in 1998, settlement was very low. In 

2016 there were apparently two peaks. The first in May-June with ~30 individuals per haul, 

and the second in mid-July. However, this second peak was caused entirely by a very large 

catch at one single location. As the mean length did not decrease in parallel with this peak 

(Figure 8), it was most likely not a result of new settlement. In 2017, the first sample-date had 

the highest abundance and was, together with 1997, the year with highest catches.  

Peak abundance (Table 4) was analysed using ANOVA, resulting in p<<0.001 for means 

between years. Tukey’s test resulted in significant differences between 2017 and all the other 

years at p<<0.001, and the other comparisons gave non-significant results with p≈1.000. 

Table 4: Mean abundance of 0-group saithe (Pollachius virens) per year for analysed periods; peak abundance during 

spring, and autumn abundance that include hauls from the end of August through October, and number of observations the 

means are based on. 

Saithe, 0-group Mean number of individuals per haul 
No. of 

obs.: 
Group: 1997 1998 1999 2016 2017 

Spring peak: 43.33 4.21 7.89 16.00 428.78 83 

Autumn peak: 5.00 0.40 0.04 0.83 15.72 104 

 

After the peak, abundance decreased in July. During the summer months 0-group saithe was 

not present in catches and did not reappear until September. The only exception was in 2017, 

when reappearance happened in August. From September and through October, abundance 

a) b) 



 

27 

 

was stable, and this period was tested with ANOVA, returning p<<0.001. The Tukey’s test 

resulted in significant values between 1997 and 1998 (p=0.026), 1997 and 1999 (P<0.001), 

1997 and 2016 (p=0.035), 1998 and 2017 (p=0.002), 1999 and 2017 (p<0.001) and between 

2016 and 2017 (p=0.003). In mid-October, length was considerably more variable between 

years than in cod, from a length of 16 cm in 2017, to 23 in 1999, and the two years with 

lowest abundance had the highest length in October. It should be noted, though, that the 

number of saithe caught in the autumn in 1998, 1999 and 2016, were very low. 

For the abundance and growth of 0-group saithe, the variation seemed to be between years, 

more than between periods. Abundance in autumn was considerably higher in 1997 and 2017, 

which corresponds to the years with highest peak-abundance at settlement. 

• Pollack (Pollachius pollachius L.) 

0-group pollack commenced settling later than cod and saithe (Figure 9a), but at similar 

length of <5 cm (Figure 9b). Abundance also peaked later in the season, with a more gradual 

decline in abundance after peak settlement. Pollack had higher abundance and settled earlier 

in the second period than in the first. In 2016 abundance peaked in the middle of June, 

whereas in 1997, 1998 and 2017, highest abundance was in the middle of July. In 1999, 

abundance was low with highest catch in all stations in the end of July, and the abundance 

peak in the end of August occurred due to a single haul. 

  

Figure 9: Abundance (a) and length (b) of 0-group of pollack (Pollachius pollachius) presented as LOESS smoothing curves 

for each year (length with CI at 95%). 

Settlement and abundance were higher in the second period (Table 5), and peak-abundance 

was analysed with ANOVA, resulting in p<<0.001.  

a) b) 
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Tukey’s test resulted in significant differences between 1997 and 1998 (p=0.049), 1997 and 

2016 (p<0.001), 1997 and 2017 (p<<0.001), 1998 and 2017 (p<0.001), 1999 and 2016 

(p=0.006), 1999 and 2017 (p<<0.001) and between 2016 and 2017 (p<0.001).  

Table 5: Mean abundance of 0-group pollack (Pollachius pollachius) per year for analysed periods; peak abundance during 

spring, and autumn abundance that include hauls from the end of August through October, and number of observations the 

means are based on. 

Pollack, 0-group Mean number of individuals per haul No. of 

obs.: 
Group: 1997 1998 1999 2016 2017 

Spring peak: 0.73  6.07  1.94 25.59 60.56 82 

Autumn peak: 0.13 2.53 1.26 8.39 28.94 104 

 

The abundance in September and October was still decreasing and not stable as in the 0-group 

of cod and saithe, but was analysed with ANOVA, resulting in p<<0.001. The Tukey’s test 

resulted in significant differences between both years of the second period compared to all 

years of the first (p<0.001), and between 2016 and 2017 (p<0.001).  

• Whiting (Merlangius merlangus L.) 

Whiting started settling in May-June (Figure 10a), at a length of ~5 cm (Figure 10b), with 

higher settlement earlier in the season during the second period. Abundance peaked in August 

in 1997 and 1998, and in September-October in 1999. In comparison, abundance increase d 

from May and peaked in July during the second period. 

  

Figure 10: Abundance (a) and length (b) of 0-group of whiting (Merlangius merlangus) presented as LOESS smoothing 

curves for each year (length with CI at 95%). 

After peak abundance, numbers declined rapidly. In October, relatively few individuals were 

caught, and length varied between 12 and 16 cm, but the only year significantly different was 

1999, with the highest mean lengths. 

a) b) 
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Table 6: Mean abundance of 0-group whiting (Merlangius merlangus) per year for analysed period; peak abundance during 

spring, and number of observations the means are based on. 

Whiting, 0-group Mean number of individuals per haul No. of 

obs.: 
Group: 1997 1998 1999 2016 2017 

Peak abundance: 24.47 30.40 13.67 11.53 24.33 83 

 

Peak abundance (Table 6) was tested with ANOVA, resulting in p=0.005. Tukey’s test 

resulted in significant differences between 1998 and 2016 (p=0.008) and between 2016 and 

2017 (p=0.019). From this study, variation seems to be more between years than periods, but 

with a possible shift in time of settlement and peak abundance towards earlier in the year. As 

0-group whiting peaked later in the season compared to the other gadoids, there were no 

indications of stability of autumn abundance, and peak abundance in autumn was not tested. 

• Poor cod (Trisopterus minutus L.) 

Poor cod was not an abundant fish in the community, but as the other gadoid fishes, it was 

highly abundant during the summer of 2017 (Figure 11a). Settlement commenced in late June 

at a size of <5 cm (Figure 11b), peaked in mid-July with >200 individuals per haul, and then 

decreased sharply in August. In October, the abundance was at the same low level as in 

previous years (notice the scale of the y-axis). There were some catch of 0-group poor cod in 

2016, but too few individuals to compare lengths. There were indications of earlier settlement 

in the second period. 

  

Figure 11: Abundance (a) and length (b) of 0-group of poor cod (Trisopterus minutus) presented as LOESS smoothing curves 

for all years (length with CI at 95%). 

Mean length increased towards August, and then was kept stable until October. This could be 

caused by migration to other areas as the fish reaches a certain length. 

a) b) 
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Family: Gobiidae 

Species of the Gobiidae family in these waters are short-lived species, except for black goby. 

• Black goby (Gobius niger L.) 

The abundance of black goby was low in early May but increased rapidly and reached a 

maximum in summer (Figure 12a). There were some fluctuations in abundance during 

summer, and variable abundances between years. Abundance in both years of the second 

period fluctuated around the abundance-line of 1997, which was the year of highest 

abundance of the first period. From the end of September, abundance declined as the black 

goby probably left the shallow water area when temperature decreased. The abundance did 

not differ markedly between periods. The population of black goby included several year-

classes, but very few 0-group individuals were observed in the catch. 

  

Figure 12: Abundance (a) and length (b) of black goby (Gobius niger) presented as LOESS smoothing curves for each year 

(length with CI at 95%). 

The mean size visualizes this (Figure 12b), with a stable length throughout the season. It 

should be noticed that the abundance was low in 1999 and the fish was then relatively large, 

which may suggest poor recruitment in 1998. 

Family: Labridae 

Five species belonging to the Labridae family occurred during the study. These were 

goldsinny wrasse, ballan wrasse, rock cook (Centrolabrus exoletus L.), corkwing wrasse and 

cuckoo wrasse (Labrus mixtus L.). Cuckoo wrasse only occurred sporadically with few 

individuals and is not described further.  

 

a) b) 
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• Goldsinny wrasse (Ctenolabrus rupestris L.) 

Goldsinny wrasse was present from the first sampling date in May (Figure 13a), with 

fluctuating, but generally increasing abundance towards summer.  

  

Figure 13: Abundance (a) and length (b) of goldsinny wrasse (Ctenolabrus rupestris) presented as LOESS smoothing curves 

for each year (length with CI at 95%). 

 

During the first period, abundance was lower in the beginning of May and June compared to 

the second period. Abundance peaked in August, in parallel with decreasing size (Figure 13b), 

indicating the appearance of the 0-group. In 1998, the abundance peak and parallel decrease 

in mean length was absent, indicating a missing 0-generation. During 2017 abundance peaked 

in September. 

In order to study recruitment in goldsinny wrasse, individuals were divided into 0-group and 

older fish based on length. For goldsinny wrasse this was possible as there was low overlap 

between the lengths of 0-group and older fish (Figure 14b, Figure 15b). The abundance of 

older goldsinny wrasse was generally higher in the second period (Figure 14a), especially 

between May and July, when abundance peaked. After July, numbers decreased until the last 

sampling date in October.  

  

Figure 14: Abundance (a) and length (b) of >1-year goldsinny wrasse (Ctenolabrus rupestris), as LOESS smoothing curves 

for each year (length with CI at 95%). 

a) 

a) b) 

b) 
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In Table 7, mean number of individuals per haul are presented for older individuals, 

containing all samples from June to august (214 obs.). Samples from May and September-

October was excluded to make the testing less sensitive to variation in spring/autumn-

temperature between years, which greatly affects the presence of older goldsinny wrasse. 

Means of the tested periods were higher in 2016 and 2017 compared to the first period (Table 

7). 

Table 7: Mean abundance of goldsinny wrasse (Ctenolabrus rupestris) per year for analysed periods; peak abundance of 0-

group, and seasonal abundance of adult individuals that include hauls from the end of June through August, and number of 

observations the means are based on. 

Goldsinny wrasse Mean number of individuals per haul No. of 

obs.: 
Group: 1997 1998 1999 2016 2017 

Peak 0-group: 38.13  0.13 22.96 40.11 48.72 89 

Older, June-August: 34.89 32.23  21.15 73.00 50.64 214 

 

Abundance of older goldsinny wrasse was tested for differences between years with an 

ANOVA, resulting in p<<0.001. Tukey’s test showed that both years in the second period 

differed significantly from 1999 at p <0.001, and 2016 also differed from 1998 (p =0.002). 

Within the first period, there were significant differences between 1997 and 1999 (p=0.004).  

  

Figure 15: Abundance (a) and length (b) of 0-group goldsinny wrasse (Ctenolabrus rupestris) presented as LOESS smoothing 

curves for all years (length with CI at 95%). 

