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Marine recreational fishing is a popular outdoor activity in Denmark, practised by both anglers and passive gear fishers. However, the
impact on the targeted stocks is unknown, so to estimate the 2009 harvest of cod Gadus morhua and eel Anguilla anguilla, two sep-
arate interview-based surveys were initiated and carried out in 2009/2010. The first recall survey exclusively targeted fishers who had
been issued with the mandatory Danish fishing licence. The second survey was designed to identify those who fish without a licence. It
was estimated that 1231 t of cod were harvested in 2009, corresponding to 4.8% of the entire Danish cod yield (recreational harvest +
commercial landings). Area differences were found, and, in certain areas, the recreational harvest of cod accounted for more than 30%
of the total yield. The majority (81%) of the recreational cod harvest was taken by anglers. Eels, however, are almost exclusively caught
with passive gear (fykenets) and a total of 104 t year ' was harvested, which corresponds to 19% of the entire Danish eel yield. The
inclusion of the harvest taken by fishers without a valid licence was important and added almost 20% to the estimated harvest.
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Introduction

Within Europe, the management of recreational fishing has so far
mainly been conducted on a national level and without including
the catches in either stock assessment or ecosystem-based manage-
ment (Lewin et al., 2006; Pawson et al., 2008). However, fishing
mortality due to recreational fishing has, in some areas, been esti-
mated to be comparable with or even more than that observed in
the commercial fishery (e.g. Coleman et al., 2004; Morales-Nin
et al., 2005), and in many EU member states, there is an increasing
awareness of its impact (Lewin ef al., 2006). As a consequence, the
EU Council has, since 2008, obliged member states to estimate the
recreational harvest as a part of the Common Fisheries Policy (EC,
2008). Due to this obligation, Denmark has initiated a recall survey
to estimate the harvest of cod Gadus morhua and eel Anguilla an-
guilla in Danish waters.

Denmark has ~5.5 million residents; 2.5 million on the
mainland—the Jutland peninsula—and the rest on islands.
Denmark has an extensive coastline that stretches over 7013 km
and most citizens live within 50 km of the coastline (Agerskov
and Bisgaard, 2011). Recreational fishing in marine waters has
therefore become an important national outdoor leisure activity.
Two major and fairly different categories of fishing can be

identified in recreational fishing; angling and passive gear
fishing. Passive gear fishing is carried out using stationary gear
such as gillnets and fykenets and is a tradition that has been prac-
tised for centuries. It resembles the commercial fishery in the sense
that the gear used is similar, but, unlike the commercial fishery, it
is illegal for recreational fishers to sell their catch. Furthermore,
there are effort restrictions by which each licence holder can
only fish with a total of six gillnets/fykenets, of which only half
may be gillnets. For recreational fishing, the length of the gillnets
may not exceed 39 m and they must be placed 100 m or more
away from the coastline and 500 m from most freshwater
outlets. These restrictions are mainly set up to protect seatrout
Salmo trutta trutta. Passive gear is typically deployed from small
boats with a very limited radius of activity, which in practice
means that this type of fishery is more or less limited to the near
coastal areas. The main target species in fykenets is eel
(Sparrevohn et al., 2009). Earlier, recreational fishing using eel
trawl and longlines was also practised, but eel trawling is now pro-
hibited and longline catches are limited. Since 1 February 2009, the
eel recovery plan (EC, 2007) has commenced a closing of recreation-
al eel fishing from 10 May to 31 July, a period which is intended to
result in a 50% effort reduction. Cod are caught with both gillnets
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and fykenets but mainly within certain areas and periods
(Sparrevohn et al., 2009; Sparrevohn and Storr-Paulsen, 2010).

The other major recreational fishing activity is angling, which is
carried out along the coastline, from constructions such as peers,
bridges, etc., or with boats as platforms. Besides closed seasons and
a minimum landing size for species such as cod and eels, there are
no-fishing zones around the mouths of some rivers and streams.
Excepting on a few salmon rivers, bag limit regulations are not
used in Denmark. In angling, the main target species is seatrout,
but garfish Belone belone, cod and salmon are also caught regularly
(Rasmussen and Geertz-Hansen, 2001). In a previous recall survey,
16.5% of the Danish population considered themselves anglers
and 12.5% claimed to have been fishing within the last year
(Bohn and Roth, 1997). Of these, 25% had mainly fished in
streams, 30% in lakes, and 27% in put and take ponds.
However, the majority of 73% had fished in marine waters. The
willingness of the Danes to pay for their recreational fishing is
among the highest in the Nordic countries (Roth et al., 2001;
Toivonen et al., 2004), which underlines the importance of this
leisure-based activity in Denmark.

