
SUPPLEMENT 1. REFERENCES FOR THE DIET OF
PARTICULAR BIRD SPECIES1

Red grouse

Butterfield J, Coulson JC (1976) Insect food of adult red
grouse Lagopus lagopus scoticus. J Anim Ecol 44:601–608

Elson LT, Schwab FE, Simon NPP (2007) Winter food habits of
Lagopus lagopus (willow ptarmigan) as a mechanism to
explain winter sexual segregation. Northeast Nat 14:89–98

Lance AN (1978) Territories and the food plant of individual
red grouse. II. Territory size compared with an index of
nutrient supply in heather. J Anim Ecol 47:307–313

Miller GR, Watson A, Jenkins D (1970) Responses of red
grouse populations to experimental improvement of their
food. In: Watson A (ed) Animal populations in relation to
their food resources. Blackwell Scientific Publications,
Oxford, p 323–335

Moss R (1972) Food selection by red grouse (Lagopus lagopus
scoticus (Lath)) in relation to chemical composition.
J Anim Ecol 41:411–428

Moss R (1973) The digestion and intake of winter foods by
wild ptarmigan in Alaska. Condor 75:293–300

Moss R (1974) Winter diets, gut lengths and interspecific com-
petition in Alaskan Ptarmigan. Auk 91:737–746

Park KJ, Robertson PA, Campbell ST, Foster R, Russell ZM,
Newborn D, Hudson PJ (2001) The role of invertebrates in
the diet, growth and survival of red grouse (Lagopus lago-
pus scoticus) chicks. J Zool 254:137–146

Savory CJ (1977) The food of red grouse chicks Lagopus lago-
pus scoticus. Ibis 119:1–9

Savory CJ (1978) Food consumption of red grouse in relation to
the age and productivity of heather. J Anim Ecol 47:269–282

Weeden RB (1969) Food of rock and willow ptarmigan in cen-
tral Alaska with comments on interspecific competition.
Auk 86:271–281

West GC, Meng MS (1966) Nutrition of willow ptarmigan in
northern Alaska. Auk 83:603–615

Ptarmigan

Bernard-Laurent A (1983) Comparaison des regimes alimen-
taires du tetras lyre Lyrurus tetrix (L.) et du lagopede
alpin, Lagopus mutus Montin, dans le vallon de la cer-

veyretter (Hautes-Alpes). Rev Ecol Terre Vie 37:241–258
Gardarsson A, Moss R (1970) Selection of food by Icelandic

ptarmigan in relation to its availability and nutritive value.
In: Watson A (ed) Animal populations in relation to their
food resources. Blackwell Scientific Publications, Oxford,
p 47–71

Moss R (1973) The digestion and intake of winter foods by
wild ptarmigan in Alaska. Condor 75:293–300

Moss R (1974) Winter diets, gut lengths and interspecific com-
petition in Alaskan Ptarmigan. Auk 91:737–746

Moss R, Watson A (1984) Maternal nutrition, egg quality and
breeding success of Scottish ptarmigan Lagopus mutus.
Ibis 126:212–220

Weeden RB (1969) Food of rock and willow ptarmigan in cen-
tral Alaska with comments on interspecific competition.
Auk 86:271–281

Black grouse

Beeston R, Baines D, Richardson M (2005) Seasonal and
between-sex differences in the diet of black grouse Tetrao
tetrix. Bird Study 52:276–281

Bernard-Laurent A (1983) Comparaison des regimes alimen-
taires du tetras lyre Lyrurus tetrix (L.) et du lagopede
alpin, Lagopus mutus Montin, dans le vallon de la cer-
veyretter (Hautes-Alpes). Rev Ecol Terre Vie 37:241–258

Borchtchevski VG (2000) Diet of the black grouse (Tetrao
tetrix) in Vodlozerski National Park, northwestern Russia.
Game Wild Sci 17:29–42

Cayford JT (1990) Distribution and habitat preferences of
black grouse in commercial forests in Wales: conservation
and management implications. Proc Int Union Game Biol
Cong 19:435–447

Cayford JT (1993) Black grouse and forestry: habitat require-
ments and management. Tech. Pap. 1, Forestry Commis-
sion, Edinburgh

Cayford JT, Tyler G, MacIntosh-Willias L (1989) The ecology
and management of black grouse in conifer forests in
Wales. RSPB, Sandy 

de Franceschi PF, Sepulcri A, Filacorda S, Piasentier E (1997)
The dietary composition of black grouse (Tetrao tetrix) in
the Italian Alps. Wildl Biol 3:272