Juvenile goldsinny wrasse started reaching a catchable size of 2-3 cm in July (Figure 15a and 

b), with abundance peaking in August-September. Peak abundance happened slightly later in 

the season in both years of the second period, while in 1998, the recruitment of goldsinny 

failed and there was almost no 0-group fish caught (4 individual fish in September).  

Differences in peak abundance of 0-group between years was analysed with ANOVA 

(including 89 hauls), resulting in p<<0.001. Tukey’s test returned significant differences 

a) b) 
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between 1998 and all the other years, between 1997 and 1999 (p<<0.001), between 1999 and 

2016 (p=0.035) and between 1999 and 2017 (p=0.003). Means of the analysed peak period 

are given in Table 7, and are higher during the second period. It should be noticed that the 

peaks observed in figure of abundance were quite similar in 1997, 1999 and 2016. The 

observed statistically significant differences are thus a result of the width of the peak, e.g. 

narrow in 1999 (high peak abundance of sampling date solely due to one station with very 

high abundance (62.4 individuals/haul), and the sampling date prior to peak having low 

abundance (2.17 individuals/haul), thus, it should be kept in mind that statistical analyses of 

peaks are based on three sampling dates, one before and one after the peak). In 1997 and 

2016, peaks were wider with a more even distribution between stations and sampling-dates. 

• Ballan wrasse (Labrus bergylta A.) 

Abundance of ballan wrasse showed little difference between periods (Figure 16a). The figure 

of mean length indicated an increasing proportion of 0-group caught from July-August 

onwards. In 1999, a peak appeared at the end of August in parallel with reduced size, which 

suggest that this was mainly 0-group (Figure 16b).  

  

Figure 16: Abundance (a) and length (b) of 0-group ballan wrasse (Labrus bergylta) presented as LOESS smoothing curves 

for all years (length with CI at 95%). 

• Rock cook (Centrolabrus exoletus L.) 

Abundance of rock cook started increasing in May (Figure 17a), consisting of older 

individuals (Figure 17b). Mean length started to decrease in July, indicating 0-group 

individuals reaching a catchable size, seen in parallel with peaks in abundance in July and 

August. The exception was in 1998, when recruitment appeared to be very low. This resulted 

in very low abundance in the first part of 1999, until the new generation showed up in August. 

b) a) 
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The large decrease in mean length during August of 1998 was caused by a generally very low 

abundance, and the appearance of 6 juvenile fish of short length in August-September. 

  

Figure 17: Abundance (a) and length (b) of rock cook (Centrolabrus exoletus) presented as LOESS smoothing curves for all 

years (length with CI at 95%). 

In the second period, abundance peaks were wider during August-September. Rock cook 

present in this period were mostly of the 0-group, as displayed in mean length.  

• Corkwing wrasse (Symphodus melops L.) 

Abundance of corkwing wrasse was low with only a few older individuals (Figure 18a and b) 

until mid-July, when abundance increased in all years except for 1998. This peak consisted of 

0-group, as observed by the parallel decrease in mean length (Figure 18b). Both 1997 and 

1999 had higher and more narrow peaks than the years of the second period, which had a 

more widespread distribution compared to the first period. 

  

Figure 18: Abundance (a) and length (b) of corkwing wrasse (Symphodus melops) presented as LOESS smoothing curves for 

each year (length with CI at 95%). 

Table 8: Mean abundances of 0-group corkwing wrasse (Symphodus melops) per year for analysed period: peak abundance, 

and number of observations the means are based on. 

Corkwing wrasse Mean number of individuals per haul No. of 

obs.: 
Group: 1997 1998 1999 2016 2017 

Peak abundance, 0-group: 53.67  2.43 51.06 38.78 28.33 82 

a) b) 

b) a) 
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In 1998, the abundance was very low, but slightly increasing towards October, indicating very 

low recruitment of corkwing wrasse in 19988. This difference between years was also 

apparent from the number of individuals per haul of peak abundance of 0-group (Table 8). 

Peak abundance was tested with ANOVA (including 82 hauls), resulting in p<<0.001. 

Tukey’s test showed significant differences between 1998 and all other years at p<<0.001, 

while all other comparisons were non-significant. 

Family: Syngnathidae 

Five species of the Syngnathidae family was caught during the study, however, only 

broadnosed pipefish had relatively high abundance. Snake pipefish (Entelurus aequoreus L.), 

straightnose pipefish (Nerphis ophidion L.) and lesser pipefish (Syngnathus rostellatus N.) 

were only sporadically caught in the seine. Greater pipefish (Syngnathus acus L.) had very 

low abundance, and a figure of yearly abundances is presented with other species of low 

abundance (Figure 21). 

• Broadnosed pipefish (Syngnathus typhle L.) 

Abundance of broadnosed pipefish was low from May to the end of July but increased 

towards a peak in August-September (Figure 19a). The abundance in the second period was at 

the same level as in 1998, representing the lowest level of abundance in the first period. Mean 

length show a decrease in parallel with peak abundance (Figure 19b), which suggest that the 

peak is associated with the appearance of a new generation.  

  

Figure 19: Abundance (a) and length (b) of broadnosed pipefish (Syngnathus typhle) presented as LOESS smoothing curves 

for all years (length with CI at 95%). 

Because of the slender body of pipefishes, they slip through the meshes when they are less 

than 10-15 cm which may explain why the reduction in size is not very pronounced with the 

a) b) 
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appearance of the new generation. The smoothing line of mean length was highly similar 

between 1998 and the second period (Figure 19b), with a decrease in length later in the season 

compared to 1997 and 1999. Mean of peak abundance also showed high similarity in numbers 

between 1998 and the second period (Table 9). 

Table 9: Mean abundance of broadnosed pipefish (Syngnathus typhle), per year for analysed period: peak abundance, and 

number of observations the means are based on. 

Broadnosed pipefish Mean number of individuals per haul No. of 

obs.: 
Group: 1997 1998 1999 2016 2017 

Peak abundance: 42.53 12.20 44.76 8.78 12.89  83 

  

Peak abundance was tested with ANOVA (including 83 hauls), resulting in p=0.001. Tukey’s 

test showed significant differences between 1997 and 2016 (p=0.007), 1997 and 2017 

(p=0.024) and 1999 and 2016 (p=0.24). 

There were obvious differences in abundance between years. Nevertheless, as both years in 

the last period were at the same level or lower than the year with lowest-abundance in the first 

period, this could indicate reduced abundance of broadnosed pipefish. 

Family: Carangidae 

In this study, the only species caught belonging to the Carangidae family was the Atlantic 

horse mackerel. 

• Atlantic horse mackerel (Trachurus trachurus L.) 

  

Figure 20: Abundance (a) and length (b) of 0-group Atlantic horse mackerel (Trachurus trachurus) presented as LOESS 

smoothing curves for all years (length with CI at 95%). 

a) b) 
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Atlantic horse mackerel appearing during all years of the first period, none in the second 

period, and when appearing, exclusively as 0-group individuals (Figure 20b). Abundance was 

high in 1997 and 1998, with 80 and 100 individuals per haul at peak abundance in September 

(Figure 20a). In 1999 the abundance was much lower, with a peak at 12 individuals per haul. 

On the other hand, there was not caught a single individual of the species in the second 

period. Studying the catches of Atlantic horse mackerel in the “Flødevigen” beach seine 

series, abundance was highly variable between years and periods (Tore Johannessen, pers. 

com.), possibly making the total absence in the two years of the last period a result of normal 

variations. 

Abundance of species with lower frequency: 

The rest of the long-lived species only appeared in low numbers. Shorthorn sculpin 

(Myoxocephalus Scorpius L.) was caught in higher numbers in the second period (Figure 

21a). Long-spined sea scorpion (Taurulus bubalis E.) was more abundant in July in the 

second period (Figure 21b). European flounder (Platichthys flesus L.) had similar low 

abundance during both periods (Figure 21c). Greater pipefish was caught in higher numbers 

in May-June in the second period (Figure 21d). Sea trout (Salmo trutta L.)  was caught in 

higher numbers between May and July in 2016 compared to the other years (Figure 21e). 

Dragonet (Callionymus lyra L.) had similar abundance from May to August in all years, and 

higher in September-October in 2017 (Figure 21f). Viviparous blenny (Zoarces viviparus L.) 

was at the same levels in 1998,1999,2016 and 2017, while in June and July of 1997, the 

abundance was higher (Figure 21g). Butterfish (Pholis gunnellus L.) had similar, low 

abundances in all years, but with some fluctuations in early summer of 1998 and 1999 (Figure 

21h). 
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Figure 21: Abundance of lower frequency species; a) shorthorn sculpin (Myoxocephalus Scorpius), b) long-spined sea 

scorpion (Taurulus bubalis), c) European flounder (Platichthys flesus), d) greater pipefish (Syngnathus acus), e) sea trout 

(Salmo trutta), f) dragonet (Callionymus lyra), g) viviparous blenny (Zoarces viviparus) and h) butterfish (Pholis gunnellus), 

presented as LOESS smoothing curves. 

 

 

 

 

a) b) 

d) 

e) f) 

g) h) 

c) 
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3.4.3.   Abundance of short-lived species 

Abundance and relative abundance of short-lived species are presented in Figure 22, 

organized by species, except for “shrimp”, which includes both Baltic prawn (Palaemon 

adspersus R.), Rock shrimp (Palaemon elegans R.) and brown shrimp (Crangon crangon L.) 

All short-lived teleost species presented are summer spawners, with some variation in timing 

(Pethon, 2005). Longer-lived species, which comprise all species presented in (Figure 6), 

were included in the abundance figures of short-lived species to visualize the relative 

differences in abundance between the two groups.  

During the first period, seasonal patterns of total abundance was consistent between years. 

Abundance was relatively low from May until July (but notice scale of y-axis). Peak 

abundance during the first half of the year occurred in June when total abundance fluctuated 

around 5000 individuals. During this period, the most abundant species was transparent goby, 

which is also apparent in the figures of relative abundance (Figure 22b, d and e). In July, total 

abundance was low in all years of the first period, followed by an increase in August, when 

other species became relatively more important; e.g. sand goby and three-spined stickleback 

in 1997 and 1999 (Figure 22b and e) and shrimp in 1997 and 1998 (Figure 22b and d). Peak 

abundance occurred in September when total abundance varied between 12000 in 1998 and 

48000 individuals per haul in 1999.  

After the peak, total abundance slowly decreased through October and November. The peaks 

in total abundance in autumn consisted predominantly of 0-group two-spotted goby, and inter-

annual variable abundance of 0-groups of painted goby, sand goby, three-spined stickleback 

and shrimps. As for longer-lived longer-lived summer-spawners, there was relatively poor 

recruitment in short-lived species in 1998 (Figure 22c).  

