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Summary
We surveyed the Frisian Front area in the southern North Sea (4.0-5.5 E 53.4-54.3 N) to determine the
distribution of piscivorous seabirds and subsurface pelagic fish during daylight hours. Bird observations
were carried out following the one-sided ESAS-protocol. Subsurface pelagic fish distribution was
determined by a combination of innovative fishing nets and acoustic sonar. We developed and deployed
a surface trawl to fish the upper three metres of the water column. We applied a second surface trawl
with a fixed opening of 2.5 metres, equipped with a plankton bottle to determine the distribution of fish
larvae and zooplankton. We built and deployed an upside-down towed acoustic sonar to investigate the
distribution of fish in the upper five metres of the water column. Results show a correlation between
distribution of subsurface pelagic fish and environmental parameters. Overall, we found a very low
density of small epipelagic fish suitable as prey for piscivorous seabirds. Prey density was too low to
support the number of Lesser Black-backed Gulls in the area. These species seemed to rather forage on
the discards from fishing vessels. Common Guillemots were present in relative high numbers, and their
distribution did not correlate with the distribution of their prey.

1. Introduction
The Frisian Front area was named by Dutch and German oceanographers in 1985 (Baars et al. 1991).
Initially, it referred to the tidal front situated at the transition from the well-mixed shallow waters of the
Southern Bight to the summer-stratified deep waters north of the Frisian islands. Shortly after that time,
however, the term „Frisian Front‟ became the synonym for a biologically rich zone between the 30- and
40 m isobaths to the north of the islands Texel and Vlieland (Baars 1991; van Ness et al. 2007). The
area owes its biological richness to a unique combination of hydrography and bottom topography
enhancing the formation of biologically productive fronts. Due to its ecological significance, the
Netherlands currently consider to establish a Marine Protected Area (MPA) around the Frisian Front
(Lindeboom et al. 2005).
The Frisian Front attracts many seabirds (Dewicke et al. 2002; Leopold 1991). It hosts a number of
typical North Sea bird species such as Northern Fulmar (Fulmarus glacialis), Northern Gannet (Morus
bassanus), Lesser Black-backed Gull (Larus fuscus) and Common Guillemot (Uria aalge). For the latter
two species, the area is of particular importance during the period of chick growth. Lesser Black-backed
Gulls fly back and forth from their breeding colonies on the Wadden Sea islands to their foraging areas
at and around the Frisian Front (Camphuysen & Leopold 1994; Camphuysen 1995; Ens et al. 2009).
Male Common Guillemots escort their still flightless chicks from the British breeding colonies to the
Frisian Front and undergo a complete feather moult during this period (Camphuysen 2002).
The Frisian Front is rich in both demersal and pelagic fish. Whereas Common Guillemots are able to
reach this fish at any depth at any time (potential diving depths exceed Frisian Front bottom depths, cf
Hedd et al. 2009), most adult fish swim too deep to be preyed upon by surface feeders, such as Lesser
Black-backed Gulls. This is unless factors come into play that bring these fishes to the surface. Under
natural circumstances, pelagic fish can be driven to the surface by subsurface predators, such as
cetaceans (e.g. Harbour Porpoise Phocoena phocoena), birds (e.g. Common Guillemot) or predatory fish
(e.g. Mackerel Scomber scombrus). In an attempt to escape, schools of small pelagic fish may migrate
to the surface, where they can be preyed upon by surface feeders. Aggregations of foraging surface

feeders, or „feeding frenzies‟, which are attended by several predatory species, are called „multi-species

feeding associations‟ (MSFA). Alternatively, otherwise unattainable fish become available through fishing
vessels discarding bycatch. These two mechanisms are not mutually exclusive and birds may use them
opportunistically.
In this study we were particularly interested in piscivorous birds feeding on small pelagic fish swimming
at the subsurface, i.e. the upper three metres of the water column. Existing fishing gear was not suitable
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to sample the upper water layer, therefore, we had to develop innovative trawls. We surveyed birds and
sampled fish in the upper water column in the Frisian Front area. The objective of the study is to better
understand the interrelationship between small pelagic fish, birds and environmental parameters on the
distribution of birds at sea, which is an important prerequisite for the spatial planning of wind turbine
parks.