Recall surveys are used to collect information on effort, catches
or harvest in the recreational fishing in most European member
states (ICES, 2010a). A recall survey is a type of off-site survey
that relies on collecting information through mail, telephone, or
Internet interviews, where respondents are asked to recall, e.g.
their catches, fishing pattern, or number of days fished, within a
specific time frame.

In Denmark, domestic as well as tourists anglers, between 18
and 65 years of age, have to purchase a licence for the price of
€19 for 1 year, €13 for 1 week, or €5 for 1d. Likewise, all
passive gear fishers have to pay €37year ' for a licence
(Table 1). Both types of licences are personal, non-transferable,
and can be bought online or at post offices (see www.fisketegn.
dk for further information on the licence system and how to pur-
chase a licence). Personal information of the purchaser, such as a
unique social security number and address, will be listed, regard-
less of how the licence is purchased. Therefore, the list containing
this information provides an easy and cost-efficient sampling
frame for contacting anglers and passive gear fishers. The reason
is that the number of persons who need to be contacted, e.g. in re-
lation to a recall-based interview survey, is reduced compared with
a situation where the entire population needs to be sampled.
Therefore, this particular type of survey was chosen to estimate
the harvest from Danish recreational fishing. The main drawback
is that recall surveys are known to be associated with several biases,
of which non-response and recall biases are the most dominant
(Tarrant et al., 1993; Connelly and Brown, 1995; Lyle et al,
2002; Vaske et al., 2003). Therefore, any recall survey should
ideally be supported by other sampling approaches, such as
diaries and/or onsite surveys (ICES, 2010a).

The present study has two main objectives; first, to present two
interview-based recall surveys providing estimates of eel and cod
harvest in Danish recreational angling and passive gear fishing,
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and second, to compare the quantity harvested in the recreational
fishery with the total yield, the latter being defined as the
commercial landings plus the recreational harvest.

Material and methods

A combined telephone and Internet survey was designed together
with Statistic Denmark which, besides assisting with constructing
the questionnaires, was responsible for the respondent contact.
Two recall surveys, with their own questionnaires and group of
respondents, were carried out. The first survey, the “licence list
survey”, specifically targeted that part of the Danish population
with a valid annual fishing licence. When a licence is issued, the
Danish social security number of the purchaser is registered, pro-
viding an efficient way to contact these persons. However, the list
does not cover: (i) tourists (since they do not have a Danish social
security number), (ii) those fishing without a valid licence, and
(iii) people with a valid reason not to have a licence. The second
survey, the “omnibus survey”, targeted a subsample of the entire
Danish population. This survey was intended to estimate the
number of fishers who fished without a valid licence and with
how much effort they did so. In this survey, no questions
concerning their harvest were asked.

Licence list survey

This recall survey targeted fishers with an annual licence valid on
1 February 2010 when the interview was initiated. Since two lists
are available, one for anglers and one for passive gear fishers,
two surveys were conducted using almost identical questionnaires.
Respondents were randomly selected and initially contacted by
letter, wherein they were encouraged to fill out the questionnaire
on the Internet. If no answer was received within a week, the re-
spondent was contacted by telephone up to six times, and if
contact was made, they were given the opportunity to answer
the questionnaire over the phone. The questionnaire contained
detailed questions on species harvested and fishing effort within
the last 12 months. The respondent was explicitly told only to
report those catches that were kept (i.e. the harvest) and not to
include discarded or released fish. To estimate harvest by ICES
managing areas and quarters, the respondents were asked to
provide the information on that level, facilitated by enclosing a
Danish version of the map shown on Figure 1 in the letter. In
the Danish licence system, it is also possible to issue a licence
that is valid for 1 d or 1 week. However, the number of these
issued is small compared with the number of annual licences
(Table 2). Therefore, no separate interview was conducted for
these, although they were accounted for in the total harvest estima-
tion [Equation (2)]. There are legitimate reasons for anglers not to
have a licence: (i) persons younger than 18 years or older than 65
years, (ii) private landowners fishing in their own waters, and (iii)
put and take angling. In contrast, all passive gear fishers are obliged
to purchase a licence before being allowed to fish. Purchasing a
licence for passive gear fishing automatically gives the right to
angle as well and in order to include this group of persons in

Table 1. Number of angler and passive gear year licenses issued, during the period 1999 -2009.