Relative abundances of short-lived species displayed some similarities between the two 

periods regarding which species dominated the community during the season. In spring and 

early summer, transparent goby was the most abundant species. In July, shrimp, three-spined 

stickleback, sand goby and longer-lived species became relatively more abundant. In autumn, 

two-spotted goby dominated the community (Figure 22h and j).  
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Figure 22: Total abundance (left) and relative abundance (right) of short-lived species: Figure information on next page 41. 

a) b) 

c) d) 

i) 

e) f) 

g) 
h) 

j) 
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Figure 22: Total abundance (left) and relative abundance (right) of short-lived species, during the sampling season, for all 

five years (1997=a,b, 1998=c,d, 1999=e,f, 2016=g,h, 2017=i,j). Each period shows the mean of all samples in that period. 

Species included: transparent goby (Aphia minuta), two-spotted goby (Gobiusculus flavescens), painted goby 

(Pomatoschistus pictus), sand goby (Pomatoschistus minutus), crystal goby (Crystallogobius linearis), three-spined 

stickleback (Gasterosteus aculeatus) and shrimp (Palaemon adspersus+ Palaemon elegans+Crangon crangon). The longer-

lived species are included as the black group at the bottom.  

During the first half of the year, total abundance (Figure 22) were quite similar between the 

two periods, with peak abundance in June around 5000 individuals per haul. However, the 

autumn peak had practically disappeared in the last period. This is also reflected in a 

substantial change in relative abundance, from total dominance of short-lived species 

throughout the sampling season during the first period, to longer-lived species contributing 

substantially during the second period (Figure 22b and d).  

3.4.4.   Description of individual short-lived species. 

For transparent-, two-spotted-, painted-, and sand goby, both the peak abundance of the parent 

generation and the peak-abundance of recruitment of 0-group (method explained in chapter 2, 

and example given in introduction to longer-lived species), were subjected to testing with 

ANOVA and Tukey’s post hoc comparisons between years. Three-spined stickleback and 

shrimp were only tested for peak abundances, while the observed abundances of crystal goby 

were assumed not being representative of the species true abundance as it is predominantly a 

pelagic species, and therefore not being subjected to further testing. 

Family: Gobiidae 

Seven species of the Gobiidae family were found in the study. Black goby is longer-lived and 

presented in part 3.4.2. Common goby (Pomatoschistus microps K.) only occurred 

sporadically and is not described further. Crystal goby had very low abundance, and mean 

length is not presented. Transparent goby, two-spotted goby, sand goby and painted goby are 

all described further. 

• Transparent goby (Aphia minuta R.) 

Abundance of transparent goby increased from May in all years (Figure 23a), with variable 

peak abundance in June. Abundance peak was between 2000 and 5000 individuals per haul, 

but no distinct difference between periods. These peaks represent the parent-generation, with 

a size of 3.5-4.5 cm (Figure 23b). 
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Figure 23: Abundance (a) and length (b) of transparent goby (Aphia minuta) presented as LOESS smoothing curves for each 

year (length with CI at 95%). 

Table 10: Mean abundance of transparent goby (Aphia minuta), per year for analysed periods; for parent peak and peak 0-

group, and number of observations the means are based on. 

Transparent goby Mean number of individuals per haul No. of 

obs.: 

Group: 1997 1998 1999 2016 2017 

Parent peak: 1818 3471 2342 1612 2390 84 

Peak 0-group: 3554 71 1134 9 8 84 

 

Peak abundance of parent generation (Table 10) was tested with ANOVA, resulting in 

p=0.0162. Tukey’s test showed significant differences between 1998 and 1999 (p=0.012), and 

1999 and 2017 (p=0.049). After the peak, abundance dropped rapidly, with few individuals 

being caught between July and September. In 1997 and 1999, abundance increased in 

September and October, in parallel with a decrease in mean length, indicating a new 

generation. Despite no marked increase in abundance during autumn of 1998, 2016 and 2017, 

it cannot be concluded that recruitment was poor. Transparent goby is pelagic during this time 

of the year and only obtain a demersal lifestyle during spawning in summer (Iglesias and 

Morales-Nin, 2001). This sampling problem is evident from low catches in 1998 and 2016, 

followed by relatively high abundances the following year. Because of this, 0-group 

abundance was not subjected to further statistical hypothesis testing 

• Two-spotted goby (Gobiusculus flavescens F.) 

Adult two-spotted gobies were present from the first sampling date in May (Figure 24a), at a 

size of 3.5-4.5 cm (Figure 24b), with decreasing abundance in July (from 275-665 in May-

June, to 75-145 individuals/haul in July (except for one station with ~3000 individuals in 

1999)). A new generation started to appear in July-August, and during the first period, peak 

a) b) 
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abundance occurred during August-September with substantial variation between years, 

coinciding with a decrease in mean length.  

  

Figure 24: Abundance (a) and length (b) of two-spotted goby (Gobiusculus flavescens), presented as LOESS smoothing 

curves for each year (length with CI at 95%). 

During the second period, increase in abundance was low in September-October, and peak 

abundance of the new generation two-spotted goby was substantially reduced from the first 

period.  

Table 11: Mean abundance of two-spotted goby (Gobiusculus flavescens), per year for analysed periods; for parent peak and 

peak 0-group, and number of observations the means are based on. 

Two-spotted goby Mean number of individuals per haul No. of 

obs.: 

Group: 1997 1998 1999 2016 2017 

Parent peak: 392 365 354 689 801 83 

Peak 0-group: 23567 7727 36837 1498 1652 83 

 

Peak abundance of 0-group was tested with ANOVA, resulting in p<<0.001. Tukey’s test 

showed significant differences between both years of the second period, and all years of the 

first at p<0.001. There were also significant differences within the first period, between 1997 

and 1998 (p=0.019) and between 1998 and 1999 (p<0.001). Mean number of individuals 

during peak periods of both parent group and 0-group are given in Table 11, showing the 

pronounced reduction in abundance of 0-group from the first to the second period. 

In contrast, there was an apparent increase in the abundance of the parent generation from the 

first to the second period. 

Peak abundance of the parent generation during spring was tested with ANOVA, resulting in 

p=0.010. Tukey’s test resulted in significant differences between 1997 and 2016 (p=0.039) 

and between 1997 and 2017 (p=0.009), while all other comparisons returned non-significant 

a) b) 



 

44 

 

values. The figure of mean length displays a similar relationship in proportions of 1-group 

and 0-group individuals between years and periods, despite the large decrease in abundance 

between the two periods.  

Abundance of 0-group two-spotted goby was even lower in 2018 (~300 per haul) when 

compared to 2016 and 2017 (Tore Johannessen, pers. com.). 

• Painted goby (Pomatoschistus pictus M.) 

Adult painted gobies were present from the first sampling date in May (Figure 25a), with a 

length of 3-4 cm (Figure 25b).  

  

Figure 25: Abundance (a) and length (b) of painted goby (Pomatoschistus pictus) presented as LOESS smoothing curves for 

each year (length with CI at 95%). 

During the first period, numbers decreased from 85-260 in May-June to 18-40 

individuals/haul in July, when the new generation reached a catchable size and started 

appearing in the hauls. Peak abundance developed in August-September, in parallel with a 

decrease in length, which was consistent with the new generation. In the second period, this 

decrease in mean length was not observed, indicating a lower proportion of 0-group 

individuals reaching a catchable size, compared to the first period.  

Table 12: Mean abundance of painted goby (Pomatoschistus pictus), per year for analysed periods; for parent peak and, 

peak 0-group, and number of observations the means are based on. 

Painted goby Mean number of individuals per haul No. of 

obs.: 

Group: 1997 1998 1999 2016 2017 

Parent peak: 110 107 156 315 205 83 

Peak 0-group: 278 962 1946 6 43 83 

 

a) b) 
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Peak abundance of the new generation substantially decreased from the first to the second 

period (Table 12), with 2016 having a stable, very low abundance, and 2017 only a marginal 

increase in numbers during September.Peak abundance of the 0-group was analysed with 

ANOVA, resulting in p<<0.001. Tukey’s test showed that 2016 and 2017 were significantly 

different from all the three years in the first period, but there were also significant differences 

within the first period, between 1997 and 1998 (p=0.002), and between 1997 and 1999 

(p<0.001). After the peak, numbers declined until October. 

Abundance of spawning adults during May-June was tested with ANOVA, resulting in 

p=0.054. However, means of the analysed parent generation was moderately higher in the 

second period compared to the first (Table 12). Hence, despite a minimal peak abundance of 

0-group in 2016, a sufficient parent generation was successfully produced, as apparent in May 

2017, comparable in numbers to the first period. 

• Sand goby (Pomatoschistus minutus P.) 

Abundance of sand goby was low in May and June (Figure 26a), with a length of 4-6 cm 

(Figure 26b).  

  

Figure 26: Abundance (a) and length (b) of sand goby (Pomatoschistus minutus), presented as LOESS smoothing curves for 

each year (length with CI at 95%). 

Numbers started increasing in July and reached a peak in July-August. This was seen in 

parallel with a decrease in mean length, representing the appearance of the 0-group. This peak 

period was tested with ANOVA, resulting in a non-significant value of p=0.252. 

Nevertheless, the means of the 0-group peak period were markedly higher during all three 

years of the first period, compared to the second (Table 13). After the peak of 0-group, 

abundance decreased all through the season, resulting in low abundance in October. 

a) b) 
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Table 13: Mean abundance of sand goby (Pomatoschistus minutus), per year for analysed periods; for parent peak and peak 

0-group, and number of observations the means are based on. 

Sand goby Mean number of individuals per haul No. of 

obs.: 

Group: 1997 1998 1999 2016 2017 

Parent peak: 69 36 32 78 67 83 

Peak 0-group: 311 461 605 127 59 84 

 

During May-June, the parent generation was comparable between periods (Table 13), with 

both years of the second period having similar abundances to the highest abundance of the 

first period (1997). This period was analysed with ANOVA, resulting in non-significant 

differences of p=0.297. 

As observed among other gobies; the peak abundance consisting of 0-group decreased from 

the first to the second period, in contrast to the parent generation, that was at a similar level or 

higher in the second period.  

• Crystal goby (Crystallogobius linearis D.), 

Crystal goby is a pelagic species, only appearing in shallow waters to spawn.  

 

Figure 27: Abundance of crystal goby (Crystallogobius linearis) presented as LOESS smoothing curves for all years. 