Filimonova NP (1972) Materialy o pitanii tetereva i seroi
kuropatki v Kustanaiskoi oblasti [Materials on feeding of
the Black Grouse and Grey Partridge in the Kustanai
Region] // Zoologicheskie problemy Sibiri [Zoological
Problems of Siberia]. Novosibirsk, Nauka, p 341–342

Niewold FJJ (1990) The decline of black grouse in the Nether-
lands. In: Lumeij JT, Hoogeveen JR (eds) The future of

11

Using diet to assess the sensitivity of northern and upland birds to
climate change

James W. Pearce-Higgins*

RSPB, Dunedin House, 25 Ravelston Terrace, Edinburgh EH4 3TP, UK
British Trust for Ornithology, The Nunnery, Thetford, Norfolk IP24 2PU, UK

Email: james.pearce-higgins@bto.org

Climate Research 45: 119–130 (2010)

The following supplements accompany the article

1Additional unpublished information from M. C. Grant, D.
Evans and D. Barrett added to the dietary information for
curlew, meadow pipit and ring ouzel respectively



wild galliformes in The Netherlands. Orginisatiecom-
missie Nederlandse Wild Hoenders, Amersfoot

Picozzi N, Hepburn LV (1986) A study of black grouse in north
east Scotland. Proc Int Grouse Symp 3:462–481

Ponce F (1992) Food selection by black grouse (Tetrao tetrix)
chicks in the French Alps. Gibier Faune Sauvage 9:27–51

Seiskari P (1962) On the winter ecology of the capercaillie,
Tetrao urogallus, and the black grouse, Lyrurus tetrix, in
Finland. Pap Game Res 22:1–119

Starling-Westerberg A (2001) The habitat use and diet of
black grouse Tetrao tetrix in the Pennine hills of northern
England. Bird Study 48:76–89

Wegge P, Kastdalen L (2008) Habitat and diet of young grouse
broods: resource partitioning between Capercaillie (Tetrao
urogallus) and black grouse (Tetrao tetrix) in boreal
forests. J Ornithol 149:237–244

Dotterel

Byrkjedal I (1989) Time constrains and vigilance: breeding
season diet of the dotterel (Charadrius morinellus).
J Ornithol 130:293–302

Cramp S, Simmons KEL (1983) The birds of the western
Palearctic, Vol 3. Oxford University Press, Oxford

Galbraith H, Murray S, Duncan K, Smith R, Whitfield DP,
Thompson DBA (1993) Diet and habitat use in the dotterel
(Charadrius morinellus) in Scotland. Ibis 135:148–155

Golden plover

Andreeva TR (1988) Main trophic peculiarities in waders at
the Stchuchiya River basin, Yamal Peninsula. In: Kistchin-
sky AA (ed) Ornithofauna of the northeast of Asia. Nauka
Press, Moscow, p 13–18 (in Russian)

Baker MC (1977) Shorebird food habits in the eastern Cana-
dian arctic. Condor 79:56–62

Byrkjedal I (1980) Summer food of the golden plover Pluvialis
apricaria at Hardangervidda, southern Norway. Holarct
Ecol 3:40–58

Cramp S, Simmons KEL (1983) The birds of the western
Palearctic, Vol 3. Oxford University Press, Oxford

Danilov NN, Ryzhanovskiy VN, Ryabitsev VK (1984) Birds of
Yamal Peninsula. Nauka Press, Moscow (in Russian)

Kumari A (1958) Rabakurvitsaliste Toitumisest. Rmt-s: E.
Kumari toim. Ornitoloogiline kogumik, 1. Eesti NSV Tea-
duste Akadeemia Toimetus-Kirjastusnõukogu, Tartu. Lk.
p 195–215 (in Russian)

O’Connell MJ, Thomas CJ, Twiss S, Downie IS, Coulson JC,
Evans PR, Whitfield DP (in press) Functional ecology of
peatland animals in the Flow Country of northern Scot-
land. I. Habitat use of breeding waders. SNH Research,
Survey & Monitoring Series, Battleby

Pearce-Higgins JW, Yalden DW (2003) Variation in the use of
pasture by breeding European golden plovers Pluvialis
apricaria in relation to prey availability. Ibis 145:365–381

Pearce-Higgins JW, Yalden DW (2004) Habitat selection, diet,
arthropod availability and growth of a moorland wader:
the ecology of European golden plover Pluvialis apricaria
chicks. Ibis 146:335–346

