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Large-scale and population-wide monitoring of waders on their boreal and arctic
breeding grounds has hitherto been lacking, mainly because logistics are truly
challenging in regions with few ornithologists, vast areas and few roads. In
Norway, Sweden and Finland (here ‘Fennoscandia’) there are now national
monitoring schemes in place, aimed at tracking all bird species, which allows
trends to be estimated for northern wader populations. We present joint
Fennoscandian population trends for 24 wader species, covering the period
2002–2013 (in some cases somewhat shorter time periods). The data stem from
1263 routes in Norway, Finland, and the northern two thirds of Sweden, all situated north of 58°N. This area of one million km2 largely coincides with the boreal
and arctic parts of Fennoscandia. The trends found are rather evenly distributed
between strong increases and strong declines. Trends do not differ between
short- and long-distance migrants, nor do they vary in relation to breeding latitude. Ringed Plover Charadrius hiaticula, Wood Sandpiper Tringa glareola,
Green Sandpiper T. ochropus and Common Redshank T. totanus had significant
positive trends, whereas Common Snipe Gallinago gallinago, Ruff Philomachus
pugnax and Spotted Redshank Tringa erythropus were declining significantly in
numbers. Trends could be calculated even for relatively uncommon breeding
birds such as Temminck’s Stint Calidris temminckii, Eurasian Dotterel Charadrius morinellus, Broad-billed Sandpiper Limicola falcinellus, Jack Snipe Lymnocryptes minimus and Red-necked Phalarope Phalaropus lobatus, although
these trends build on few routes and individuals, and thus have low precision.
The monitoring schemes in Norway and Finland are expected to increase in
coverage in the coming years, with up to a total of 1555 northern routes being
tracked when the schemes are fully developed. This should enable still more
robust trend estimates for northern waders on their Fennoscandian breeding
grounds to be calculated in the future.
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Monitoring changes in population size is a basic
component of nature conservation, species protection
and management. Such monitoring preferably takes
place on the breeding grounds, to enable estimates of
changes in breeding population size with high geographical accuracy. Waders and ducks are avian taxa of
high public interest, but many of them breed partly or
exclusively in boreal and arctic areas of the world

(Wetlands International 2012). In these high latitude
areas, normally only few ornithologists are active, logistics are difficult and therefore, monitoring is both difficult and costly. Most monitoring of arctic- and borealbreeding wader populations (from now on ‘northern
waders’) is therefore confined to the non-breeding
season, normally during migration (Waldenström &
Lindström 2001, Hedenström 2004, Bart et al. 2007) or
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in the winter quarters (Wetlands international 2012).
For some species, this actually has advantages, because
large parts of the population winter at a few sites only.
However, for most species and situations, non-breeding
monitoring comes with some difficulties, such as separating out breeders from non-breeders, knowing from
which breeding areas the study populations originate,
and knowing whether changes in stopover length have
influenced the number of birds counted (Ydenberg et
al. 2004, Bart et al. 2007). Further, at a given site, true
population changes can be difficult to separate from
climate-induced changes in winter or migration distribution (Austin & Rehfisch 2005). For example, when
numbers drop over time at a given winter site, the
cause may be that the focal population now winters
further north due to milder winters (‘short-stopping’,
Elmberg et al. 2014). Wintering distribution changes
have already been documented in European waders
(Maclean et al. 2008).
The westernmost part of the boreal and arctic zone
of the Palearctic is situated in the Nordic countries of
Finland, Sweden and Norway (here ‘Fennoscandia’).
Monitoring of waders has been carried out at a few
places in northern Fennoscandia since the mid 1900’s
(Hildén & Hario 1993, Väisänen et al. 1998, Svensson
2006, 2007, Svensson & Andersson 2013), but largescale monitoring schemes covering northern waders at
their breeding grounds has largely been lacking in
Fennoscandia, as in other parts of the world (but see
Rakhimberdiev et al. 2011 for an example of trend estimates based on qualitative monitoring data). This
general lack of monitoring on the breeding grounds is
unfortunate since northern habitats are expected to
change particularly rapidly due to climate change
(Huntley et al. 2007, Gonzalez et al. 2010) and there
are indeed a multitude of effects this could have on
northern waders (Lindström & Agrell 1999, Tulp &
Schekkermann 2008). Further, waders as a group are
doing poorly world-wide, where almost 50% of the
Scolopacidae and 35% of the Charadriidae populations
are declining (Wetlands International 2012).
The monitoring situation for northern waders is
now about to change in northern Europe due to the
recent development of three complementary and largescale, national bird monitoring schemes in Fennoscandia. We present the protocols and extent of these
monitoring schemes as well as the first ever decadelong trends for more than 20 northern wader species
from their breeding grounds. Furthermore, we analyse
the trends in relation to the species’ migration behaviour, since in other avian taxa long-distance migrants
have declined in general compared to other groups

(Sanderson et al. 2006). Since southern bird species in
Europe have been doing generally better than northern
species in recent times (Jiguet et al. 2010), we also
analyse population trends in relation to the breeding
latitude of the species.