Abundance of crystal goby decreased from the first sampling-date (Figure 27), indicating that 

appearance and abundance peak occurred prior to this date. Crystal goby were caught in 

samples during autumn in 1997 and 1999, in comparison to 1998 and both years of the second 

period, when the autumn increase were entirely absent. Crystal goby has comparable biology 

to transparent goby, and the observed autumn abundance is thus highly uncertain. 
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Family: Gasterosteidae 

There were two species of the Gasterosteidae family represented in the study; three-spined 

stickleback, and fifteen-spined stickleback (Spinachia spinachia L.).  

• Three-spined stickleback (Gasterosteus aculeatus L.) 

Abundance pattern of three-spined stickleback resembled that of gobies. Numbers were low 

during May and June (Figure 28a), with a length of 5-6 cm (Figure 28b), consisting of the 

parent generation. During July, abundance increased, in parallel with a decline in length, thus 

representing the appearance of a new generation. Length distribution was similar between 

years, indicating that the relative abundance between adult individuals and 0-group were 

comparable between periods. Mean length showed similar patterns of decreased length in July 

in all years, indicating a similar proportion of 0-group and 1-group individuals getting caught, 

despite reduced abundances between periods. 

  

Figure 28: Abundance (a) and length (b) of three-spined stickleback (Gasterosteus aculeatus) presented as LOESS smoothing 

curves for all years (length with CI at 95%).  

Peak abundance varied between years, and fluctuating in 1998 and 1999. The highest 

abundance occurred in August 1997, in parallel with the largest decrease in length. During the 

second period, abundance increased slowly, and juveniles started appearing at the same time 

as during the first.  

Table 14: Mean abundance of three-spined stickleback (Gasterosteus aculeatus), per year for analysed periods; parent peak 

and peak 0-group, and number of observations the means are based on. 

Three-spined stickleback Mean number of individuals per haul No. of 

obs.: 

Period 1997 1998 1999 2016 2017 

Parent peak: 6 25 15 48 23 83 

Peak 0-group: 1620 612 507 246 101 84 

 

a) b) 
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However, peak abundance did not occur until September, at lower levels compared to the first 

period (Table 14). 

Peak abundance of 0-group was analysed with ANOVA, resulting in p=0.0158. Tukey’s test 

showed significant differences between 1997 and 1999 (p=0.035), 1997 and 2016 (p=0.0413) 

and between 1997and 2017 (p=0.024). Means of the peak-period (Table 14) is coherent with 

the result of the ANOVA, with 1997 having the highest abundance, and both years of the 

second period having markedly lower abundances. Peaks of parent-generation during May-

June were not significantly different (p=0.678), possibly due to most of the hauls resulting in 

0, with high catches at one or two stations. 

• Fifteen-spined stickleback (Spinachia spinachia L.): 

Abundance of fifteen-spined stickleback was low in May all years and increased from the end 

of June (Figure 29a). Abundance peaked in July-August, with variations between years. 

Abundance peaks in parallel time to a decrease in length (Figure 29b), indicating presence of 

juvenile individuals. In the second period, the increase in abundance started later than in 

1997/1999, similar to 1998. 

  

Figure 29: Abundance (a) and length (b) of fifteen-spined stickleback (Spinachia spinachia), presented as LOESS smoothing 

curves for all years (length with CI at 95%).  

In 1997 and 1999, abundance decreased and reached a stable level in September, in contrast to 

1998 and 2016, when abundance was stable at peak level through to October. Abundance 

seemed to vary more between years than between periods, but peak abundance was skewed 

towards autumn in the second period. 

 

 

a) b) 
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Invertebrate species 

• Shrimp (Palaemon adspersus R., Palaemon elegans R. and Crangon crangon L.), 

Abundance of shrimp was low from May through July (Figure 30), increased from August, 

and reached peak abundance in September-October.  

 

Figure 30: Abundance of shrimp (Palaemon adspersus, Palaemon elegans, Crangon crangon), presented as LOESS smoothing 

curves for all years. 

Shrimp abundance varied substantially between years, as observed in mean numbers of the 

abundance peak (Table 15).  

Table 15: Mean abundance of shrimp (Palaemon adspersus, Palaemon elegans, Crangon crangon), of peak abundance period, 

and number of observations the means are based on. 

Shrimp Mean number of individuals per haul No. of 

obs.: 

Group: 1997 1998 1999 2016 2017 

Peak abundance: 6522 332 1217 519 168 83 

 

Peak abundance was tested with ANOVA, resulting in p=0.002. Tukey’s test resulted in 

significant differences between 1997 and 1998 (p=0.037), 1997 and 2016 (p=0.004) and 

between 1997 and 2017 (p=0.002). 

Abundance of shrimp was highly variable between years, and the peak-values were slightly 

lower in the second period. However, there was no obvious pattern of changed abundance 

between the two periods. 
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• Jellyfishes: moon jellyfish (Aurelia aurita L.), lion’s mane jellyfish (Cyanea 

capillata L.) and blue jellyfish (Cyanea lamarckii P. & L.) 

Jellyfish had variable presence, with moon jellyfish (Aurelia aurita L.) having higher 

abundance during the first period, markedly during the first part of 1999, and in July 1998 

(Figure 31b), while lion’s mane jellyfish (Cyanea capillata L.) and blue jellyfish (Cyanea 

lamarckii P. & L.) had slightly higher abundance during the second period (Figure 31c and d). 

  

  

Figure 31: Abundance of (a) Total number of all jellyfish, b) moon jellyfish (Aurelia aurita), c) lion’s mane jellyfish (Cyanea 

capillata) and d) blue jellyfish (Cyanea lamarckii), presented as LOESS smoothing curves. 

3.5. Relationship between adult stock and offspring in 

short-lived species 

The relationship analysis between adult stocks and production of offspring showed a clear 

difference between periods (Figure 32). During the first period, relationships were variable 

between years. In 1997, while adult stocks were low in painted goby and high in sand goby, 

they both produced relatively small stocks of offspring. Two-spotted goby and three-spined 

stickleback had low adult stocks but produced a medium and a large stock of offspring, 

respectively. In 1998, all gobies had low adult stocks, and painted goby and sand goby 

produced a medium stock of offspring, while two-spotted goby had the lowest stock of 

offspring of all years in the first period. Three-spined stickleback had a high adult stock but 

produced little offspring this year. In 1999, all short-lived species had relatively small adult 

a)  b) 

c) d) 
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stocks, but while all three species of gobies produced large stocks of offspring, three-spined 

stickleback produced a relatively small stock. Species of the Gobiidae family showed similar 

patterns within years compared to the three-spined stickleback 

 

Figure 32: Relationship between standardized peak-abundances of adult stock and offspring for four short-lived species: 

painted goby (Pomatoschistus pictus), sand goby (Pomatoschistus minutus), three-spined stickleback (Gasterosteus aculeatus) 

and two-spotted goby (Gobiusculus flavescens) 

During the second period, adult stocks were generally larger in all species compared to the 

first period. All stocks of offspring produced in the second period were smaller than any of 

the first period. This is consistent with the patterns seen in abundance-figures of the short-

lived species (Figure 24, Figure 25, Figure 26, Figure 28). 
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4.  DISCUSSION 

Understanding the dynamics of the shallow water fish community is challenging, but 

important in both a management perspective, and to understand how different trophic groups 

respond to change at lower trophic levels (Kirby and Beaugrand, 2009). Numerous studies 

have been exploring trophic interactions and temporal patterns in abundance and diversity in 

fish communities on the Skagerrak coast of southern Norway (Hop et al., 1992; Johannessen 

and Sollie, 1994; Fjøsne and Gjøsæter, 1996; Lekve et al., 1999; Danielssen et al., 2001; 

Gjøsæter and Danielssen, 2004). There is, however, less knowledge and only a few studies 

targeting small, short-lived fishes and their abundances (Johannessen, 2010; 2014). The 

present study comprises all fishes and some invertebrates inhabiting shallow water, including 

small short-lived species. Focus of the discussion is general patterns in abundances, with 

emphasis on short-lived species and juvenile cod. 

4.1. Method 

The investigations were carried out using beach seine sampling. This method has been widely 

used and is considered to be an adequate sampling tool for obtaining abundance indices of 

fish inhabiting shallow water (Tveite, 1971; 1992; Johannessen, 2014). Nevertheless, like any 

methodology, there are possible weaknesses. Surface temperatures may affect the depth 

distribution of species, e.g. low temperatures in spring and autumn may affect the presence of 

wrasses in shallow water, and high temperatures in summer may cause gadoids to seek to 

deeper water. Frequent sampling over longer periods will probably reduce the impact of 

shorter temporal fluctuations. 

Sampling with short intervals could in itself pose a problem, as it has the potential to 

influence fish abundances in the sampled areas, especially for stationary species such as 

wrasses (IMR, 2017a). However, longer-lived species were released back into the habitat 

alive. Furthermore, Johannessen (2014) studied the impact of removing and releasing fish at 

various sites and found no difference between the two procedures. Also, if abundances were 

influenced, impact should be similar between years. I therefore conclude that comparison of 

fish abundances between years is justified. 
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4.2. Fish community 

In this analysis, there were indications of change in timing of biological processes in the last 

period. Certain species of fish in the shallow water habitat seemed to be present at an earlier 

time compared to the first period. Some of the longer-lived species, like goldsinny wrasse and 

black goby, had higher abundance in May-June in the second period (Figure 12, Figure 13). 

Additionally, pollack and whiting had earlier settlement of 0-group (Figure 9, Figure 10). 

These changes influenced the species richness of the fish community between periods, which 

was significantly higher in May and early June in the second period (Figure 4). These 

observed changes were most likely not a direct response to temperature, as temperature during 

the second period was quite similar to that in 1997 and 1999 (Figure 3). 

From July onwards, there were only minor differences in species richness between the two 

periods, except for 1998 when species richness was relatively low throughout the sampling 

season. This was mainly a result of poor recruitment in summer spawners, as demonstrated by 

the total failure in recruitment of corkwing wrasse (Figure 18). So, except for some timing 

issues in May-June and special conditions in 1998, species richness did not seem to have 

changed noticeably from the first to the second period. The Pielou’s evenness index showed 

similar seasonal patterns between the two periods (Figure 5), except for higher evenness in 

the last period during late summer. This pattern was due to substantially reduced abundances 

of short-lived species, particularly evident in two-spotted goby (Figure 24). 

4.2.1.   Longer-lived species 

Abundance of non-gadoid longer-lived species was quite similar between the two periods. 

This agrees with the Flødevigen time series after 2002 (Tore Johannessen, pers. com.). In 

1998, the abundances of longer-lived species were particularly low in the second half of the 

year as a result of generally poor recruitment in summer spawners. This was seen in parallel 

with relatively low summer temperature (Figure 3). Low abundances of summer spawners 

were observed in the 1960s in these waters during a period of extraordinary low summer 

temperatures. Johannessen and Sollie (1994) proposed that temperature during the spawning 

season is limiting the distributional range in these species towards north. Summer 

temperatures in all other years of this study were above average, and therefore probably not a 

limiting factor for recruitment in the summer spawners. In agreement with this, longer-lived 
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summer spawners had variable, but substantially higher recruitment in 1997, 1999, 2016 and 

2017 compared to 1998, e.g. corkwing wrasse (Figure 18) and goldsinny wrasse (Figure 15). 