2. Material and methods
We surveyed the Frisian Front area in the southern North Sea (4.0-5.5 E 53.4-54.3 N), Fig. 1. Transects
were sailed for bird counts. Bird counts were stopped during fish sampling. At a number of stations
replicate fish samples were taken.

Figure 1. Location of the study area in the North Sea (left) and bird transects and fish sampling stations
(right). Isobaths and area with high silt content are shown.

Bird surveys
Ship-based bird surveys along N-S and NE-SW transects were conducted from a commercial trawler, the
SC-41, according to standardized ESAS (European Seabirds At Sea) protocols (Tasker et al. 1984)
supplemented by scoring of behavioural events (Camphuysen & Garthe 2004; Schwemmer & Garthe
2005). Also, the presence of visible trawlers and their distance were noted using standardized codes.

This transect method dictates that all birds swimming within a distance of 300 m from the ships‟ sailing
line are counted within 5 minute counts, at one side of the ship. Flying birds are counted using the
snapshot method, in which all birds are counted that are at whole minutes within 300 m sideways and in
front of the ship. Observations are pooled at the central point of a 5-minute transect line. Two observers
counted during daylight hours.
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Fish surveys
Fish were sampled from the upper water layers by deploying an echosounder, a pelagic surface trawl net
and a floating plankton net simultaneously (Fig. 2). Fish sampling locations were distributed along the
survey transect (Fig. 1). Thirty-minute fish tracks, with an average length of 3200 ± 940 m (AVG and
SD), at speeds of approximately 3 - 4 knots were made.

Echosounder
To map vertical distribution of fish, a simrad EK60 splitbeam echosounder with a 200 kHz transducer
was deployed. The echosounder was operated at a power output of 300W, a pulse length of 0.256ms
and a ping interval of 1s. The system was last calibrated in June 2008 with a Simrad calibration sphere.
The transducer was mounted in a hydrodynamic metal towed body (designed by The german “Institute
fur Hochseefischerei”, now “Johann Heinrich von Thünen-Institute”) for use in the Western Baltic. The
transducer was mounted upwards, following Probst et al. (2009) who used the same design as the
German institute. The body was towed at a depth range of 5 to 7m. In order to avoid disturbance of fish
by the ship, the echosounder was dragged at starboard side at an angle with the ships‟ bearing, which
was achieved by shaping it like a wing, making it „fly like a kite in the water‟.

The data was analyzed with Myriax Echoview (Myriax Pty Ltd, Hobart, Australia). A threshold of -70 dB
was applied and all data. Data was referenced relative to the sea surface. Analysis was performed in 1 m
depth layers. Due to noise caused by waves (Bragg scattering) at the sea surface, the upper one or two
layers had to be excluded. These values were replaced by backscattering values of the layer directly
underneath the excluded layer(s). Since the towed body did not cover the whole of the deepest layers
(5-7 m) all the time, analysis was performed down to a depth of 5 m. Gained data was expressed in
Nautical Area Scattering Coefficient (NASC, the integrated echo energy, sA) per layer (in Echoview: PRC
NASC). Total sA values were distributed over the species found in the trawl based on the weight
proportions. In that way, the observed sA -depth distributions at every station were split up between

species and combined to give overall sA -species-depth distributions. Species densities (ρ) were
calculated from the integrated echo intensity (sA) according to:

ρ

sA
4π σ bs

(1)

using species-specific values for σbs, the backscattering cross-section (MacLennan et al. 2002). σbs is the
linear equivalent of the Target Strength (TS), a species‟ potential to reflect sound. TS can be derived
from σbs in the following way: TS = 10log10(σbs). The standard equation to derive the TS of a fish

species, TS = 20 log10(L) - b20, where L is fish length, was used. Species-specific b20 values for 200kHz
were from literature (Table 1). For simplicity, the observed mean length was used for each species.
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Table 1. Assumed b20 values to convert fish length into target strength at 200 kHz and their literature
source(s).

species

b20

source

Sprat

-69.90

Simmonds and MacLennan (2005)

Mackerel

-79.65

Simmonds and MacLennan (2005); Korneliussen & Ona (2004)