MATERIAL AND METHODS
The region we cover in the analysis is the whole of
Norway and Finland, and the northern two thirds of
Sweden (with the southern border including the counties of Värmland, Dalarna and Gävleborg). All routes
included are situated north of 58°N (Figure 1). This
delimitation largely coincides with the boreal, montane
and arctic regions of Fennoscandia, although the
coastal areas of southernmost Norway and Finland are
normally assigned to the boreo-nemoral zone (Ahti et
al. 1968). The land area covered is approximately one
million km2 and our study period covers the years
2002–2013.
National monitoring schemes
All data originate from three unique, but methodologically similar, national monitoring schemes aimed at
monitoring breeding birds of all bird species. All three
schemes build on a web of systematically distributed
routes, to be surveyed once a year in late spring or
early summer, including 1555 routes in total (Figure 1,
Table 1). The systematic spread of routes ensures that
the different common habitats are covered in direct
proportion to their surface area, distribution and characteristics. All routes are line transects with some
methodological differences between schemes (see
below).
In Norway, the system (‘TOV-E’) includes 493 sites
randomly selected among 1030 sites distributed
systematically in an 18 km north-south and 18 km eastwest network. Counting of birds is done by point counts
at 20 points which are situated 300 m apart and form a
1.5 × 1.5 km square. In addition, all observations of
non-passerine birds (and a few pre-selected passerine
species), observed while moving between the counting
points, are registered. The number of observations for
each sampling route is the sum of observed pair equivalents of birds at the counting points (5 min counting
period at each point) and while moving between
counting points (Kålås & Husby 2002). For some of the
routes, the number of counting points can be less than
20 (but always >12) because of reduced availability
(lakes, cliffs, rivers, etc.). Generally, counts are done
between 23 May and 14 July (latest dates in north), in
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Norway

Finland

Figure 1. The map shows the 1263 census
routes north of 58°N surveyed at least twice
in 2002–2013, and where waders were
observed (black dots). Also shown are the
34 routes surveyed twice or more but where
so far no waders were observed (grey dots),
and 258 routes surveyed only once, or not
yet visited (white dots). In total there are
1555 routes. Only data from the black dots
are included in the trend analyses.

Sweden

suitable weather conditions and between 4:00 and
10:00 am local summer time. In total, 314 of these
routes were counted at least twice in the period
2006–2013. At least one wader was observed on 302 of
these routes and these are the routes included in the
trend analyses. Between 34 and 254 routes were
surveyed annually and each route was surveyed on
average 4.4 times (range 2–8). Surveys in the northernmost part of Norway have been initiated only in the last
few years and therefore relatively few routes from this
area are contributing to the trends (Figure 1). The plan
is that all Norwegian routes will have been surveyed at
least twice by 2017.
In Sweden there are in total 716 systematically
distributed routes (‘the Fixed Routes’), with 25 km
between routes in both north-south and west-east
directions. Each route is an 8 km line transect, shaped
like a 2 × 2 km square (Lindström et al. 2013). The
survey starts in the southwest corner of the route at
4:00 am local summer time and the surveyor should
walk at a speed not exceeding 30–40 min/km.

Table 1. The annual number of routes surveyed in each country
in 2002–2013, as well as the total number of surveys and unique
routes. Each route was surveyed at least twice during 2002–
2013 and waders were observed in at least one of the years.
Year

Norway

Sweden

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

0
0
0
0
34
100
139
157
183
223
254
246

161
220
221
222
226
274
387
318
295
266
284
300

0
0
0
0
101
120
155
156
157
186
181
198

161
220
221
222
361
494
681
631
635
675
719
744

1336
302

3174
496

1254
465

5764
1263

Σ surveys
Σ routes

Finland

Total
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However, speed may be lower than this due to difficult
terrain. Accordingly, the surveyor returns to the starting
point 5–7 hours later. All individual birds heard and
seen along the route are counted. The surveyor is
allowed to deviate up to 200 m from the planned route.
When larger detours are needed, due to water bodies,
steep slopes or glaciers, the counting stops and is
resumed when the surveyor can get within 200 m of
the line again.
The Swedish Fixed Routes programme has been
running since 1996, but the coverage in the north was
not very good in the first years of the survey. We therefore start using data from 2002 onwards. In 2002–
2013, all but one of the 497 routes in the focal area
were surveyed at least twice, and accordingly, data
from 496 routes are included in the analysis (Figure 1).
Between 161 and 387 northern routes were surveyed
annually and each route was surveyed on average 6.4
times (range 2–12). A few tens of very distant routes
are reached by helicopter each year. The timing of the

surveys varied between 18 May and 19 July (later dates
the further north), with the vast majority of the
censuses carried out in June.
In Finland, a countrywide system of 565 randomly
chosen fixed line transect routes was established in
2006 (Väisänen 2006), with 25 km between routes. A
route is 6 km long, shaped like a 1 × 2 km rectangle.
Surveys have been conducted between 27 May and 9
July during early morning, normally between 4:00 and
9:00 am local summer time, in fair weather with weak
or no wind. The surveyor should walk at a speed of
45–60 min/km, depending on the density of birds
(Lehikoinen 2013). In total 487 routes were counted at
least twice in the period 2006–2013 (Figure 1). At least
one wader was observed on 465 of these routes, and
these are the routes included in the trend analyses.
Between 101 and 198 of the 465 routes were surveyed
annually and each route was surveyed on average 2.7
times (range 2–8). All Finnish routes will probably have
been surveyed twice by 2016.