The only exception was broadnosed pipefish which had about the same low recruitment in 

2016 and 2017 as in 1998 (Figure 19). For other longer-lived summer spawners, there was no 

evidence of different recruitment between the two periods.  

Low recruitment in longer-lived species in 1998 had substantial impact on spring abundances 

the following year. This indicated a generally short life span in the affected species. 

Abundances did not increase until September in 1999, when substantial 0-group cohorts of all 

species of wrasses and broadnosed pipefish appeared. 

For the gadoids, the results in this study only reflected variability in the abundance of 0-

groups between settlement and autumn. This variability was high, both between species, 

years, and periods. There were indications of earlier settlement in the second period, and both 

whiting and pollack started settling earlier in 2016 and 2017. In 2017, all gadoids settled early 

and all (except for whiting) were in addition exceptionally abundant at peak settlement. This 

could indicate high availability of suitable prey in the system during the pelagic life stages of 

gadoids, and survival of early cohorts (Johannessen, 2010). The diet of 0-group pollack and 

poor cod from 2017 was analysed by Aspelund (2018). The diet from June until August 

consisted of mainly pelagic prey, predominantly different sizes of copepods. This is in 

agreement with previous findings of diet in 0-group cod during summer in a year when a 

strong year-class was produced (Krakstad, 1999). Despite the exceptionally high abundances 

of 0-group gadoids in 2017, it cannot be concluded that the recruitment of gadoids has 

improved. In 2016, 0-group abundances in the autumn were generally low, and in 2018 

abundances were the lowest ever recorded along the Norwegian Skagerrak coast (Tore 

Johannessen, pers. com.). In general, the recruitment of gadoids along the Norwegian 

Skagerrak coast has been low after 2002, and there has been no evidence of improvement in 

recent years (Johannessen, 2014).  

4.2.2.   Short-lived species 

During the first part of the sampling season, the abundance of short-lived species was quite 

similar between the two periods (Figure 22). However, during the second part of the season, 

the short-lived species showed a substantial decrease from the first to the second period. 

While short-lived species totally dominated the fish community in terms of abundance during 
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the first period, the difference between short-lived and longer-lived species was reduced in the 

second period (Figure 22, relative abundances). This pattern continued in 2018 (Tore 

Johannessen, pers. com.) 

During the second period, tiny 0-group gobies were observed already in June as they were 

herded in front of the seine moving towards shore, but they were too small to be retained by 

the 10 mm meshes. This was also observed during the first period (Tore Johannessen, pers. 

com.). Compared to the first period, relatively few gobies reached a catchable size. During the 

first period, these species became highly abundant and reached a peak in late summer. In 

contrast, a slow and gradual increase in catches of two-spotted goby and painted goby was 

observed in September and October during the second period. Three-spined stickleback 

showed a similar pattern, whereas sand goby differed slightly from the others in 2016 by 

having the highest abundance in July (Figure 26). Despite the extraordinary low abundance of 

these small, short-lived species in the autumn of the second period, the abundance of adults 

was as high or higher in spring. This could indicate a shift in timing of recruitment from 

summer to later in the autumn.  

As the abundance of adults was found to be similar or higher during the second period, the 

size of spawning population was not considered to be a contributing factor to the decrease in 

peak abundances of the new generation. Furthermore, the observed larvae/juvenile gobies 

slipping through the meshes of the seine, indicated successful spawning and larvae stage. 

Thus, there seemed to be a bottle-neck in the recruitment of short-lived species during early 

stages of the life cycle, delaying and reducing growth and survival into adult size. This bottle-

neck could have been caused by increased predation, and potential predators are larger gobies 

and other longer-lived species, including 0-group gadoids. However, as these groups have 

similar abundances between periods, this explanation is considered unlikely. 

During early life stages, gobies have been found to mainly feed on small copepods (Villiers, 

1980; Collins, 1981; Evans, 1983; Doornbos and Twisk, 1987; Gee, 1989; Jackson, 2004; 

Schückel et al., 2013). Two-spotted goby is a semi-pelagic species found to only attack 

potential food items that are in the water column (Costello et al., 1990; Costello, 1992). It is 

found to largely prey on calanoid copepods, and specifically the free swimming, small-sized 

Para-/Pseudocalanus spp. during early stages (Costello et al., 1990; Martinussen, 1991). A 

limited diet during early life stages may render short-lived species sensitive to fluctuations in 

copepod zooplankton abundances and thus to large-scaled shifts in prey. Interestingly, in 
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relation to the regime shift in 2002, marked reductions in the abundance of small copepods 

were observed, particularly in Para-/Pseudocalanus spp. (Johannessen et al., 2012; 

Johannessen, 2014). The most substantial reduction was in August-September (Falkenhaug 

and Omli, 2010), which was about the same time as the abundance peak of juvenile gobies 

during the first period (Figure 24, Figure 25). If the level of peak abundance of juvenile 

gobies during the first period were dependent on availability of suitable prey in the system, 

there is high probability of the reduction between periods being impacted, or even driven, by 

the change in zooplankton and reduced abundance of small copepods. Low food availability 

seems therefore to be the most likely cause of low abundances in the short-lived species.  

Several studies have reported gobies to go through ontogenetic shifts in diet at lengths 

between 20-30 mm (Jackson, 2004; D'Aguillo et al., 2014,), and Jackson and Rundle (2008) 

found size of the fish to be more important than availability of prey in determining diet before 

the shift. Larger gobies shifted to a more diverse diet including amphipods, polychaetes, 

gammarids, ostracods, various larvae and invertebrate eggs (Villiers, 1980; Costello et al., 

1990; Martinussen, 1991; Jackson, 2004; D'Aguillo et al., 2014). Diet in adult gobies is thus 

not expected to be a limiting factor. Furthermore, as survival through the winter for adult 

gobies increased between periods, prey abundances for this group were considered sufficient. 

The very low peak abundances of short-lived gobies in the autumn, seen along with equally 

large or larger adult stocks (Figure 32), suggest higher survival rates during winter in the 

second period. This could indicate reduced predation pressure. Predation has been suggested 

to be the main cause of mortality in gobies during winter, and the main predators have been 

shown to be cod, pollack, saithe and poor cod (Fosså, 1991). The abundance of both 0-group 

and older gadoids have been very low after the regime shift in 2002 (Johannessen et al., 2012; 

Johannessen, 2014). 

4.3. Factors influencing cod 

4.3.1.   0-group cod 

In this study (both periods), there was low correlation between number of settled cod during 

peak abundance in May-June and abundance in September. Johannessen (2014) suggested 

that there is always enough cod settling to give rise to strong year-classes in September, and 
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that variable survival through summer is related to quality of available food. The relatively 

low abundance of 0-group cod in the autumn after 2002 has been linked to reduced food 

availability from the shift in the plankton community (Johannessen 2014).  The results in 

2016 and 2017 corroborates these ideas, as the exceptionally high settlement in 2017 (Figure 

7) only produced a medium strength year-class. In comparison, 1998 had only 1/3 of peak 

abundance in 2017, but produced a strong year-class in September. In the autumn, the 

abundance of 0-group cod observed in this study was in agreement with the year class 

strengths observed for the coast between Søgne and Kragerø in the Flødevigen time series 

(Figur 1, Table 3) in both periods. Therefore, the results in this study are considered relevant 

for a larger area of the Norwegian Skagerrak coast. 

Several factors could impact the abundance of cod. The loss of correlation between 0-group 

and I-group cod could be caused by a change in behavioural patterns in the I-group, as a 

response to temperature influencing habitat selection (Freitas et al., 2015; 2016). However, 

the temperatures seen in September after 2000 have been within optimal range for cod in 

these waters (Johannessen, 2014), suggesting low probability of temperature avoidance as an 

impacting mechanism. A behavioural response could also be induced by a lack of prey for the 

I-group in the sampled areas, however, the abundances of potential prey like black goby and 

wrasses are high, which should attract the older cod to feed in the shallow water. 

4.3.2.   Predation  

The growing populations of great cormorant (Phalacrocorax carbo sinensis S.) and harbour 

seal (Phoca vitulina L.) has been suggested as an explanation for the population decline in 

cod. Both great cormorant and harbour seal have been found to be opportunistic predators, 

with a preference for gadoid prey (Olsen and Bjørge, 1992; Lorentsen et al., 2004; Sørensen, 

2012; Sørlie, 2017), and with highly variable diet between habitats and areas (Härkönen, 

1988). However, the great cormorant did not establish a population in Aust-Agder until 2003 

(Kjøstvedt and Steel, 2008), which was after the correlation between 0-group and I-group cod 

broke down. As a generalist species, if the great cormorant had such a high impact on the 

local fish community to cause the loss of correlation between 0-group and I-group cod, this 

should probably also cause reduced abundances of other mesopredatory species such as 

wrasses and black goby. As for wrasses, there has simultaneously been a growing commercial 

fishery for live fish between the two periods (IMR, 2017b), adding pressure on the 
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populations. Nevertheless, these species appear now to be at least as abundant as during the 

first period. This suggests a lower predation pressure in the system. It is not an unreasonable 

assumption as the most important fish predators along the Norwegian Skagerrak coast are 

larger gadoids, and these populations are substantially reduced (Johannessen, 2014). 

Even though the harbour seal was found both locally (Sørlie, 2017) and in other areas 

(Härkönen, 1987; Olsen and Bjørge, 1992) to have a preference for gadoid prey, the main 

species that was found in the local seal diet was Trisopterus spp., whiting, haddock, pollack 

and saithe. In addition, flatfishes (family Pleuronectidae) were an important prey group, and 

herring was important during winter (Sørlie, 2017). In contrast, in a situation with higher cod-

abundances (Härkönen, 1987), cod was found to be the most important prey for harbour seal, 

especially during autumn. This suggests that the harbour seal would probably prey on cod if 

available in the system. The lowest length of cod observed in harbour seal diet was 23.3 cm 

(Sørlie, 2017), corresponding to I-group in second half of the year (Johannessen 2014). The 

average size of 0-group cod is 10-12 cm in late autumn (Figure 7b) and therefore probably not 

adequate prey for harbour seal. On the other hand, harbour seal feeds from the surface and 

down to a depth of 200 m (Gjertz et al., 2001), and the low proportion of cod observed in the 

diet of harbour seal in this area (Sørlie 2017) suggests low abundance of larger cod over a 

wider depth range, thus corroborating the result from sampling in shallow waters using beach 

seine (Johannessen 2014).  