1999 2000

2001 2002 2003

2004° 2005 2006 2007 2008 2009°

Anglers 150 526 151529 156 769 150 925

152 534
Passive gear 33575 31709 33715 33888 33516

- 160 942 156 474 160 664 160 186 156 000
- 33430 34277 33787 35221 34000

*No data available.
bSupplementary data.
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Figure 1. Map of areas sampled. The Eastern Baltic corresponds to ICES subdivision (SD) 25, the Arkona Sea to SD 24, the Sound to SD 23, the
Belt Sea to SD 22, and the Kattegat to SD 21. The Skagerrak and North Sea are SD 20 and 1Vb, respectively. In ICES Limfjorden is a part of IVb,
but since this area has an important recreational value, it was treated as an independent area.

Table 2. Values used in Equation (1) to estimate passive gear fishery and angling harvest.

License (p) Effort (&)
Respondents (n) Year (a) Week (w) Day (d) Without (m) Year (a) Week (w) Day (d) Without (m)
Passive gear 1585 34000 - - 13520 247 - - 13.6
Angling 1929 156 000 17 800 22200 98 894 9.2 3 1 32

Effort is in days per year.

the survey, all passive gear fishers were asked whether they also
angled, a group then referred to as “angling with a passive gear
licence”. Therefore an additional interview was, conducted with
this group to estimate their harvest when angling.

In the licence list surveys, the respondent had the opportunity to
report harvest by either weights (kg) or numbers. To provide all esti-
mates in weight, it was necessary to multiply the number with a
mean fish size. The average size of eels and cod above the
minimum landing size caught in the passive gear fishery was
taken from Sparrevohn et al. (2009). Eel larger than the minimum
landing size caught in fykenets was set to an average length of
47 cm, corresponding to a weight of 188 g. Cod caught in fykenets
above the minimum size was set to 39 cm, corresponding to a
weight of 540 g. Cod caught in gillnets was set to 47.5 cm, which
corresponds to 975 g. Since no estimate on the average weight for
cod caught angling was available, a value of 1500 g per fish was used.

Omnibus survey

The omnibus survey consists of monthly telephone interviews
carried out by Statistic Denmark where questions are asked on
behalf of, for example, companies, newspapers, and research

institutes. Questions concerning recreational fishing were embed-
ded during the October, November, and December omnibus in
2009. The practice for the omnibus survey is that a random
phone number is dialled and the interview carried out if the
person is between 16 and 74 years. After a series of
non-fishery-related questions, respondents were asked if they
had fished within the last 12 months and, if so, whether a
licence had been purchased or not. Those without a licence were
asked for their reason for not having one. Furthermore, respon-
dents were asked how many days they fished to estimate whether
people fishing without a licence did so with the same effort as
people with a licence. Respondents in the last two interview
rounds were asked if they had fished as tourists outside
Denmark within the last 12 months and, if so, in which countries.

Analytical methods

Estimating the total harvest of cod and eels in the Danish recre-
ational fishing was done by initially estimating the harvest based
on the reported data from the licence list recall survey. These
values were then extrapolated to the entire population of fishers
(all licence holders and fishers without a licence) using the
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information collected during the omnibus survey. Different efforts
for those fishing without a licence vs. those with a weekly or daily
licence were accounted for in the calculation. To compute the total
harvest (171-]-) of either cod or eel per quarter (i) and area (), the
following equation was used:

1jj
s
7 = Lty M

where 7 is the number of respondents and y the reported harvest
per respondent (k). The total population N is computed as:

&y &4 Em
N:<pa+pw;a+pd;a+pm:a>’ (2)
where p is the number of licences issued being valid for a year (a),
week (w), or day (d). The number fishing without a licence ()
was computed using the estimated percentage that fished
without a valid mandated licence (Table 3), multiplied by the
actual number of Danish citizens between age 18 and 65, which
on 1 January 2010 was 3416369 persons (Agerskov and
Bisgaard, 2011). The values were weighted with the fishing effort
&, which, for those holding an annual licence, was derived from
the omnibus survey and assumed to be 1 d for those holding a
daily licence and 3 d for those holding a weekly licence. All
values used can be found in Table 2.