Table 2. The annual number of encountered waders (pair equivalents or individuals, see text) in northern Fennoscandia during
2002–2013.
Species
Common Sandpiper
Ruddy Turnstone
Dunlin
Purple Sandpiper
Temminck’s Stint
Little Ringed Plover
Ringed Plover
Eurasian Dotterel
Common Snipe
Great Snipe
Eurasian Oystercatcher
Broad-billed Sandpiper
Bar-tailed Godwit
Black-tailed Godwit
Jack Snipe
Eurasian Curlew
Whimbrel
Red-necked Phalarope
Ruff
European Golden Plover
Eurasian Woodcock
Spotted Redshank
Wood Sandpiper
Common Greenshank
Green Sandpiper
Common Redshank
Northern Lapwing
Total

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Actitis hypoleucos
Arenaria interpres
Calidris alpina
Calidris maritima
Calidris temminckii
Charadrius dubius
Charadrius hiaticula
Charadrius morinellus
Gallinago gallinago
Gallinago media
Haematopus ostralegus
Limicola falcinellus
Limosa lapponica
Limosa limosa
Lymnocryptes minimus
Numenius arquata
Numenius phaeopus
Phalaropus lobatus
Philomachus pugnax
Pluvialis apricaria
Scolopax rusticola
Tringa erythropus
Tringa glareola
Tringa nebularia
Tringa ochropus
Tringa totanus
Vanellus vanellus

92
0
22
0
30
0
20
20
161
2
2
6
2
0
4
100
108
8
22
400
18
19
400
210
94
39
100

102
0
16
0
15
0
23
9
272
0
5
0
1
0
7
145
127
35
44
363
26
32
425
224
134
57
143

124
0
33
0
5
0
13
9
213
0
2
7
0
0
0
117
136
20
24
389
34
27
531
256
141
62
161

110
1
15
0
1
5
12
2
205
0
4
2
0
0
1
91
88
14
5
414
34
11
330
215
134
34
142

Total

112 200 251 252 253 280 296 282 2354
0
0
0
0
1
0
1
1
4
19
25
26
45
53 100
59
67
480
2
5
2
14
15
32
15
13
98
15
10
18
14
13
25
29
18
193
6
4
2
6
9
7
10
4
53
22
31
56
61
43
84
66 136
567
3
18
32
40
29
45
42
55
304
346 585 848 535 519 493 636 637 5450
0
7
6
6
7
3
10
7
48
4
25
40
47
85
77
50
88
429
15
39
26
9
15
54
21
24
218
0
5
8
0
3
6
1
13
39
0
0
0
0
0
0
0
1
1
9
30
23
4
15
19
30
34
176
294 264 406 400 532 372 441 468 3630
182 393 433 345 454 572 419 427 3684
23
30
70
26
29
28
41
29
353
13
29
17
14
26
66
55
40
355
412 1210 1054 1197 1109 1793 1567 1650 11558
63
45
85 115
83
79 111 105
798
43
46
69
13
27
34
41
41
403
600 1084 1269 713 1030 1422 1316 1215 10335
308 542 581 507 522 541 564 637 5107
296 335 465 508 467 575 518 585 4252
151 226 290 262 289 422 413 460 2705
398 280 385 464 457 391 438 375 3734

1879 2205 2304 1870 3336 5468 6462 5597 6085 7520 7190 7412 57328
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Waders are detected in various ways during the
surveys. Some are recorded when displaying, some
birds are flushed by the surveyor (sometimes from
nests), and many are recorded as warning birds. The
method of detection is partly dependent on whether
the route is surveyed relatively early or late from a
phenological perspective (for a given year in general,
and for each breeding pair in that year specifically).
Breeding starts earlier at lower latitudes, lower altitudes and near the coast, and survey dates for each
route are planned with this fact in mind. This means
that phenologically, the variation between routes is
much less than the variation in absolute dates may
imply. Late May in southern taiga is phenologically
comparable to late June on high altitude tundra.
In Finland and Norway, the survey unit is ‘pairs’ and
thus the birds observed are translated into pair equivalents (observations of a male, male and female together,
or parent with offspring, is transformed into one
pair; Koskimies & Väisänen 1991, Lehikoinen 2013). In

Sweden, the survey unit is the number of adult individuals (males as well as females, but not young of the
year). Accordingly, Swedish bird numbers are somewhat too high in direct comparison to Finnish and
Norwegian numbers. We have in a previous study
shown that these differences do not have any effect on
trend estimates (Lehikoinen et al. 2014) and therefore
we used the non-transformed Swedish numbers in the
trend analyses.
In Sweden and Finland, the more distant and difficult routes are often surveyed by paid personnel, in
contrast to the normally volunteer-based monitoring in
the southern or lower-altitude parts of the focal area. In
Norway, all routes are paid for, according to distance
from road and how difficult the terrain is.
Analyses
We used Poisson log-linear regression to estimate
species-specific yearly indices and temporal trends of
annual abundance, controlling for serial correlation

Table 3. The number of routes with a given species in northern Fennoscandia during 2002–2013.