4.3.3.   Food availability 

During the juvenile life stage of cod, there is an ontogenetic shift in the diet from small 

invertebrates to fish (Svåsand et al., 2000). In addition, a limited optimal diet has been 

observed in juvenile cod, preferring prey that are more rapidly digested (such as small-sized 

fish) (Knutsen and Salvanes, 1999). In agreement with this, in coastal areas a preference for 

fish prey has been observed in 0-group cod during autumn (Fosså, 1991; Hop et al., 1993; 

Fjøsne and Gjøsæter, 1996; Berthinussen, 1999; Krakstad, 1999), with a diet largely based on 

two-spotted goby until December (Fosså, 1991).  

Abundances of relevant prey species for 0-group cod were pooled in Figure 33 (consisting of 

sand goby, painted goby, two-spotted goby, crystal goby, transparent goby, brown shrimp, 

Baltic prawn and rock shrimp). However, the abundance pattern was mainly driven by 
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abundance of two-spotted goby (Figure 24). The other species had little influence on 

abundance-patterns, except for a high abundance of shrimp during 1997 (Figure 30). 

 

Figure 33: The figure show pooled abundances in all years of typical prey species for cod (Gadus morhua), consisting of 

sand goby (Pomatoschistus minutus), painted goby (Pomatoschistus pictus), two-spotted goby (Gobiusculus flavescens), 

crystal goby (Crystallogobius linearis), transparent goby (Aphia minuta), brown shrimp (Crangon crangon), Baltic prawn 

(Palaemon adspersus) and rock shrimp (Palaemon elegans). 

As apparent in Figure 33, suitable prey for the 0-group of cod were highly abundant both in 

1997 and 1999, while 1998 had low abundance compared to the other years of the first period. 

Even so, 1998 had higher abundance than both years of the second period. 

  

Figure 34: Abundance of cod (Gadus morhua), 0-group (a) and older (b) (mainly I-group), during September each year from 

1960-2018, (data from the Flødevigen-series; of stations located between Søgne and Kragerø), with a superimposed LOESS 

smoothing. Arrows mark the studied years, with 0-group, and 1-group the following year (year-class in black=1997, 

green=1998, yellow=1999, blue=2016 and red=2017). 

A comparison between the abundance of available prey (Figure 33) and the abundance in 0-

group and older cod (Figure 34), indicates a relationship between the two. Year-class strength 

of 0-group in both 1997 and 1999 was weak in September, but typical prey species had high 

abundances in both years and resulted in above-mean catches of older cod. In 1998, the year-

class of 0-group was stronger, but prey abundances were <30% of the other years in the first 

period and resulted in below-mean catches of older cod. During the second period, both years 

had very low abundances of typical prey, which coincided with very low catches of older cod. 

a) b) 
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In summary, the results suggest that substantial reduction in adequate prey for 0-group cod 

could be the cause of low survival during autumn and winter by inflicting a bottle-neck in the 

recruitment. Low food availability may result in starvation mortality. In addition, at low prey 

concentrations cod will have to spend more time searching for food and thus become more 

visible for predators, with the risk of increased mortality due to predation (Johannessen, 

2014).  

4.4. Possible implications 

The observed changes in the fish community could be caused by bottom-up processes, as a 

shift in the phytoplankton community (the main food production for copepods) driven by 

environmental factors (Sundby, 2000; OSPAR, 2010). These could be amplified through the 

food web (Beaugrand and Kirby, 2010; Kirby and Beaugrand, 2009) by effects on synchrony 

and match/mismatch between successive trophic levels (Edwards and Richardson, 2004). The 

change in abundance, as seen in the short-lived species and the gadoids in this study, could 

thus be an indirect response to a larger scaled increase in sea-temperature (OSPAR, 2010), 

and if so, with little prospect for reversal of the development. If energy-efficient zooplankton 

prey of suitable size is not available in the system at quantities supporting growth, prospects 

for recovery to previous levels of survival and abundance would be low for the gobies, and 

subsequently possibly the population of cod. This should be considered in a management 

perspective. 
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5.  CONCLUSION 

In this study, a substantial decrease in autumn abundances of short-lived species was found 

between the two periods. Null hypothesis 1, of no changes in the fish community before and 

after the regime shift in 2002, is therefore rejected. 

Evidence suggests that a change in the zooplankton community in Skagerrak after 2002, with 

a substantial decrease in Para-/Pseudocalanus spp. and other small-sized copepods, may have 

deprived the juvenile gobies of adequate prey and thus prevented growth into adult 

individuals. These small gobies have been identified as the main prey of 0-group cod during 

autumn and the first winter. Therefore, a lack of food resulting in low survival seems to be the 

most likely explanation for low abundances of older cod along the Norwegian Skagerrak 

coast after the regime shift in 2002. Null hypothesis 2, of no changes in the fish community 

with possible implications for the survival of juvenile cod from 0-group to I-group, is 

therefore rejected.  

Additional studies are needed to answer whether decreased abundances of 0-group gobies 

could be caused by a shift in zooplankton composition. A dietary analysis of juvenile gobies 

in June-August, along with zooplankton sampling, could possibly provide a conclusive 

answer to this hypothesis. Furthermore, studies of the diet and the condition of 0-group cod 

during autumn and winter may provide evidence of whether the mortality is actually affected 

by the low prey availability after the regime shift in 2002.   
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Appendix A: ANOVA and Tukey results 

ANOVA results of longer-lived species, all ln-transformed data: 

Atlantic cod; 0-gr., spring-peak: 84 obs. 

> aov.Torsk0grLNtrans=aov(Torsk0grLNtrans~Year) #runs the ANOVA test. 
> summary(aov.Torsk0grLNtrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Year         4  42.95   10.74   7.896 2.09e-05 *** 
Residuals   79 107.44    1.36                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.Torsk0grLNtrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = Torsk0grLNtrans ~ Year) 
 
$Year 
                diff         lwr         upr     p adj 
1998-1997  0.6224152 -0.56640888  1.81123937 0.5901412 
1999-1997  0.9316659 -0.20654652  2.06987837 0.1605942 
2016-1997 -0.2457577 -1.38397018  0.89245472 0.9742605 
2017-1997  1.7243295  0.58611707  2.86254196 0.0005855 
1999-1998  0.3092507 -0.82896176  1.44746313 0.9415795 
2016-1998 -0.8681730 -2.00638542  0.27003947 0.2180909 
2017-1998  1.1019143 -0.03629817  2.24012672 0.0624861 
2016-1999 -1.1774237 -2.26266664 -0.09218067 0.0266846 
2017-1999  0.7926636 -0.29257939  1.87790658 0.2572798 
2017-2016  1.9700872  0.88484426  3.05533023 0.0000251 

 

Atlantic cod; 0gr., autumn-abundance, 104 obs. 

> aov.Torsk0grLNtrans=aov(Torsk0grLNtrans~Year) #runs the ANOVA test. 
> summary(aov.Torsk0grLNtrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Year         4  24.48   6.120    6.81 6.95e-05 *** 
Residuals   99  88.96   0.899                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.Torsk0grLNtrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = Torsk0grLNtrans ~ Year) 
 
$Year 
                  diff        lwr        upr     p adj 
1998-1997  1.367313106  0.5343379  2.2002883 0.0001402 
1999-1997  0.113981884 -0.6160561  0.8440199 0.9925212 
2016-1997 -0.002758215 -0.7880947  0.7825783 1.0000000 
2017-1997  0.664219554 -0.1211170  1.4495561 0.1380813 
1999-1998 -1.253331222 -2.1275383 -0.3791242 0.0012021 
2016-1998 -1.370071321 -2.2909600 -0.4491826 0.0007006 
2017-1998 -0.703093552 -1.6239823  0.2177952 0.2192601 
2016-1999 -0.116740099 -0.9456815  0.7122013 0.9949656 
2017-1999  0.550237670 -0.2787037  1.3791790 0.3543216 
2017-2016  0.666977769 -0.2110552  1.5450107 0.2237541 
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Saithe; 0gr., spring-peak, 83 obs. 

> aov.Sei0grLNtrans=aov(Sei0grLNtrans~Year) #runs the ANOVA test. 
> summary(aov.Sei0grLNtrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Year         4  235.2   58.80   26.18 8.95e-14 *** 
Residuals   78  175.2    2.25                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.Sei0grLNtrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = Sei0grLNtrans ~ Year) 
 
$Year 
                 diff       lwr       upr     p adj 
1998-1997 -0.57222177 -2.127555 0.9831119 0.8419364 
1999-1997 -0.14236883 -1.605588 1.3208501 0.9987783 
2016-1997 -0.10787848 -1.571097 1.3553404 0.9995910 
2017-1997  3.86815083  2.404932 5.3313697 0.0000000 
1999-1998  0.42985294 -1.061598 1.9213038 0.9283766 
2016-1998  0.46434329 -1.027108 1.9557941 0.9072034 
2017-1998  4.44037260  2.948922 5.9318234 0.0000000 
2016-1999  0.03449035 -1.360634 1.4296148 0.9999947 
2017-1999  4.01051966  2.615395 5.4056442 0.0000000 
2017-2016  3.97602931  2.580905 5.3711538 0.0000000 

 

Saithe; 0-gr., autumn-abundance, 104 obs 

> aov.Sei0grLNtrans=aov(Sei0grLNtrans~Year) #runs the ANOVA test. 
> summary(aov.Sei0grLNtrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Year         4  35.67   8.918   9.051 2.84e-06 *** 
Residuals   99  97.54   0.985                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.Sei0grLNtrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = Sei0grLNtrans ~ Year) 
 
$Year 
                 diff        lwr         upr     p adj 
1998-1997 -0.94893683 -1.8211323 -0.07674137 0.0258563 
1999-1997 -1.13067026 -1.8950818 -0.36625875 0.0007644 
2016-1997 -0.86218051 -1.6844943 -0.03986674 0.0350032 
2017-1997  0.37316505 -0.4491487  1.19547882 0.7155360 
1999-1998 -0.18173342 -1.0971022  0.73363531 0.9814961 
2016-1998  0.08675632 -0.8774920  1.05100469 0.9991239 
2017-1998  1.32210189  0.3578535  2.28635025 0.0022034 
2016-1999  0.26848974 -0.5994820  1.13646148 0.9108552 
2017-1999  1.50383531  0.6358636  2.37180704 0.0000515 
2017-2016  1.23534557  0.3159708  2.15472031 0.0028555 

 