Ratcliffe DA (1976) Observations on the breeding of golden
plover in Great Britain. Bird Study 23:63–116

Whittingham M (1996) Habitat requirements of breeding
golden plover Pluvialis apricaria. Unpublished PhD thesis,
University of Sunderland

Dunlin

Andrusenko NN (1980) On the feeding of some the most
numerous wader species on Tengiz Lake. News in the
research of biology and distribution of waders. Nauka
Press, Moscow, p 9–11 (in Russian)

Baker MC (1977) Shorebird food habits in the eastern Cana-
dian arctic. Condor 79:56–62

Danilov NN, Ryzhanovskiy VN, Ryabitsev VK (1984) Birds of
Yamal Peninsula. Nauka Press, Moscow

Homes RT (1966) Feeding ecology of the red backed sand-
piper (Calidris alpina) in arctic Alaska. Ecology 47:
32–45

Homes RT (1970) Differences in population density, territori-
ality and food suply of dunlin on Arctic and subarctic tun-
dra. In: Watson A (ed) Animal populations in relation to
their food resources. Blackwell Scientific Publications,
Oxford, p 303–319

Kondrat’yev AYa, Kondrat’yeva LF (1988) Some results of
the helminthological examinations for the analysis of
trophic of waders. In: Kistchinsky AA (ed) Ornithofauna
of the northeast of Asia. Nauka Press, Moscow, p 73–82
(in Russian)

Nechaev AV (1991) Ptitsy ostrova Sakhalin. Vladivostok
Institute of Biology and Pedology, Vladivostok (in 
Russian)

O’Connell MJ, Thomas CJ, Twiss S, Downie IS, Coulson JC,
Evans PR, Whitfield DP (in press) Functional ecology of
peatland animals in the Flow Country of northern Scot-
land. I. Habitat use of breeding waders. SNH Research,
Survey & Monitoring Series, Battleby

Peresad’ko LV, Koshelev AI (1980) On the feeding of waders
in the south of West Siberia. In: News in the research
of biology and distribution of waders. Nauka, Moscow,
p 33–35 (in Russian)

Snipe

Cramp S, Simmons KEL (1983) The birds of the western
Palearctic, Vol 3. Oxford University Press, Oxford

Danilov NN, Ryzhanovskiy VN, Ryabitsev VK (1984) Birds of
Yamal Peninsula. Nauka Press, Moscow (in Russian)

Green RE, Hirons GJM, Cresswell BH (1990) Foraging habi-
tats of female common snipe Gallinago gallinago during
the incubation period. J Appl Ecol 27:325–335

Hoodless AN, Ewald JA, Baines D (2007) Habitat use and diet
of common snipe Gallinago gallingo breeding on moor-
land in northern England. Bird Study 54:182–191

Nechaev AV (1991) Ptitsy ostrova Sakhalin. Vladivostok Insti-
tute of Biology and Pedology, Vladivostok (in Russian)

Zinov’yev VI (1980) Birds of the forest zone of the European
part of the USSR (Charadriiformes). Kalinin State Univer-
sity Press, Kalinin (now-Tver’)

Whimbrel

Grant MC, Chambers RE, Evans PR (1992) The effects of re-
seeding heathland on breeding whimbrel Numenius
phaeopus in Shetland. II. Habitat use by adults during the
pre-laying period. J Appl Ecol 29:509–515

Grant MC, Chambers RE, Evans PR (1992) The effects of re-
seeding heathland on breeding whimbrel Numenius
phaeopus in Shetland. III. Habitat use by broods. J Appl
Ecol 29:516–523

2



Curlew

Cramp S, Simmons KEL (1983) The birds of the western
Palearctic, Vol 3. Oxford University Press, Oxford

Kumari A (1958) Rabakurvitsaliste Toitumisest. In: Rmt-s: E.
Kumari toim. Ornitoloogiline kogumik, 1. Eesti NSV Tea-
duste Akadeemia Toimetus-Kirjastusnõukogu, Tartu. Lk.
p 195–215 (in Russian)

Robson G (1998) The breeding ecology of curlew Numenius
arquata on north Pennine moorland. Unpublished PhD
thesis, Sunderland University

Stephen L (2001) An investigation into the dietary require-
ments of curlew Numenius arquata chicks. BSc thesis,
University of Edinburgh