Species
Common Sandpiper
Ruddy Turnstone
Dunlin
Purple Sandpiper
Temminck’s Stint
Little Ringed Plover
Ringed Plover
Eurasian Dotterel
Common Snipe
Great Snipe
Eurasian Oystercatcher
Broad-billed Sandpiper
Bar-tailed Godwit
Black-tailed Godwit
Jack Snipe
Eurasian Curlew
Whimbrel
Red-necked Phalarope
Ruff
European Golden Plover
Eurasian Woodcock
Spotted Redshank
Wood Sandpiper
Common Greenshank
Green Sandpiper
Common Redshank
Northern Lapwing
Total

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Actitis hypoleucos
Arenaria interpres
Calidris alpina
Calidris maritima
Calidris temminckii
Charadrius dubius
Charadrius hiaticula
Charadrius morinellus
Gallinago gallinago
Gallinago media
Haematopus ostralegus
Limicola falcinellus
Limosa lapponica
Limosa limosa
Lymnocryptes minimus
Numenius arquata
Numenius phaeopus
Phalaropus lobatus
Philomachus pugnax
Pluvialis apricaria
Scolopax rusticola
Tringa erythropus
Tringa glareola
Tringa nebularia
Tringa ochropus
Tringa totanus
Vanellus vanellus

75
0
5
2
7
5
10
3
165
0
3
7
0
0
7
92
67
4
7
64
48
18
129
126
135
44
47

115
0
8
2
6
2
13
8
223
3
7
11
4
0
15
90
131
11
10
148
34
23
213
194
168
67
47

154
0
13
2
9
2
19
12
333
4
16
9
4
0
17
141
139
18
6
166
68
30
293
247
229
103
82

129
0
11
2
8
4
18
17
240
5
15
3
0
0
2
128
103
9
6
149
90
10
185
193
250
80
84

159
1
11
3
5
5
16
12
231
3
23
6
2
0
9
146
110
11
10
146
68
20
228
203
219
90
92

165
0
18
5
6
5
21
17
244
2
23
11
2
0
9
127
134
10
21
191
64
25
229
200
242
112
91

180
1
21
3
11
6
22
17
282
6
22
8
1
0
17
140
133
12
15
208
85
26
243
231
250
122
84

152
1
25
5
11
3
31
17
286
6
31
10
6
1
17
135
141
10
14
192
85
26
258
241
248
141
83

Total
1197
4
130
24
83
35
162
118
2003
30
147
65
21
1
102
938
997
90
100
1266
543
194
2011
1565
1490
589
687

48
0
5
0
6
0
5
5
67
1
1
4
1
0
3
31
40
3
9
48
11
11
88
67
47
17
14

57
0
5
0
9
0
7
5
121
0
3
0
1
0
5
52
47
8
12
45
21
18
106
78
80
25
23

61
0
5
0
4
0
5
3
102
0
1
4
0
0
0
31
44
6
6
46
26
17
127
83
72
15
19

64
1
3
0
1
3
4
2
105
0
2
1
0
0
1
32
33
6
2
43
24
5
100
79
72
16
21

496

566

587

431 1061 1463 1999 1048 1563 1767 1453 2158 14592
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and overdispersion, using the model ‘Time effects’
(model 3, or ‘Effects for each time point’) in the
program Trends & Indices for Monitoring data (TRIM
v.3.53, Pannekoek & van Strien 2004). TRIM is the
standard trend analysis tool used in the Pan-European
Common Bird Monitoring Scheme (Gregory et al.
2007). The basic TRIM model is: expected count =
year + site, where both year and site are fixed effects.
Species trends were calculated for the whole region,
combining data from the three countries, and for each

of the three countries separately. Since the survey
protocol assures that the different habitats in each
country are proportionally covered, the data from the
different countries should be directly comparable. The
species-specific annual number of bird encounters and
routes with a given species in Fennoscandia are
presented in Table 2 and 3.
Trends for Fennoscandia and Sweden were generally calculated for the period 2002–2013 (Table 4),
with the starting year as base year (index = 1). For

Species
Common Sandpiper
Ruddy Turnstone
Dunlin
Purple Sandpiper
Temminck’s Stint
Little Ringed Plover
Ringed Plover
Eurasian Dotterel
Common Snipe
Great Snipe
Eurasian Oystercatcher
Broad-billed Sandpiper
Bar-tailed Godwit
Black-tailed Godwit
Jack Snipe
Eurasian Curlew
Whimbrel
Red-necked Phalarope
Ruff
European Golden Plover
Eurasian Woodcock
Spotted Redshank
Wood Sandpiper
Common Greenshank
Green Sandpiper
Common Redshank
Northern Lapwing

Actitis hypoleucos
Arenaria interpres
Calidris alpina
Calidris maritima
Calidris temminckii
Charadrius dubius
Charadrius hiaticula
Charadrius morinellus
Gallinago gallinago
Gallinago media
Haematopus ostralegus
Limicola falcinellus
Limosa lapponica
Limosa limosa
Lymnocryptes minimus
Numenius arquata
Numenius phaeopus
Phalaropus lobatus
Philomachus pugnax
Pluvialis apricaria
Scolopax rusticola
Tringa erythropus
Tringa glareola
Tringa nebularia
Tringa ochropus
Tringa totanus
Vanellus vanellus