Pollack; 0-gr, spring-peak, 82 obs. 
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> aov.Lyr0grLNtrans=aov(Lyr0grLNtrans~Year) #runs the ANOVA test. 
> summary(aov.Lyr0grLNtrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Year         4  134.0   33.50   23.55 9.68e-13 *** 
Residuals   77  109.5    1.42                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.Lyr0grLNtrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = Lyr0grLNtrans ~ Year) 
 
$Year 
                diff          lwr      upr     p adj 
1998-1997  1.2189500  0.002452577 2.435447 0.0492893 
1999-1997  0.4395121 -0.740663782 1.619688 0.8357985 
2016-1997  1.8879584  0.707782491 3.068134 0.0002527 
2017-1997  3.5733937  2.408686093 4.738101 0.0000000 
1999-1998 -0.7794379 -1.959613817 0.400738 0.3558449 
2016-1998  0.6690083 -0.511167544 1.849184 0.5123822 
2017-1998  2.3544437  1.189736058 3.519151 0.0000026 
2016-1999  1.4484463  0.305745885 2.591147 0.0059624 
2017-1999  3.1338816  2.007163856 4.260599 0.0000000 
2017-2016  1.6854354  0.558717583 2.812153 0.0007150 

 

Pollack; 0-gr., autumn-abundance, 104 obs 

> aov.Lyr0grLNtrans=aov(Lyr0grLNtrans~Year) #runs the ANOVA test. 
> summary(aov.Lyr0grLNtrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value Pr(>F)     
Year         4 117.96  29.489   44.45 <2e-16 *** 
Residuals   99  65.68   0.663                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.Lyr0grLNtrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = Lyr0grLNtrans ~ Year) 
 
$Year 
                diff        lwr       upr     p adj 
1998-1997  0.5774196 -0.1382977 1.2931368 0.1731737 
1999-1997  0.3071161 -0.3201545 0.9343866 0.6541808 
2016-1997  1.7673855  1.0926008 2.4421702 0.0000000 
2017-1997  2.8832089  2.2084242 3.5579936 0.0000000 
1999-1998 -0.2703035 -1.0214484 0.4808414 0.8548046 
2016-1998  1.1899659  0.3987107 1.9812211 0.0005948 
2017-1998  2.3057894  1.5145341 3.0970446 0.0000000 
2016-1999  1.4602694  0.7480181 2.1725207 0.0000012 
2017-1999  2.5760929  1.8638415 3.2883442 0.0000000 
2017-2016  1.1158235  0.3613912 1.8702557 0.0007652 

 

Whiting; 0-gr., spring-peak, 83 obs. 

> aov.Hvitting0grLNtrans=aov(Hvitting0grLNtrans~Year) #runs the ANOVA test. 
> summary(aov.Hvitting0grLNtrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value  Pr(>F)    
Year         4  21.03   5.257   3.974 0.00549 ** 



 

71 

 

Residuals   78 103.19   1.323                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.Hvitting0grLNtrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = Hvitting0grLNtrans ~ Year) 
 
$Year 
                diff        lwr        upr     p adj 
1998-1997  0.4905657 -0.6822864  1.6634178 0.7693984 
1999-1997 -0.3682082 -1.4911286  0.7547122 0.8900394 
2016-1997 -0.9165841 -2.0544178  0.2212496 0.1727571 
2017-1997  0.3102022 -0.8127182  1.4331226 0.9380566 
1999-1998 -0.8587739 -1.9816943  0.2641465 0.2156641 
2016-1998 -1.4071498 -2.5449834 -0.2693161 0.0077720 
2017-1998 -0.1803635 -1.3032839  0.9425569 0.9914701 
2016-1999 -0.5483759 -1.6346694  0.5379177 0.6233152 
2017-1999  0.6784104 -0.3922522  1.7490730 0.3985915 
2017-2016  1.2267863  0.1404927  2.3130798 0.0188770 

 

Goldsinny wrasse; 0gr., peak-abundance, 89 obs. 

> aov.Bergnebb0grTrans=aov(LNtransBergnebb0gr~Year) #runs the ANOVA test. 
> summary(aov.Bergnebb0grTrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Year         4  132.1   33.01    21.1 4.52e-12 *** 
Residuals   84  131.4    1.56                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
> TukeyHSD(aov.Bergnebb0grTrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = LNtransBergnebb0gr ~ Year) 
 
$Year 
                diff        lwr        upr     p adj 
1998-1997 -3.1595269 -4.4327671 -1.8862866 0.0000000 
1999-1997 -1.6390949 -2.7963344 -0.4818554 0.0014949 
2016-1997  0.1799161 -1.0391186  1.3989508 0.9938756 
2017-1997 -0.1550204 -1.3740551  1.0640144 0.9965527 
1999-1998  1.5204320  0.3631925  2.6776714 0.0038867 
2016-1998  3.3394430  2.1204082  4.5584777 0.0000000 
2017-1998  3.0045065  1.7854718  4.2235412 0.0000000 
2016-1999  1.8190110  0.7216924  2.9163296 0.0001307 
2017-1999  1.4840745  0.3867559  2.5813931 0.0027291 
2017-2016 -0.3349365 -1.4972405  0.8273675 0.9288831 

 

Goldsinny wrasse; >1 year, Juni-August, 214 obs. 

> aov.BergnebbEldreLn=aov(LNtransBergnebbEldre~Year) #runs the ANOVA test. 
> summary(aov.BergnebbEldreLn) #give the basic ANOVA output 
             Df Sum Sq Mean Sq F value   Pr(>F)     
Year          4  50.25  12.562   10.17 1.54e-07 *** 
Residuals   209 258.24   1.236                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.BergnebbEldreLn) 
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  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = LNtransBergnebbEldre ~ Year) 
 
$Year 
                diff         lwr        upr     p adj 
1998-1997 -0.3309787 -0.99236148  0.3304041 0.6430403 
1999-1997 -0.8194082 -1.45052448 -0.1882920 0.0039730 
2016-1997  0.6206115 -0.01050474  1.2517277 0.0564344 
2017-1997  0.2837253 -0.34307162  0.9105223 0.7246013 
1999-1998 -0.4884296 -1.19235694  0.2154978 0.3155849 
2016-1998  0.9515902  0.24766281  1.6555176 0.0023582 
2017-1998  0.6147040 -0.08535346  1.3147615 0.1150132 
2016-1999  1.4400197  0.76445018  2.1155893 0.0000002 
2017-1999  1.1031336  0.43159730  1.7746699 0.0001004 
2017-2016 -0.3368862 -1.00842244  0.3346501 0.6408781 

 

Corkwing wrasse; 0-gr, peak-abundance, 82 obs. 

> aov.GrongyltTrans=aov(GrongyltLNtrans~Year) #runs the ANOVA test. 
> summary(aov.GrongyltTrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value   Pr(>F)     
Year         4  70.51  17.628   17.48 3.05e-10 *** 
Residuals   77  77.66   1.009                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.GrongyltTrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = GrongyltLNtrans ~ Year) 
 
$Year 
                 diff        lwr        upr     p adj 
1998-1997 -2.56776269 -3.6103177 -1.5252077 0.0000000 
1999-1997 -0.05275612 -1.0465917  0.9410794 0.9998888 
2016-1997 -0.03193651 -1.0127462  0.9488731 0.9999842 
2017-1997 -0.55036712 -1.5311768  0.4304425 0.5225444 
1999-1998  2.51500657  1.5024903  3.5275228 0.0000000 
2016-1998  2.53582617  1.5360924  3.5355599 0.0000000 
2017-1998  2.01739556  1.0176618  3.0171293 0.0000027 
2016-1999  0.02081961 -0.9279985  0.9696377 0.9999967 
2017-1999 -0.49761100 -1.4464291  0.4512071 0.5880355 
2017-2016 -0.51843061 -1.4535959  0.4167347 0.5345658 

 

Broadnosed pipefish; peak-abundance, 83 obs. 

> aov.TangsnelleLNtrans=aov(TangsnelleLNtrans~Year) #runs the ANOVA test. 
> summary(aov.TangsnelleLNtrans) #give the basic ANOVA output. 
            Df Sum Sq Mean Sq F value  Pr(>F)    
Year         4  29.38   7.346    5.11 0.00104 ** 
Residuals   78 112.12   1.437                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.TangsnelleLNtrans, groups=Year, conf.level=0.95) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = TangsnelleLNtrans ~ Year) 
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$Year 
                diff        lwr         upr     p adj 
1998-1997 -1.1799636 -2.4025484  0.04262117 0.0637640 
1999-1997 -0.2275987 -1.4136801  0.95848279 0.9833254 
2016-1997 -1.4700880 -2.6406238 -0.29955217 0.0065848 
2017-1997 -1.2852313 -2.4557671 -0.11469554 0.0241432 
1999-1998  0.9523649 -0.2337165  2.13844639 0.1752921 
2016-1998 -0.2901244 -1.4606602  0.88041144 0.9576214 
2017-1998 -0.1052677 -1.2758035  1.06526807 0.9991037 
2016-1999 -1.2424893 -2.3748451 -0.11013347 0.0242792 
2017-1999 -1.0576327 -2.1899885  0.07472316 0.0786418 
2017-2016  0.1848566 -0.9312055  1.30091873 0.9904133 

 

ANOVA on short-lived species, all ln-transformed data: 

Transparent goby; peak-parent generation,84 obs. 

> aov.GlasskutlingParentLNtrans=aov(GlasskutlingLNtrans~Year, data=GlassPar
ent)  
> summary(aov.GlasskutlingParentLNtrans) 
            Df Sum Sq Mean Sq F value Pr(>F)   
Year         4   41.1  10.275   3.243 0.0162 * 
Residuals   79  250.3   3.168                  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.GlasskutlingParentLNtrans) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = GlasskutlingLNtrans ~ Year, data = GlassParent) 
 
$Year 
                diff          lwr        upr     p adj 
1998-1997  0.8428356 -0.971616583  2.6572877 0.6939262 
1999-1997 -1.2114856 -2.948691281  0.5257201 0.3016706 
2016-1997  0.1582386 -1.578967098  1.8954443 0.9990588 
2017-1997  0.4479177 -1.289287947  2.1851234 0.9513379 
1999-1998 -2.0543212 -3.791526861 -0.3171155 0.0122465 
2016-1998 -0.6845970 -2.421802677  1.0526087 0.8059271 
2017-1998 -0.3949178 -2.132123526  1.3422878 0.9689559 
2016-1999  1.3697242 -0.286636448  3.0260848 0.1530042 
2017-1999  1.6594033  0.003042703  3.3157640 0.0493512 
2017-2016  0.2896792 -1.366681481  1.9460398 0.9882401 
 

 
Two-spotted goby; peak-parent generation,83 obs. 
 