Whiting

-72.40

Simmonds and MacLennan (2005); Pedersen et al. (2004)

Horse Mackerel

-64.30

Simmonds and MacLennan (2005); Simfami 2005

sandeel

-89.70

Simmonds and MacLennan (2005); Mackinson et al. (2005)

Pelagic surface trawl net
We developed a new pelagic surface trawl net (SURFnet) that enabled us to fish the upper three metres
of water with a reasonably large net opening. This net has a circumference of 450 meshes with a
theoretical net opening of 12 m horizontal and 5 m vertical and a total length of 51.5 m. The net is
manufactured of knotless meshes made of white nylon 210/42 with stretched mesh sizes of 40 mm

down to 16 mm. It is towed from the beam out of the ship‟s wake by applying a metal trawldoor of 2.5
m2 type Thyboron 15 on the port side and a smaller, 1 m2, trawldoor at the starboard side. The head
rope is kept at the surface by small floaters of 200 mm diameter and 4 large inflatable floaters type
polyF8, 100 l. The net holds four steel cables, 12 mm 6x19S, each with a length of 25 m that are
attached to a 200 m steel cable, 14 mm 6x19S, to shoot and haul. The vertical net opening is made
adjustable between 2 and 5 m and was applied at 3 m opening.

Floating plankton net
We adapted a net with a fixed net opening originally designed for macrozooplankton / micronecton
surveys under sea ice to operate in North Sea waters. This gear is made of a steel frame of 2.3 by 2.3 m
and is equipped with canvas shearing boards to fish outside the ship‟s wake. Large inflatable floaters

were mounted on the upper frame. The net is a white nylon shrimp net with a total length of 15 m and a
stretched mesh size of 14 mm. The blinder has a mesh of 0.3 mm ending in a plankton bottle. It is
towed from the starboard beam at an angle of approximately 40 degrees.

Figure 2. From left to right: upside down echosounder, surface trawl net and floating plankton net.
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3. Results

Pelagic fish (0-3 m)
In total 22 species of fish and 7 species of jellyfish have been caught in the upper 3 m with the SUITnet
and SURFnet. The four most abundant fish species were Sprat (Sprattus sprattus), Scad (Trachurus
trachurus), Mackerel (Scomber scombrus) and Whiting (Merlangius merlangus) (Table 2). Standard fish
length of these species ranged from 15 to 100 mm, showing juvenile fish (Fig. 3).

Table 2. Catch results from the trawls, split for the SURF and SUIT nets, ranked by presence.
total n ind (n stations)
group

species
Sprat (Sprattus sprattus)
Scad (Trachurus trachurus)
Mackerel (Scomber scombrus)
Whiting (Merlangius merlangus)
Flying Crab (Liocarcinus holsatus)
Garfish (Belone belone)
sandeel (Ammodytes sp.)
Lumpsucker (Cyclopterus lumpus)

SURF

19868 (7)
2905 (25)
2006 (17)
577 (27)
78 (23)
120 (14)
33 (7)
84 (22)

Red Mullet (Mullus surmuletus)
Herring (Clupea harengus)*
fish

Lesser Weever (Echiichthys vipera)
Greater Sandeel (Hyperoplus lanceolatus)
Turbot (Psetta maxima)
Sea Trout (Salmo trutta trutta)
Pouting (Trisopterus luscus)

1 (1)
1 (1)
7 (1)
2 (2)
4 (3)
1 (1)

Sandeel (Ammodytes tobianus)
Reiculated Dragonet (Callionymus reticulatus)
Anchovy (Engraulis encrasicolus)
Dab (Limanda limanda)
Compass Jellyfish (Chrysoara hysoscella)
Blue jellyfish (Cyanea lamarckii)
jellyfish

comb jelly (Ctenophora sp.)
Moon Jellyfish (Aurelia aurita)
Rhizostome (Rhizostoma pulmo)

25 (1)
5 (1)
1 (1)
1 (1)

comb jelly (Beroe sp.)
squid

squid (Loligo sp.)*

14 (1)
10 (7)
9 (3)
4 (3)
1 (1)
2 (1)

1 (1)
1 (1)
1 (1)

Anglerfish (Lophius piscatorius)