L
S
S
L
L
S
S
S
L
S
L

S
S
L
L
L
S
S
L
L
L
L
S
S

Fennoscandia

Norway

Sweden

Finland

2002–20131

2006–2013

2002–2013

2006–2013

–0.014 ± 0.008
0.008 ± 0.026 –0.014 ± 0.009
0.002 ± 0.036
D
D
D
–
0.014 ± 0.025
D
0.007 ± 0.026
D
0.104 ± 0.115
0.006 ± 0.127
D
–
–0.014 ± 0.038
D
–0.023 ± 0.040
D
–0.016 ± 0.074
D
D
D
0.060 ± 0.020 0.076 ± 0.122 0.060 ± 0.022
D
0.059 ± 0.032
D
0.050 ± 0.035
D
–0.016 ± 0.006 –0.101 ± 0.021 –0.009 ± 0.007 –0.036 ± 0.016
–0.007 ± 0.073
D
D
–
–0.060 ± 0.050
0.057 ± 0.064
D
–0.057 ± 0.166
–0.086 ± 0.050
D
D
–0.068 ± 0.084
D
D
D
D
D
–
–
D
–0.071 ± 0.054
D
D
0.040 ± 0.060
0.007 ± 0.008 –0.044 ± 0.045
0.009 ± 0.009 0.028 ± 0.013
0.017 ± 0.009 –0.059 ± 0.023 0.019 ± 0.010 –0.002 ± 0.028
0.004 ± 0.033
D
0.020 ± 0.034
D
–0.058 ± 0.028
D
–0.058 ± 0.029
D
0.005 ± 0.005 –0.011 ± 0.013
0.007 ± 0.006
0.029 ± 0.019
–0.006 ± 0.016 –0.076 ± 0.075 –0.012 ± 0.018
0.020 ± 0.035
–0.050 ± 0.020
D
–0.053 ± 0.022 –0.094 ± 0.066
0.011 ± 0.005 0.069 ± 0.098
0.009 ± 0.005
0.036 ± 0.013
–0.010 ± 0.006 –0.038 ± 0.023 –0.005 ± 0.006 –0.024 ± 0.019
0.045 ± 0.007
D
0.053 ± 0.008 –0.005 ± 0.013
0.052 ± 0.012 –0.023 ± 0.017 0.062 ± 0.013
D
0.013 ± 0.011 –0.041 ± 0.055 –0.000 ± 0.014 0.069 ± 0.020

Mean breeding
latitude Finland

Migration

Table 4. Mean annual additive growth rates ± standard errors of the 27 wader species recorded in the national monitoring schemes
in boreal and arctic Fennoscandia during 2002–2013, as estimated by TRIM. For species where the effect of migration strategy on
population trend was tested, migration strategy is indicated with ‘L’ (long-distance migrant) or ‘S’ (short-distance migrant; see text).
Time periods differ between regions, and for Fennoscandia, there is only data from Sweden in 2002–2005. For sample sizes, see
Table 2 and 3. ‘D’ means there are data for the region, but no trend is calculated, and ‘–’ that the species was not observed in that
country. For example, a trend of –0.014 is equivalent to an annual decline of 1.4%. Significant trends are in bold (P < 0.05). In addition, species-specific mean weighted latitudes are given in accuracy of 10 kilometres in the Finnish uniform coordinate system (larger
value means higher latitude).

716.5
684.8
756.8
769.3
754.9
697.4
731.6
767.5
717.7
699.9
688.1
750.1
769.9
707.4
742.7
705.9
737.9
758.1
739.5
734.8
700.4
750.4
730.4
727.6
706.6
705.2
699.1

1
The start years differ for Purple Sandpiper (2006), Little Ringed Plover (2005) and Great Snipe (2007). One intermittent year was excluded from the
trend calculations (no birds observed, see methods) in Broad-billed Sandpiper (2003) and Jack Snipe (2004).
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Norway and Finland the standard period was 2006–
2013. This means we let Sweden represent the whole of
Fennoscandia in 2002–2005. For Fennoscandia, when
there were years with too few individuals observed for
a trend to be estimated, either a shorter time period
was considered (for example, a trend starting in 2007
for the Great Snipe Gallinago media, Table 4), and/or a
maximum of one intermittent year within a period was
excluded (for example, year 2003 for the Broad-billed
Sandpiper Limicola falcinellus). The latter calculations
were carried out using the TRIM model ‘Linear trend’
(model 2, or ‘Linear switching trend’), using all years as
change points, except for the year with missing data
(Pannekoek & van Strien 2004). For individual countries, we only present species trends when there was
data for all years within the sampling period, that is,
2002–2013 for Sweden and 2006–2013 for Norway
and Finland.
The estimates of overdispersion and serial correlation were generally small (close to 1 and 0, respectively), with a range among species from 1.20 to 2.58
(overdispersion), and from –0.24 to 0.04 (serial correlation), respectively.
We further tested if the species-specific population
trends in Fennoscandia differ between species wintering south of the Sahara (long-distance migrants) and
those wintering within Europe or in North Africa
(short-distance migrants, Fransson et al. 2008).
In addition, we tested if the population trends were
linked to the general distribution of the species. Based
on earlier studies (e.g. Jiguet et al. 2010) we expected
to find more positive trends among southern breeding
species and more negative ones in northern species. We
used an independent data set, the Finnish 3rd breeding
bird atlas, to measure the average breeding latitude for
each species. We calculated mean breeding latitude for
all species that had trends during the whole study
period, using the method of Brommer et al. (2012).
Finland covers most of the latitudinal range of the
study area in Fennoscandia and the mean breeding latitude in Finland is certainly a good proxy for the species'
distribution within Fennoscandia and also western
Palaearctic. The exception is Ruddy Turnstone Arenaria
interpres which is exclusively breeding in relatively mild
coastal areas in Fennoscandia, as far south as southern
Sweden. However, this species was not included in the
trend analyses because of low sample size.
In the two analyses of the potential effect of
breeding latitude and migration distances, the speciesspecific trends were weighted based on the confidence
level of the trend estimate, using the reciprocal of the
SE as a weight (a large value has higher weight).