To estimate the standard error of Equation (1), a new variable
(v;) is defined, where y;; = y; if a unit is in the ij domain and 0
otherwise. This means that if a given respondent has not reported
any harvest in a given domain then the harvest in that domain is
set to zero. The computation is done according to Cochran

(1977, p. 37) as:
N Ns'
s(¥) = 7%,/1 - (%) (3)

where s is calculated as:

22 1 - /2 Yl/]2
e\ ) @

ij=1

The relative standard error (RSE) was computed as the standard
error divided by the estimate. According to the EU Council, the
quarterly harvest in each area should be expressed at a level 1
standard. This requires that the 95% confidence level must not
exceed +40% of the estimate, which is identical with an RSE
lower than 20.4%.

Table 3. The number of omnibus survey respondents.

C. R. Sparrevohn and M. Storr-Paulsen

Results

Licence list survey

In all, 2111 persons holding a passive gear licence were contacted
by letter, and of these, 1585 participated in the recall survey with
959 answering via the Internet and 626 via the telephone interview.
Only 50 persons refused to participate, but a further 476 persons
did not have a telephone number, could not be reached, or
could not be interviewed due to language problems. Despite
holding a valid licence, 39% answered that they had not fished
within the last 12 months. Out of the persons interviewed, a
total of 167 fished exclusively with fykenets and 500 fished with
gillnets only, whereas 281 fished with both the types of gear. In
addition, 11 fishers fished with gear such as traps and shrimp
nets, which were not further analysed. In all, 2724 anglers were
contacted by letter; 734 did not have a telephone or could not
be reached, 61 refused to participate, and 1929 participated in
the recall survey. The majority, 1129, answered via the Internet
and 800 via the telephone. In all, 73% had been fishing within
the last 12 months and cod were caught and kept by 16%.

Omnibus survey

During October, November, and December 2009, a total of 958,
957, and 968 persons was interviewed, respectively. When asked
whether they had fished within the last 12 months, 133, 149,
and 125, respectively, were identified. Approximately 10% of
those fished with passive gear and 90% were anglers. For both
anglers and passive gear fishers, approximately half had a licence
and half did not. Excluding the group that had a valid reason
for not holding a licence, 23 and 28% of all anglers and passive
gear fishers, respectively, were estimated to fish without a licence
(Table 3). The effort for anglers fishing without a licence was ap-
proximately one-third compared with anglers with a licence,
whereas the effort was about half when it came to passive gear
fishers (Table 2). The percentages that fished in other countries
were 2.8, 2.1, and 3.3%, and Sweden plus Norway were by far
the most important countries visited (Table 4). The main part of
the tourist fishers (~60%) reported only one trip to other coun-
tries, although some reported as many as 12.

Estimated harvest

The 2009 harvest of eels in fykenets was estimated to be 104t
(RSE = 13%) with an unequal distribution between areas and
quarters. The majority of eels were harvested from August to
October and almost half was taken in the Belt Sea (Table 5). The
total cod harvest, covering both angling and passive gear fishing,
was estimated to be 1231 tyear '. The smallest harvest was in
the fykenet fishing, where only 21t (RSE = 17%) were caught

Month Respondents Category Question 1  Question 2 Valid reason Invalid reason Active fishers (%) Invalid reason (%)
December 968 Angling 116 58 30 28 12.0 24.1

Passive gear 9 7 0 2 0.9 222
November 957 Angling 132 69 33 30 13.8 227

Passive gear 17 8 2 7 18 412
October 958 Angling 119 59 34 26 124 21.8

Passive gear 14 8 3 3 1.5 214

Questions 1 and 2 show the number of respondents that answered yes to “Have you fished within the last 12 month?” or “Have you been issued with a
license?”, respectively. If the respondent did not hold a license, they were grouped according to whether they had a valid reason or not. Active fishers are

those that have fished, with or without a license, within the last 12 months.
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Table 4. The numbers of respondents declaring to angle outside
Denmark in the October, November, and December omnibus
surveys, respectively.