Lions Mane Jellyfish (Cyanea capillata)

15 (3)
265 (22)
10 (7)
152 (25)
50 (6)
1 (1)
84 (8)
3 (3)
27 (8)

16 (1)

Riatt's Sandeel (Ammodytes marinus)
Four-bearded Rockling (Enchelyopus cimbrius)

SUIT

19 (1)

1 (1)
1879 (34)
294 (30)
176 (30)
19 (4)
11 (10)
5 (3)
1 (1)

total

19883 (8)
3170 (27)
2016 (21)
729 (33)
128 (23)
121 (14)
117 (12)
87 (23)
27 (8)
16 (1)
14 (1)
11 (7)
10 (4)
7 (1)
6 (34)
4 (3)
2 (2)
2 (1)
1 (1)
1 (1)
1 (1)
1 (1)
1879 (34)
294 (30)
201 (30)
24 (4)
12 (11)
6 (4)
1 (1)
19 (1)

* only caught in single trawl during night
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Figure 3. Probability density histograms of fish length of four common fish species in the SUITnet (left)
and SURFnet (right) catches.
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Figure 4. Densities of the most important numerous fish species for both nets combined. Note the
different scales.

Densities of fish were low for all species, even the most numerous ones (Fig. 4, Fig. 5). Sprat was found
at only a few stations, with the highest density in a northern station. Whiting was scattered over the
entire study area, with local higher densities. Scad was most abundant at southern stations, whereas
Whiting was most numerous at a few northern stations. Overall fish densities were low throughout the
study area, except for a single trawl in the north-western part of the study area (Fig. 5). Also, a single
trawl during nighttime revealed slightly higher fish densities (Fig. 6).
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Figure 5. Total densities of fish during trawls (red dots), and interpolated fish densities (Kriging,
background). Overall densities were low, except for one trawl in the north-western part of the study
area.

Figure 6. Densities of fish during daytime trawls and during the single nighttime trawls. Fish density in
the upper water layers was somewhat higher during night, only outnumbered by a single trawl (in the
north-western part of the study area) with much higher fish densities.

Report number C135/10

11 of 18

Echosounder fish distribution (0-5 m)
Figure 7 shows the vertical distribution in depth layers of 1 meter from the echosounder expressed as
Nautical Area Scatter Coefficient (NASC), scaled over the total length of the haul. Overall the fish

depth (m)

abundance increases towards the surface.

1

n=5

2

n=12

3

n=13

4

n=9

5

n=6

0

20

40

60

80

100

120

140

total NASC (+/-SE)

Figure 7. Acoustic distribution (NASC) of all fish species by 1 meter depth layers in the upper water
layers of the survey area as measured by echosounder. Sample sizes differ between layers due to tow
depth or exclusion of data because of scattering at the surface.

Birds
Lesser Black-backed Gull
With 6066 individuals counted, the Lesser Black-backed Gull was the most numerous bird species in the
surveyed area. The majority consisted of adults (97.7%), with a few freshly arrived and still begging
juveniles (1.7%). Immatures (2-4 y) constituted less than 1% of the individuals.
A large part of the Lesser Black-backed Gulls associated with the observer ship (61%), especially during
fish sampling and in the absence of fishing vessels (Fig. 11). Notably, the percentage of gulls associated
with the observer ship was lower when other fishing vessels where within range of sight. Lesser Blackbacked Gulls travelling in a straight line were mainly recorded in the morning around 6:00 and in the
afternoon. Most birds travelled south or southeast (55%).

The attraction of Lesser Black-backed Gulls to the observer‟s ship eclipses potential fine-scale
distribution patterns. Assuming that the number of gulls attracted reflects the number of gulls present
nearby (cf Skov & Durinck 2001), the number of gulls attracted after a fish track could be used to infer
distribution of Lesser Black-backed Gulls. Distribution of Lesser Black-backed Gulls showed no clear
pattern (Fig. 8) and did not correlate with fish densities (Fig. 9).