9

RESULTS
All three national schemes have gradually been built up
during the study period, which has resulted in a rather
steady increase in the number of routes censused annually: from 161 in 2002 to 744 in 2013 (Table 1). The
number will probably continue to increase, because at
least in Norway and Finland a higher proportion of the
routes are expected to be surveyed annually in the
future. In parallel with an increasing effort over the
years, a trend can be calculated for an increasing
number of species, and the yearly indices and the
trends will become more reliable.
There were no significant trends over the study
period in either mean yearly sampling date (linear
regression: slope = 0.061 d/yr, r11 = 0.19, P = 0.55),
yearly variance in sampling day (linear regression:
slope = –0.38 d/yr, r11 = 0.24, P = 0.46) or range of
yearly sampling period (days between first and last day
of each year, linear regression: slope = –0.12 d/yr,
r11 = 0.13, P = 0.69).
In total, 57,328 wader encounters (pair equivalents
or individuals) of 27 species were recorded on 1263
different routes, divided into about 11,000 encounters
in Norway, 33,000 in Sweden and 13,000 in Finland
(Table 2 and 3). The much higher number for Sweden
is partly due to the longer time series (2002–2013
compared to 2006–2013), and partly because pair
equivalents are recorded in Norway and Finland (the
actual number of observed individuals in these two
countries is therefore somewhat larger than reported).
The five most numerous species in 2013 (when
most routes were surveyed) were Common Snipe,
European Golden Plover Pluvialis apricaria, Wood
Sandpiper Tringa glareola, Common Greenshank Tringa
nebularia and Green Sandpiper Tringa ochropus (Table
2 and 3). They were then observed on 192–286 routes
each, with at least 585–1650 individuals. Six species
were observed on less than 10 routes in 2013; Ruddy
Turnstone, Purple Sandpiper Calidris maritima, Little
Ringed Plover Charadrius dubius, Great Snipe, Bartailed Godwit Limosa lapponica and Black-tailed
Godwit L. limosa.
Log-linear population trends could be calculated for
24 of the 27 species (Table 4). The amount of data
available per species declines rather gradually from the
most recorded species, European Golden Plover, to the
rarest, Black-tailed Godwit. The precision of calculated
trends drop accordingly. We somewhat arbitrarily
grouped the 24 species according to the amount of data
available. The group with the highest amount of data
consists of twelve species where we believe the trends
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Figure 2. Population trends of the twelve northern wader
species with the largest amount of data. Trends were calculated
using TRIM, where an index value of 1.0 is set to the first year
with data (see Methods). The thin grey lines connect the 95%
confidence limits for each yearly index, in relation to the start
year. Within parentheses are shown the number of bird encounters, as well as the number of routes with the species, in 2013
(the year with the largest sampling effort so far, Table 2 and 3).
Trend statistics are shown in Table 4.

are robust for the whole study period (species observed
so far on about 200 censuses or more, Figure 2). In the
medium quality group (6 species), trends can be calculated for the whole period, but trends become more
robust from 2007 onwards, when the schemes in
Norway and Finland begin to grow (Figure 3). In the
third group (6 species), with the smallest amount of
data (species observed so far on less than 100
censuses), a trend can be calculated for each (but not
always from 2002), and an increased sampling effort is
certainly needed to make the trends reliable (Figure 4).
For the three remaining species, no meaningful
trend could be calculated (Table 4). Among these, Bartailed Godwit will most likely be included in future
trend analyses, when northern Norway is surveyed fully.
The variation in the direction and strength of
species’ trends was large, and the trends were rather
evenly distributed from strong increases to strong
declines. Four species, Ringed Plover Charadrius hiaticula, Wood Sandpiper, Green Sandpiper and Common
Redshank Tringa totanus, had significantly positive
trends, whereas three species, Common Snipe, Ruff
Philomachus pugnax and Spotted Redshank Tringa
erythropus, had significantly negative trends. Among
the non-significant trends, nine were numerically positive and eight were numerically negative (Table 4).
Of the 24 species with a Fennoscandian trend, 11
winter in tropical areas (‘south of the Sahara’) and 13
in temperate areas. There was no significant difference
in population trends between the two groups (t-test,
t22 = –0.39, P = 0.70). Further, the species-specific
population trends during 2002–2013 were not associated with the species’ mean breeding latitude (linear
regression, t = 0.83, b = –0.32 ± 0.38 (change in
population growth rate/1000 km change in mean latitude), P = 0.42).