Greenshank

Nethersole-Thompson D, Nethersole-Thompson M (1979)
Greenshanks. Poyser, London

Skylark

Donald PF, Muirhead LB, Buckingham DL, Evans AD, Kirby
WB, Gruar DJ (2001) Body condition, growth rates and
diet of skylark Alauda arvensis nestlings on lowland farm-
land. Ibis 143:658–669

Green R (1978) Factors affecting the diet of farmland sky-
larks, Alauda arvensis. J Anim Ecol 47:913–928

Jenny M (1990) Nahrungsokologie der Feldlerche Alauda
arvensis in einer intensiv genutzten Agrarlandschaft des
schweizerischen Mittellandes. Ornithol Beob 87:31–53

Mal’chevskiy AS, Pukinskiy YuB (1983) Birds of the Lenin-
grad region and adjoining territories, Vol 2. Leningrad
University Press, Leningrad

Nechaev AV (1991) Ptitsy ostrova Sakhalin. Vladivostok Insti-
tute of Biology and Pedology (in Russian)

Nekrasov BV (1978) Family Alaudidae. In: Popov VA (ed)
Birds of the Volga-Kama Territory. Nauka Press, Moscow,
p 8–14 (in Russian)

Poulsen JG, Sotherton NW, Aebischer NJ (1998) Comparative
nesting and feeding ecology of skylarks Alauda arvensis
on arable farmland in southern England with special ref-
erence to set-aside. J Appl Ecol 35:131–147

Prokof’yeva IV (1980) Feeding of meadow passerine birds in
nesting period. Ornitologiya 15

Smith B, Holland J, Jones N, Moreby S, Morris AJ, Southway S
(2009) Enhancing invertebrate food resources for skylarks in
cereal ecosystems: How useful are in-crop agri-environment
scheme management options? J Appl Ecol 46:692–702

Meadow pipit

Artem’yev YuT, Popov VA (1978) Family Turdidae. In: Popov
VA (ed) Birds of the Volga-Kama Territory. Nauka Press,
Moscow, p 70–94 (in Russian)

Bures S (1994) Segregation of diet in water pipit (Anthus spin-
oletta) and meadow pipit (Anthus pratensis) nestlings in an
area damaged by air pollution. Folia Zool (Brno) 43:43–48

Bures S, Weildinger K (2000) Estimation of calcium intake by
meadow pipit nestlings in an acidified area. J Ornithol 31:
426–429

Coulson JC, Whittaker JB (1978) Ecology of moorland ani-

mals. In: Heal W, Perkins DF (eds) Production ecology of
British moors and montane grasslands. Springer-Verlag,
Berlin, p 52–93

Cramp S (1988) The birds of the western Palearctic, Vol 5.
Oxford University Press, Oxford

Danilov NN, Ryzhanovskiy VN, Ryabitsev VK (1984) Birds of
Yamal Peninsula. Nauka Press, Moscow (in Russian)

Douglas DJT, Evans DM, Redpath SM (2008) Selection of for-
aging habitat and nestling diet by meadow pipits Anthus
pratensis breeding on intensively grazed moorland. Bird
Study 55:290–296

Hagvar S, Ostbye E (1976) Food habits of the meadow pipit
(Anthus pratenis) in alpine habitats at Hardangervidda,
south Norway. Norw J Zool 24:53–67

Prokof’yeva IV (1980) Feeding of meadow passerine birds in
nesting period. Ornitologiya 15

Walton KC (1979) Diet of meadow pipits Anthus pratensis on
mountain grassland in Snowdonia. Ibis 121:325–334

Whinchat

Britschgi A, Spaar R, Arlettaz R (2006) Impact of grassland
farming intensification on the breeding ecology of an indi-
cator insectivorous passerine, the Whinchat Saxicola rube-
tra: lessons for overall Alpine meadowland management.
Biol Conserv 130:193–205

Cramp S (1988) The birds of the western Palearctic, Vol 5.
Oxford University Press, Oxford

Garnett MC, MacFadzean S, Townsend M (1988) The forag-
ing ecology of the whinchat (Saxicola rubetra) in Wales.
RSPB, Sandy

Kostin YuV (1983) Birds of the Crimea. Nauka Press, Moscow
(in Russian)

Prokof’yeva IV (1980) Feeding of meadow passerine birds in
nesting period. Ornitologiya 15:

von Labhardt A (1988) Zur nahrung des Braunkehlchens (Saxi-
cola rubetra) wahrend der Jungenaufzucht. Beih Veroff
Naturschutz Landschaftspflege Bad Wurtt 51:179–185