Common Guillemot
A total of 1337 Common Guillemots were recorded; among which at least 167 juveniles chaperoned by
adults. Presence of active primary moult was recorded in 8% of the individuals seen flapping or diving
(n=89). No guillemot was seen flying. Most were swimming, sleeping or preening (99%), with only a
very small part of the birds actively feeding (1%). This suggest that guillemots fed in periods outside the
12 of 18
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survey periods, that is, during crepuscular or nocturnal periods. Observations were made of two fatheryoung pairs in the last hour before daylight. These birds started feeding only half an hour before sunset.
The spatial distribution of Common Guillemots over the study area is patchy, with scattered
areas of higher densities and areas with no guillemots (Fig. 8). This contrasts with the situation in
July/August 1987 and July 2006, when Common Guillemots were highly concentrated near the front (as
approximated by the southern border of the area with high bottom slib content), with declining densities
further away (Fig. 10). Densities of guillemots did not correlate with fish densities (Fig. 9).

Figure 8. Results from the ship-based bird survey in the Frisian Front area during 2-6 August. Left
panel: density of Common Guillemots and fish tracks. Right panel: Lesser Black-backed Gulls and their
associations with fishing vessels, observation vessel or platforms. Background colour reflects the
presence of nearby fishing vessels. Many gulls associated with the ship during the fish sampling
(compare with fish track locations in left panel).

Figure 9. Densities of Common Guillemots (left panel) and number of Lesser Black-backed Gulls at the
stern of the ship at trawls (right panel) and interpolated total fish densities (horizontal axes), August
2009. No significant correlations were found.
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Figure 10. Densities of Common Guillemots as counted during ship-based bird survey in the Frisian
Front area during July-August 1987, July 2006 and during July-August 2009 (the current cruise), relative
to the southern border of the area with high bottom slib content. Note that in 2009, Common Guillemots
were more evenly spread over the area, whereas in 2006 and 1987, guillemots were concentrated just
north of the front, with declining densities further away.
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4. Discussion
Both fish sampling and echosounder scans revealed low densities of small pelagic fish near the water
surface during daytime. Daytime biomass of fish species known as prey for Common Guillemots (Sprat
Sprattus sprattus, Scad Trachurus trachurus, Whiting Merlangius merlangus and Mackerel Scomber
scombrus) did not correlate with observed Common Guillemot densities and only very few guillemots
were seen foraging during the day. A nocturnal fish sampling revealed higher fish biomass (especially for
Sprat) in the upper water layers after sunset and some Common Guillemots were observed during the
last hour of daylight and started diving at sunset. Increased diving activity during crepuscular periods
(the twilight zone) has been reported for Common Guillemots (Nevins et al. 2004; Hedd et al. 2009).
Suspending foraging to crepuscular periods when prey migrates upwards may energetically be
favourable, as diving depth can be minimized (which may especially demanding for chicks) and hunting
success may be higher (Helfman 1993). Whether Common Guillemots follow this strategy at the Frisian
Front requires tracking of individual birds over 24h periods.
Although MSFAs have been observed at the Frisian Front in 2006, none were observed during our 2009
survey. This can probably be explained by the absence of large fish schools and the low numbers of

potential MSFA drivers. The only potential MSFA driver present in good numbers – Common Guillemots –
were not foraging during daytime and therefore did not produce MSFAs diurnally. Hence, MSFAs could
not supply Lesser Black-backed Gulls with diurnal foraging opportunities. Lesser Black-backed Gulls

where mainly seen following the observation ship or – if within sight – following fishing vessels. This,

combined with the virtual lack of natural foraging behaviour indicate that at least during daytime, Lesser
Black-backed Gulls relied on fishing vessels discards rather than MSFAs during this study. Man thus
played an important role in making unavailable fish available to gulls, as was already suggested by
Leopold (1991).

Figure 11. Behaviour of Lesser Black-backed Gulls in absence and presence of fishing vessels during
2006 and 2009. In 2006, many gulls participated in multi-species feeding associations (MSFA) or
foraged by themselves, whereas in 2009, only a small part of birds did this. Remarkably, in 2006 many
birds participated in MSFAs despite the presence of fishing vessels. In 2009, the observer’s ship
attracted many gulls.
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Implications for the development of wind energy at sea
This project has given us a deeper understanding of explanatory variables for the distribution of birds at
sea. It has given us a set of innovative instruments to better survey the marine environment.
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