DISCUSSION
Monitoring of northern waders in Fennoscandia
Long-term species-specific wader trends have previously been reported for only smaller geographical areas
within Fennoscandia (e.g. Hildén & Hario 1993,
Väisänen et al. 1998, Svensson 2006, Byrkjedal & Kålås
2012). With the present approach, combining three
national schemes with representative and directly
comparable data, it was possible to calculate a
Fennoscandian population trend for the period
2002–2013 for 24 species. These trends are the first
ever for boreal and arctic breeding waders spanning the
whole of Fennoscandia (c. one million km2), and possi-
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Figure 3. Population trends of six northern wader species with a
medium amount of data. Trends were calculated from 2002, but
are more reliable from 2007 onwards. The graphs are explained
in more detail in Figure 2.
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Figure 4. Population trends of six northern wader species with
the lowest amount of data. Trends could not be calculated from
2002 for some of them and only with a larger future effort can
more reliable trends be produced. The graphs are explained in
more detail in Figure 2.
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bly the first systematic trends for any large boreal or
arctic area of the world. This is a great step forward for
the overall monitoring of this enigmatic and vulnerable
group of birds (Wetlands International 2012).
Trends for 24 species should be compared with the
29 wader species regularly breeding in the focal area
(the two breeding wader species not yet recorded in
our schemes are Little Stint Calidris minuta and Terek
Sandpiper Xenus cinereus; BirdLife International 2004).
Thus, the population changes of a large proportion of
the northern waders can now be tracked, and hopefully
this will be improved upon in the near future when the
Finnish and Norwegian schemes grow.
It is especially rewarding to see that breeding population trends could be calculated for many species
where any population trend from the boreal and arctic
parts of the world has been hard to get at, for example,
Purple Sandpiper, Temminck’s Stint C. temminckii,
Eurasian Dotterel Charadrius morinellus, Great Snipe,
Broad-billed Sandpiper, Jack Snipe Lymnocryptes
minimus, Whimbrel Numenius phaeopus, Red-necked
Phalarope Phalaropus lobatus and Spotted Redshank
(Ottvall et al. 2009, Wetlands International 2012).
The power to detect large enough changes with
statistical significance is of course an important aspect
of any monitoring scheme, and is therefore rewarding
to see that no less than eight significant species trends
have been detected, with a numerical change rate as
small as 1.1% per year (Wood Sandpiper). Further, two
of the significant changes were calculated for species
with only moderate amounts of data available (Ringed
Plover and Ruff). Hence, there is now a monitoring
system in place that can reliably detect changes in
population size for a significant proportion of northern
waders at their breeding grounds.
However, despite the huge combined Fennoscandian effort, a system of 1555 survey routes in total and
more than 700 routes surveyed annually the last two
years, for some of the species the number of birds
observed annually is still small. Accordingly, many of
the calculated trends come with large uncertainty.
Although we still can expect some increase in the intensity of the present monitoring schemes, for many of the
scarcer waders the schemes will provide only a very
rough picture of their population status. A main challenge here is the uncertainty about to what degree only
a few sampling sites will represent the true population
changes occurring over the whole area.
Apart from the changes in population size discussed
above, it is clear that the annually repeated fullcoverage monitoring of Fennoscandia also produces
what can be seen as an annually repeated ‘bird atlas
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Purple Sandpiper (Calidris maritima)

Eurasian Dotterel (Charadrius morinellus)

Red-necked Phalarope (Phalaropus lobatus)
The population changes of many northern waders can now be followed on their Fennoscandian breeding grounds. These three
particular individuals were all seen during surveys of Fixed routes in Sweden (photos Åke Lindström).
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light’. It will therefore also be possible to follow the
geographical distribution changes in wader communities and individual species (cf. Ottosson et al. 2012,
Davey et al. 2013, Lindström et al. 2013).
Monitoring of northern waders outside
Fennoscandia
If we would extrapolate the Fennoscandian monitoring
system to other parts of the world, the effort needed to
cover the much larger and even more inaccessible areas
of Russia, Canada and Alaska, is clearly overwhelming.
Presently there are two schemes in the latter areas that
specifically, or indirectly, aim at monitoring population
trends.
In North America, the Program for Regional and
International Shorebird Monitoring (PRISM, Skagen et
al. 2003, Bart & Johnston 2012) was launched about a
decade ago with one aim being to monitor the population changes of northern waders at their boreal and
arctic breeding sites in North America. A strict sampling
protocol is implemented, to be carried out at a 10–20
year interval at a large scale, and at annual or semiannual intervals at a few focal sites (Skagen et al.
2003). So far, the data have been used mainly to estimate population densities for parts of the breeding
grounds and large-scale trends are yet to be produced
(Bart & Johnston 2012).
The Arctic Birds Breeding Conditions Survey
(ABBCS, Tomkovich & Soloviev 2013) has a circumpolar coverage but no specific sampling protocol. It
builds on voluntary reporting from people visiting the
Arctic. The abundance of arctic waders at a visited site
is reported in a qualitative way (‘rare, common or
abundant’). In 2011, data from 60 sites were included.
Despite the few sites included and the crude data
quality, the available information has been used to
produce estimates of trends in numbers and distributions of arctic breeding waders (Rakhimberdiev et al.
2011).
The present situation suggests that for many
northern wader populations around the northern hemisphere we will have to rely wholly or partly on population monitoring carried out outside the breeding areas
for some time yet (cf. Bart et al. 2007, Andres et al.
2012, Wetlands International 2012).
Population trends
We will restrict ourselves to looking at some overall
patterns found, rather than discussing individual
species trends. The population trends of the 24 species
vary from strong declines to strong increases. In total
11 species had numerically negative trends (46%), but