October November December
Sweden 11(39228)  7(24989) 16 (56 469)
Norway 9(32095)  3(10710) 6 (21176)
Faroe Island 3 (10 698) 2 (7 140) 0 (0)
Greenland 1 (3 566) 0 (0) 2 (7 059)
Rest of Europe 4 (14 265) 3 (10 710) 7 (24 705)
Rest of the world 3 (10 698) 6 (21419) 5 (17 647)
Numbers that angled 28 (99852)  20(71397) 32 (112938)

outside Denmark

The number in parenthesis is the number of respondents scaled to the
Danish population between age 18 and 65, which on 1 January 2010
corresponded to 3 416 369 persons (Agerskov and Bisgaard, 2011).

and kept per year. In the gillnet fishery, it was estimated that 219 t
(RSE = 24%) were harvested per year and that the largest part
(39%) was taken during the period February to April. In all,
62% of the respondents holding a passive gear licence also
angled. When angling, this group harvested 226 t cod per year
(RSE = 11%), with the majority taken in the North Sea and
Skagerrak. The total harvest of cod in 2009 by passive gear
fishers was estimated to be 465t (RSE = 12%). Anglers with an
angling licence harvested the majority, 763.0 t year ' (RSE =
6%), with 31% taken in the Sound. On the most detailed
domain level (area and quarter), the RSE was on average 53%
and, only in three domains, it was lower than 20%.

Discussion

So far, recreational fishing has in general been considered to be of
low efficiency and, therefore, unable to harm or impact the tar-
geted fish stocks. This is exemplified by the fact during the
period 1990-2000 only a marginal number of those papers
dealing with declines or collapses of fisheries (13 of 4904) in
high impact North American journals has dealt with recreational
fisheries (Post et al., 2002). There are, however, some indications
that recreational fishing can affect the fish population even in
the marine environment (Pollock, 1980; Schroeder and Love,
2002; Morales-Nin et al., 2005; Lewin et al., 2006) and it has
been suggested that the worldwide harvest from recreational
fishing represents 12% of the total fish yield (Cooke and Cowx,
2004). This corresponds well with the present study, where recre-
ational fishing for cod accounted for 4.8% of the total yield (i.e.
recreational harvest plus commercial landings), but in some
areas was as high as 33% and thus comparable to the landings in
the commercial fishery. Similarly, the recreational fishing for eels
was found to account for 19% of the total annual yield.

Eel harvest

Eels are almost exclusively caught in fykenets with a total harvest of
104 t in 2009. Since fykenets deployed in salt water are rather sen-
sitive to wave action and current, this fishing is mainly carried out
in the inner Danish waters, more specifically in wind- and wave-
protected fjords, belts, and sounds. This is reflected in the very
low harvest of eels in the North Sea, Skagerrak, and Eastern
Baltic. The Belt Sea was the area with the highest harvest of eels,
followed by the Kattegat and Limfjord. In a 1997 recall survey,
the total annual harvest of eels in the legal recreational fishery
was estimated to be 138 t, which at that time corresponded to
20% of the total landings (EC, 2007), a figure very similar to the
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19% estimate in the present study. That the harvest only decreased
by 34 t was to some extent unexpected, as a couple of factors were
thought to have decreased the recreational harvest during the latter
years. First, the eel stock has continuously decreased (ICES, 2009)
and, second, on 1 February 2009, an eel recovery plan was imple-
mented with the goal of decreasing the effort by 50%. This meant a
closure of recreational fykenet fishing from 10 May to 31 July, a
period which was earlier known to have a high catch per unit
effort (cpue) of eels (Pedersen et al., 2005).