> aov.TangkutParentln=aov(TangkutlingLNtrans~Year) #runs the ANOVA test. 
> summary(aov.TangkutParentln) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value Pr(>F)   
Year         4  49.88   12.47   3.563 0.0101 * 
Residuals   78 272.98    3.50                  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.TangkutParentln) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = TangkutlingLNtrans ~ Year) 
 
$Year 
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                 diff        lwr      upr     p adj 
1998-1997  1.03337324 -0.9080331 2.974780 0.5742852 
1999-1997  0.99160962 -0.8348168 2.818036 0.5552494 
2016-1997  1.88651040  0.0600840 3.712937 0.0394396 
2017-1997  2.23264375  0.4062173 4.059070 0.0087793 
1999-1998 -0.04176362 -1.9034298 1.819903 0.9999964 
2016-1998  0.85313716 -1.0085290 2.714803 0.7043109 
2017-1998  1.19927051 -0.6623957 3.060937 0.3815703 
2016-1999  0.89490078 -0.8465285 2.636330 0.6071606 
2017-1999  1.24103413 -0.5003951 2.982463 0.2804305 
2017-2016  0.34613335 -1.3952959 2.087563 0.9809961 

 

 
 

Two-spotted goby; peak-abundance of 0-group, 83 obs.  

> aov.TangkutPeaklog=aov(TangkutlingLog~Year) #runs the ANOVA test. 
> summary(aov.TangkutPeaklog) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value Pr(>F)     
Year         4  238.2   59.56   45.08 <2e-16 *** 
Residuals   78  103.1    1.32                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.TangkutPeaklog) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = TangkutlingLog ~ Year) 
 
$Year 
                diff         lwr        upr     p adj 
1998-1997 -1.3237740 -2.49588616 -0.1516619 0.0188680 
1999-1997  0.3511221 -0.78599370  1.4882379 0.9097014 
2016-1997 -3.9629635 -5.08517542 -2.8407515 0.0000000 
2017-1997 -2.9719210 -4.09413291 -1.8497090 0.0000000 
1999-1998  1.6748961  0.53778031  2.8120119 0.0008897 
2016-1998 -2.6391895 -3.76140142 -1.5169775 0.0000001 
2017-1998 -1.6481470 -2.77035890 -0.5259350 0.0009274 
2016-1999 -4.3140856 -5.39969377 -3.2284774 0.0000000 
2017-1999 -3.3230431 -4.40865126 -2.2374349 0.0000000 
2017-2016  0.9910425 -0.07894459  2.0610296 0.0827877 
 

Painted goby; peak-parent-generation, 83 obs. 

> aov.BergkutlingParentln=aov(BergkutlingLNtrans~Year) #runs the ANOVA test
. 
> summary(aov.BergkutlingParentln) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value Pr(>F)   
Year         4  23.02   5.756   2.438 0.0539 . 
Residuals   78 184.13   2.361                  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.BergkutlingParentln) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = BergkutlingLNtrans ~ Year) 
 
$Year 
                diff         lwr      upr     p adj 
1998-1997  0.6109210 -0.98354213 2.205384 0.8212827 
1999-1997  0.8719747 -0.62805624 2.372006 0.4872456 
2016-1997  1.4868013 -0.01322966 2.986832 0.0532158 
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2017-1997  1.3405825 -0.15944844 2.840613 0.1020779 
1999-1998  0.2610537 -1.26791943 1.790027 0.9892451 
2016-1998  0.8758803 -0.65309285 2.404853 0.5020736 
2017-1998  0.7296615 -0.79931163 2.258635 0.6718189 
2016-1999  0.6148266 -0.81539682 2.045050 0.7510743 
2017-1999  0.4686078 -0.96161560 1.898831 0.8903169 
2017-2016 -0.1462188 -1.57644218 1.284005 0.9985164 
 

Painted goby; peak-abundance of 0-group, 83 obs. 

> aov.BergkutlingLNtrans=aov(BergkutlingLNtrans~Year) #runs the ANOVA test. 
> summary(aov.BergkutlingLNtrans) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value Pr(>F)     
Year         4  456.4  114.10   43.44 <2e-16 *** 
Residuals   78  204.9    2.63                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.BergkutlingLNtrans) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = BergkutlingLNtrans ~ Year) 
 
$Year 
                diff        lwr        upr     p adj 
1998-1997  2.3160158  0.6634197  3.9686119 0.0017635 
1999-1997  2.8053412  1.2020875  4.4085949 0.0000519 
2016-1997 -2.8658989 -4.4481393 -1.2836586 0.0000266 
2017-1997 -2.3053709 -3.8876112 -0.7231306 0.0010380 
1999-1998  0.4893254 -1.1139284  2.0925791 0.9131323 
2016-1998 -5.1819148 -6.7641551 -3.5996745 0.0000000 
2017-1998 -4.6213868 -6.2036271 -3.0391465 0.0000000 
2016-1999 -5.6712401 -7.2018717 -4.1406086 0.0000000 
2017-1999 -5.1107121 -6.6413437 -3.5800806 0.0000000 
2017-2016  0.5605280 -0.9480789  2.0691350 0.8371095 
 

 

Sand goby; peak-parent-generation, 83 obs. 

> aov.SandkutParentlog=aov(SandkutlingLNtrans~Year) #runs the ANOVA test. 
> summary(aov.SandkutParentlog) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value Pr(>F) 
Year         4  12.91   3.227   1.251  0.297 
Residuals   78 201.26   2.580                
> TukeyHSD(aov.SandkutParentlog) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = SandkutlingLNtrans ~ Year) 
 
$Year 
                 diff        lwr      upr     p adj 
1998-1997  0.35498742 -1.3119923 2.021967 0.9754978 
1999-1997 -0.20812996 -1.7763827 1.360123 0.9958997 
2016-1997  0.32479173 -1.2434610 1.893044 0.9778799 
2017-1997  0.91815873 -0.6500940 2.486411 0.4799833 
1999-1998 -0.56311738 -2.1616286 1.035394 0.8618207 
2016-1998 -0.03019569 -1.6287069 1.568315 0.9999982 
2017-1998  0.56317131 -1.0353399 2.161682 0.8617792 
2016-1999  0.53292169 -0.9623486 2.028192 0.8567012 
2017-1999  1.12628869 -0.3689816 2.621559 0.2290375 
2017-2016  0.59336700 -0.9019033 2.088637 0.8017498 
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Sand goby, peak-abundance of 0-gr., 84 obs. 

> aov.SandkutlingLNPeak=aov(SandkutlingLNtrans~Year) #runs the ANOVA test. 
> summary(aov.SandkutlingLNPeak) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value Pr(>F) 
Year         4  15.99   3.998    1.37  0.252 
Residuals   79 230.60   2.919                
> TukeyHSD(aov.SandkutlingLNPeak) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = SandkutlingLNtrans ~ Year) 
 
$Year 
                 diff       lwr       upr     p adj 
1998-1997 -0.18692283 -1.928583 1.5547374 0.9982080 
1999-1997 -0.01146549 -1.678978 1.6560473 1.0000000 
2016-1997 -0.46380382 -2.131317 1.2037089 0.9366560 
2017-1997 -1.15079519 -2.818308 0.5167176 0.3119873 
1999-1998  0.17545735 -1.492055 1.8429701 0.9983417 
2016-1998 -0.27688098 -1.944394 1.3906318 0.9903361 
2017-1998 -0.96387235 -2.631385 0.7036404 0.4932226 
2016-1999 -0.45233833 -2.042249 1.1375727 0.9315473 
2017-1999 -1.13932970 -2.729241 0.4505813 0.2753025 
2017-2016 -0.68699137 -2.276902 0.9029197 0.7477327 

Three-spined stickleback; parent peak-abundance, 83 obs. 

aov.StingsildLNtrans=aov(StingsildLNtrans~Year,data=StingsildPeak) #runs 

the ANOVA test. 

> summary(aov.StingsildLNtrans) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value Pr(>F) 
Year         4   7.75   1.937    0.58  0.678 
Residuals   78 260.34   3.338    

 

Three-spined stickleback; peak-abundance 0-group, 84 obs. 

> aov.StingsildLNtrans=aov(StingsildLNtrans~Year,data=StingsildPeak) #runs 
the ANOVA test. 
> summary(aov.StingsildLNtrans) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value Pr(>F)   
Year         4  112.2   28.06   3.259 0.0158 * 
Residuals   79  680.2    8.61                  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.StingsildLNtrans) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = StingsildLNtrans ~ Year, data = StingsildPeak) 
 
$Year 
                  diff       lwr         upr     p adj 
1998-1997 -2.929980028 -5.921254  0.06129426 0.0577481 
1999-1997 -3.009255776 -5.873183 -0.14532869 0.0345603 
2016-1997 -2.939784948 -5.803712 -0.07585786 0.0413241 
2017-1997 -3.150780214 -6.014707 -0.28685312 0.0237250 
1999-1998 -0.079275748 -2.943203  2.78465134 0.9999917 
2016-1998 -0.009804919 -2.873732  2.85412217 1.0000000 
2017-1998 -0.220800186 -3.084727  2.64312690 0.9995126 
2016-1999  0.069470828 -2.661177  2.80011817 0.9999941 
2017-1999 -0.141524438 -2.872172  2.58912290 0.9998992 
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2017-2016 -0.210995267 -2.941643  2.51965207 0.9995083 
 

Shrimp; peak-abundance, 83 obs. 

> aov.StrandrekeLNtrans=aov(StrandrekeLNtrans~Year,data=StrandrekePeak) #ru
ns the ANOVA test. 
> summary(aov.StrandrekeLNtrans) #give the basic ANOVA output 
            Df Sum Sq Mean Sq F value  Pr(>F)    
Year         4  162.7   40.68    4.64 0.00206 ** 
Residuals   78  683.9    8.77                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(aov.StrandrekeLNtrans) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = StrandrekeLNtrans ~ Year, data = StrandrekePeak) 
 
$Year 
                diff       lwr        upr     p adj 
1998-1997 -3.1439213 -6.163435 -0.1244072 0.0371037 
1999-1997 -2.8104538 -5.739813  0.1189051 0.0663086 
2016-1997 -3.7965345 -6.687499 -0.9055699 0.0039690 
2017-1997 -3.9917743 -6.882739 -1.1008098 0.0021399 
1999-1998  0.3334675 -2.595891  3.2628264 0.9977410 
2016-1998 -0.6526132 -3.543578  2.2383514 0.9696947 
2017-1998 -0.8478531 -3.738818  2.0431115 0.9240172 
2016-1999 -0.9860807 -3.782749  1.8105878 0.8614334 
2017-1999 -1.1813206 -3.977989  1.6153479 0.7629338 
2017-2016 -0.1952399 -2.951666  2.5611867 0.9996510 

 

 

 