13

only 12% were significant. In the whole world, around
40% of the wader species with known trends are
declining (Wetlands International 2012).
The at least partly positive picture for northern
waders in Fennoscandia (54% have numerically positive trends and 17% significantly so) is supported by
local surveys within Fennoscandia. In a 40-year study
of a montane bird community near Ammarnäs,
Swedish Lapland (c. 66°N), both the number of wader
species and wader individuals increased over time
(Svensson & Andersson 2013). Among the twelve
species recorded in most years, significant increases
were found in Dunlin Calidris alpina, Ringed Plover,
Whimbrel, European Golden Plover, Wood Sandpiper
and Common Redshank, that is, half of the common
species. All these species also had positive trends in
Fennoscandia in the last decade (this study), although
only half of them significantly so (Table 4). In the
Ammarnäs study there were no significant negative
trends (Svensson & Andersson 2013).
In another monitoring series of waders on alpine
tundra at Ammarnäs 1984–1995, Svensson (2007)
found two species declining significantly and three
species increasing significantly. The rather mixed
picture of increasing and decreasing species is in
contrast to the generally much bleaker overall picture
shown by a selection of typical montane birds of
Fennoscandia (Lehikoinen et al. 2014). However, the
latter study included only one wader species, European
Golden Plover, which had a stable population.
A well-described pattern in European common birds
is the disproportionate decline of long-distance
migrants (Sanderson et al. 2006; Gregory et al. 2007).
However, whether the waders of our study winter in
temperate or tropical areas does not seem to correlate
to population trends, suggesting that other factors than
the location of the wintering grounds explain the
observed population changes among waders, e.g. as
indicated for the Great Snipe (Kölzsch et al. 2007).
Neither was there an effect of breeding latitude on
population trends, which could have been expected
from other large-scale studies where southern species
on average have been doing better than northern
species in the recent period of a warming climate
(Jiguet et al. 2010, Laaksonen & Lehikoinen 2013,
Lindström et al. 2013). However, the latter (and many
other) analyses of the effects of climate include a much
larger number of species than in our study and the variation between even closely related species is often
large. In addition, there is enormous variation in the
habitats utilised by the 24 wader species, both during
breeding, migration and wintering.
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From a management point-of-view, our monitoring
schemes will also provide important knowledge about
how the populations of hunted waders are doing.
According to Hirschfeld & Heyd (2005), for ten of our
study species more than 10,000 individuals are hunted
annually within the EU, Norway and Switzerland only.
Eurasian Woodcock Scolopax rusticola (stable), Common
Snipe (declining) and Northern Lapwing Vanellus
vanellus (stable) have the largest annual bag sizes.
Within a few years, when time series are longer and
more robust, the details of the population trends of
northern waders in Fennoscandia can hopefully be
investigated in greater detail.
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SAMENVATTING
Tot voor kort bestonden er geen grootschalige, populatieomvattende monitoringprogramma’s voor steltlopers in hun boreale
en arctische broedgebieden. Dat is te wijten aan de grote
logistieke uitdagingen die gepaard gaan met het werken in
uitgestrekte en moeilijk toegankelijke gebieden met weinig ornithologen. Sinds enige tijd zijn er niettemin nationale monitoringprogramma’s opgezet in Noorwegen, Zweden en Finland
(kortweg Fennoscandinavië) gericht op alle vogelsoorten,
waarmee voor het eerst ook broedpopulatietrends voor steltlopers geschat kunnen worden. In dit artikel presenteren we
Fennoscandinavische populatietrends voor 24 soorten steltlopers voor de periode 2002–2013 (voor sommige soorten iets
korter). Deze trends zijn gebaseerd op gegevens van 1263
routes in Noorwegen, Finland en het noordelijkste tweederde
deel van Zweden. Dit gebied ten noorden van 58°N beslaat één
miljoen vierkante kilometer en omvat de volledige boreale en
arctische klimaatzones. De trendanalyse laat zien dat het
aandeel positieve en negatieve trends ongeveer gelijk is. Er
werden geen verschillen gevonden tussen de trends van korteen langeafstandstrekkers, noch werd een relatie met de
gemiddelde breedtegraad van het broedareaal van soorten vastgesteld. De trends van Bontbekplevier Charadrius hiaticula,
Bosruiter Tringa glareola, Witgat T. ochropus en Tureluur T.
totanus lieten een significant positief verloop zien, terwijl de
trends van Watersnip Gallinago gallinago, Kemphaan Philomachus pugnax en Zwarte Ruiter T. erythropus een significant
negatief verloop vertoonden. Zelfs voor zeldzame soorten
(Temmincks Strandloper Calidris temminckii, Morinelplevier
Charadrius morinellus, Breedbekstrandloper Limicola falcinellus,
Bokje Lymnocryptes minimus, Grauwe Franjepoot Phalaropus
lobatus) konden trends worden berekend, al is de onzekerheid
bij deze soorten vrij groot, omdat de trends bepaald zijn op basis
van een klein aantal routes en waarnemingen. De omvang van
de monitoringprogramma’s in Noorwegen en Finland zal waarschijnlijk nog toenemen tot een totaal van 1555 routes. Het is
dan ook de verwachting dat in de nabije toekomst nog nauwkeuriger trendanalyses van de broedpopulaties van steltlopers in
deze gebieden gemaakt kunnen worden.
(AD)
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