Cod harvest

The present study found that in 2009, a total of 1231 t cod was har-
vested in the Danish recreational fishing, a quantity corresponding
to 4.8% of the total Danish cod yield that year. The recreational cod
harvest was, however, very unequally distributed between areas and
fishing categories. The main part (81%) of cod was harvested by
anglers, whereas the remaining 19% was taken in the passive gear
fishing, mainly with gillnets. Annual commercial landings in the
Sound [ICES subdivision (SD) 23] have fluctuated around 1900 t
(ICES, 2010b) in the period 2003—2008. However, a spatial and
temporal closure (to protect cod in the main spawning season)
of the Sound commencing in early 2009 reduced the commercial
landings to 567 t in that year (ICES, 2010b). Consequently, recre-
ational fishing accounted for 33% of the total Danish cod yield in
the Sound and angling alone for 30%. The angling catches might be
even higher, since the cod harvest reported in numbers was con-
verted into weight assuming an average mass of 1500 g. The
average weight of cod caught and kept by anglers in the Sound is
probably somewhat higher at least during winter, when spawning
fish are targeted and fish >10 kg are caught regularly. However, al-
though the Sound was the area with the highest total recreational
harvest of cod, it does not necessarily reflect an overfishing of the
stock. Actually, the Sound cod is considered to be in a relatively
healthy condition, with a high cpue and a wide age distribution
compared with the adjacent waters (Sveddng et al, 2004;
Sveddng et al., 2010). In the western (SD 22-24) and the eastern
(SD 25-32) Baltic, Danish commercial fishing for cod accounted
for 8438 and 8295t in 2009, respectively (ICES, 2010b). In this
light, recreational fishing was relatively high for the western and
minor for the eastern Baltic and accounted for, respectively,
6.9% and <1% of the total cod yield. In the Kattegat, 36.9 t cod
were harvested in recreational fishing annually; 33.5 t in angling
and 3.3 t from gillnet and fykenet fishing. However, due to the
current very low commercial landings (134 t in 2009), the recre-
ational harvest is equivalent to 22% of the total Danish cod yield
in this area. That the recreational harvest accounts for the same
relative amount of the total yield as observed in the Sound is
a result of the low commercial landing for this area rather than
a large recreational fishery. Looking at the absolute values, the
recreational cod harvest in the Kattegat was tenfold lower than in
the Sound.

In the North Sea and Skagerrak, commercial Danish 2009 land-
ings were estimated by ICES to be 4406 and 3018 t, respectively
(ICES, 2010c). The catches in the recreational fishing from these
areas were estimated to be 196 and 286 t year™ !, corresponding
to 4.3 and 8.7% of the cod yield in these areas.

The estimated harvests presented here might even be an under-
estimation of the recreational fishing impact on the stock. Not
only the actual harvest should be considered, but also the indirect
impact of a raised mortality of those fish caught then released
(Cooke and Cowx, 2004; Ferten, 2011).
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Table 5. Cod and eel harvest (Y) in t year ' with corresponding RSE.

Central North

Sea Skagerrak Limfjorden Kattegat The Sound Belt Sea Arkona Sea Eastern Baltic Total
Y RSE h Y RSE h Y RSE h Y RSE h Y RSE h Y RSE h Y RSE h Y RSE h Y RSE h
Eel harvest in fykenets
February — April - - 0 - - 0 07 57 5 16 37 11 0 - 0 71 40 25 10 56 5 - - 0 104 29 46
May - July 03 60 3 00 98 1 2.1 65 11 12 51 7 05 61 4 3.1 44 28 07 80 3 02 98 1 81 26 58
August — October 30 56 9 0.7 65 4 9.2 20 40 236 45 55 55 38 18 324 20 143 72 26 30 08 53 4 824 16 303
November —January 00 69 2 00 98 1 0.3 91 2 04 69 3 01 73 2 23 38 18 04 65 4 00 98 1 35 28 33
Total 33 51 14 07 61 6 123 19 58 268 40 76 60 35 24 449 16 214 93 22 42 10 46 6 1044 13 440
Cod harvest in fykenets
February — April - - 0 - - 0o 0 - 0 0 - 0 0 - 0 1.1 51 4 08 98 1T - - 0 20 51 5
May -July - - 0 - - 0o 0 - 0 00 98 1 0 - 0 04 67 3 - - 0o - - 0 04 64 4
August — October 0.1 98 1 - - 0 0.4 59 4 2.1 41 15 28 44 7 1.0 27 55 06 58 4 - - 0 168 20 86
November - January - - 0 - - 0 0 - 0 0 - 0 0 - 0 1.5 44 6 00 98 1 - - 0 1.5 43 7
Total 0.1 98 1 - - 0 04 59 4 22 41 16 28 44 7 140 22 68 14 61 6 - - 0 208 17 102
Cod harvest in gillnets
February - April 35 56 7 449 87 14 1.6 98 1 0 - 0 69 54 10 125 44 23 139 53 8 10 67 3 844 48 66
May-July 25 48 7 16 58 5 03 98 1 01 65 3 28 39 9 43 29 19 27 56 6 27 43 6 170 17 56
August — October 04 69 3 304 85 7 0.8 61 3 05 48 7 34 46 1Al 9.0 34 39 133 77 10 45 46 7 624 45 87
November —January 08 73 2 222 7 2 0 - 0 06 73 3 6.4 50 14 210 57 23 39 45 8 - 0 548 37 62
Total 72 33 19 9971 50 38 26 63 5 12 40 13 196 27 44 468 29 104 339 38 32 83 30 16 2186 24 271
Cod harvest angling with a passive gear license
February - April 63 35 10 229 58 20 0 - 0 05 64 3 63 26 27 58 39 24 51 41 10 69 61 7 538 27 101
May - July 105 34 23 170 28 9 0 - 0 28 59 7 46 28 17 55 29 27 103 44 12 90 54 9 597 15 114
August — October 314 51 23 169 37 19 0 - 0 09 52 6 94 26 35 72 25 39 98 37 12 56 47 9 813 22 143
November —January 48 47 6 99 44 12 0 - 0 07 83 2 48 27 23 62 24 31 13 69 2 32 48 5 309 18 81
Total 531 32 62 667 24 70 0 - 0 49 38 18 251 14 102 247 15 121 266 24 36 246 29 30 2258 11 439
Total cod harvest on passive gear license
February — April 98 30 17 678 60 34 1.6 98 1 0.5 64 3 132 31 37 195 30 51 199 39 19 79 54 10 1402 30 172
May -July 129 29 30 187 26 24 03 98 1 30 56 11 74 23 26 102 20 49 131 37 18 118 42 15 772 12 174
August — October 319 51 27 473 56 26 1.1 46 7 35 29 28 156 20 53 272 17 133 238 46 26 10.1 33 16 1606 21 316
November —January 56 42 8 321 51 240 - 0 13 57 5 113 31 37 287 42 60 52 37 1 32 48 5 872 24 150
Total 603 28 82 1658 31 108 3.0 56 9 83 25 47 475 13 153 855 17 293 619 23 74 329 23 46 4652 12 812
Cod harvest angling with a angling license
February - April 316 28 16 402 33 18 - - 0 39 65 4 716 18 73 347 41 24 107 58 5 61 37 14 1989 13 154
May-July 271 31 16 373 28 19 04 100 1 99 38 12 589 20 55 409 42 27 123 49 8 184 41 14 2052 13 152
August — October 452 30 17 278 27 22 02 100 1 109 36 16 416 17 56 385 25 39 148 57 7 180 50 14 1970 12 172
November—January 321 44 9 148 48 6 03 100 1 39 55 6 615 22 64 407 35 31 74 47 6 38 34 14 1644 15 137
Total 1360 17 58 1201 16 65 09 60 3 286 22 38 2336 10 248 1548 18 121 450 28 26 463 26 56 7654 6 615

The number of respondents that reported a harvest within a given domain is denoted h.
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Using interview-based recall survey to estimate cod and eel harvest

Sources of errors

Relying on respondents’ ability to remember catches or effort
within a specific period is subject to several sources of bias, such
as digit preference, telescoping, non-response bias, and rule-based
estimation. Digit preference is when the respondent will have a
tendency for rounding figures to 0 or 5, a tendency that typically
will increase with increasing recalling period (Huttenlocher
et al., 1990; Tarrant and Manfredo, 1993). In this study, we did
see a tendency for some digit preference, especially when reporting
the harvest in weight, but whether this would increase or decrease
the total estimated harvest is difficult to decide. Telescoping is
when respondents report an event, such as the capture of a
trophy fish, although it actually happened outside the time
frame asked. This could mean an overestimation, especially in
the angling harvest of cod, where some trophy fishing takes
place. The bias introduced by non-response emerges as the
fishers with the lowest participation rate will have the highest non-
response rate (Tarrant and Manfredo, 1993), but since the non-
response rate in the present survey was low, this is not likely to
have caused any major problems. Another potential source of
bias is recall bias where the respondents are unable to recall
their catches and effort correctly. This is partly due to a general
tendency to exaggerate the participation rates in recreational
events, including among fishing (Tarrant et al., 1993). This over-
estimation of the participation rate can indirectly lead to an over-
estimation of the harvest, if a rule (multiples) is applied by the
respondent when trying to remember the catches during a given
time frame. Typically, an average catch per trip is memorized
then multiplied by the assumed number of trips (Vaske et al.,
2003). For fishing, it has been estimated that the effort was over-
estimated by 45% in a 12-month recall period compared with
diaries (Connelly and Brown, 1995), and hence, this could
impose a large overestimation in the present study, especially for
the passive gear fishing, where several fish are typically caught
during one single fishing event. This should be investigated
further, e.g. as suggested by the ICES Planning Group on
Recreational Fisheries (ICES, 2010a) by a dual frame approach
where recall surveys are supported by either diaries or on-site
surveys, such as access point interception or aerial-based counting
(Volstad et al., 2006).

Finally, an important source of errors can emerge while using
a mean fish size to transform the harvest reported in numbers
into weights. In the present study, we used one single species-
specific average weight for all areas/quarters, although the
minimum landing size differs between areas and the average
weight will probably also fluctuate between seasons. For eels, the
minimum landing size is 38 cm except for the Limfjord, where
the size is 35.5 cm. However, this is unlikely to make any
changes, as the weight difference between these two sizes is only
20g. For cod, the minimum landing size is 30 cm in the
Skagerrak /Kattegat, 35 cm in the North Sea, and 38 cm elsewhere.
These rather large differences can potentially become a source of
error and are a subject that could ideally be investigated using a
diary survey approach.

Although several biases might appear in the type of recall
surveys presented here, the margin between respondents claiming
to have a valid licence and the actual number of licences issued was
very small. In 2009, the preliminary number of licences issued—
including week and day licences—was 230 000, which is close to
the 229 000—275 000 estimated in the omnibus survey.
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The angler recall survey targets only Danish citizens, and if the
tourist harvest was to be examined, it would require an alternative
survey approach (Voelstad et al., 2011). In our study, around 3% of
the Danes interviewed had fished as tourists in other countries, es-
pecially Sweden, which is very close and easily accessible. There is
no precise estimation of the number of tourists travelling to
Denmark to fish, but the potential number of angling tourists is
high. In Germany, there are around 3300000 anglers (Anon.,
2007) and of the Berlin—Brandenburg population around half
claimed to have been on an angling holiday within the last year
(Arlinghaus et al., 2008).

When estimating the harvest, the precision for the passive gear
estimates was, in general, lower than for angling. When computing
the RSE, it is assumed that the population sampled is infinitely
large compared with the sampling size, and if this assumption is
not met, then the RSE tends to be overestimated. However, as
long as the number of respondents does not exceed 5% of the
population surveyed, the finite population correction can be
ignored and the overestimation will be minor (Cochran, 1977,
p. 24). Less than 1% of the total number of anglers was included
in the survey, but for passive gear fishers, 4.6% of the population
was actually sampled. Hence, at least some of the higher RSE is
caused by the estimation method that does not include finite
population corrections. The heterogeneity of anglers and their be-
haviour patterns are unquestionably important and have been
investigated in several papers (Arlinghaus et al., 2008; Johnston
et al., 2010), but whether these results can be applied to passive
gear fishers is not known.

Conclusion

Using a licence list recall survey and including those fishers that
were fishing without licence showed that the recreational harvest
was, in some areas, comparable with commercial landings. This
is partly a result of decreasing commercial landings, rather more
than it actually illustrates the magnitude of the recreational
fishery. Nevertheless, it exemplifies that especially when stocks
are overfished and below their natural size, fishing mortality
caused by recreational fishing can be an important factor that
should be accounted for in the stock assessment, recovery plans,
and ecosystem bases management. The harvest of fishers without
a valid licence was important, as it increased the estimated harvests
by 20%. Hence, recall surveys designed to estimate harvest and
catches should not only be based on the fishing licence list but
also include those fishing without the mandatory licence.
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