Stonechat

Cummins S, O’Halloran J (2002) An assessment of the diet of
nestling stonechats Saxicola torquata using compositional
analysis. Bird Study 49:139–145

Greig-Smith PW, Quicke DLJ (1983) The diet of nesting
stonechats. Bird Study 30:47–50

Kostin YuV (1983) Birds of the Crimea. Nauka Press, Moscow
Nechaev AV (1991) Ptitsy ostrova Sakhalin. Vladivostok Insti-

tute of Biology and Pedology, Vladivostok (in Russian)
Revaz E, Schaub M, Arlettaz R (2008) Foraging ecology and

reproductive biology of the stonechat Saxicola torquata: a
comparison between a revitalized, intensively cultivated
and a historical, traditionally cultivated agro-ecosystem.
J Ornithol 149:301–312

Sielel H (1990) The influence of management on food size in
the menu of insectiverous animals. Proc Exp Appl Entomol
1:69–74

Wheatear

Artem’yev YuT, Popov VA (1978) Family Turdidae. In: Popov
VA (ed) Birds of the Volga-Kama Territory. Nauka Press,

3



Moscow, p 70–94 (in Russian)
Bel’skaya GS (1992) Peculiarities of bird biology in arid condi-

tions. Ylym Press, Ashgabat, p 222–248
Brooke M, De L (1981) How an adult wheatear (Oenanthe

oenanthe) uses its territory when feeding nestlings. J
Anim Ecol 50:683–696

Cramp S (1988) The birds of the western Palearctic, Vol 5.
Oxford University Press, Oxford

Danilov NN, Ryzhanovskiy VN, Ryabitsev VK (1984) Birds of
Yamal Peninsula. Nauka Press, Moscow

Dorzhiev TsZ, Khertuev VN (1992) Wheatear ecology in
Trans-Baikalia. Buryatian Scientific Centre of the Siberian
Branch of the Russian Academy of Science, Ulan-Ude

Gubin BM, Kovshar AF (1985) On the common wheatear biol-
ogy in the high-mountain areas of Tien-Shan’. Orni-
tologiya 20:53–59

Kostin YuV (1983) Birds of the Crimea. Nauka Press, Moscow
Kri‰tín A, Patoãka J (1997) Birds as predators of Lepidoptera:

selected examples. Biologia 52:319–326
Prokof’yeva IV (1980) Feeding of meadow passerine birds in

nesting period. Ornitologiya 15
Prokof’yeva IV (2001) Pitanie i aktivnost’ kamenki Oennathe

oenanthe v gnezdovoi period na yuge Leningradskoi
oblasti. Russ J Ornithol 130:69–73

Ring ouzel

Burfield I (2002) The breeding ecology and conservation of
the ring ouzel Turdus torquatus in Britain. Unpublished
PhD thesis, University of Cambridge, Cambridge

Cramp S (1988) The birds of the western Palearctic, Vol 5.
Oxford University Press, Oxford

Tyler SJ, Green M (1994) The status and breeding ecology of
ring ouzels Turdus torquatus in Wales with reference to
soil acidity. Welsh Bird Rep 7:78–89

Snow bunting

Cramp S, Perrins CM (1994) The birds of the western Palearc-
tic, Vol 9. Oxford University Press, Oxford

Hussell DJT (1972) Factors affecting clutch size in arctic
passerines. Ecol Monogr 42:317–364

Lyon BE, Montgomerie RD, Hamilton LD (1987) Male
parental care and monogamy in snow buntings. Behav
Ecol Sociobiol 20:377–382

Nethersole-Thompson D (1966) The snow bunting. Oliver &
Boyd, Edinburgh

SUPPLEMENT 2. REFERENCES FOR THE
ASSESSMENT OF CLIMATE IMPACTS ON KEY

INVERTEBRATE PREY

Lumbricidae

Berry EC, Jordon D (2001) Temperature and soil moisture
content effects on the growth of Lumbricus terrestris
(Oligochaeta: Lubmricidae) under laboratory conditions.
Soil Biol Biochem 33:133–136

Gerard BM (1967) Factors affecting earthworms in pastures.
J Anim Ecol 36:235–252

Lance Presley M, McElroy TC, Diehl WJ (1996) Soil moisture
and temperature interact to affect growth, survivorship,
fecundity and fitness in the earthworm Eisenia fetida.
Comp Biochem Physiol A 114:319–326

Pelosi C, Bertrand M, Makowski D, Roger-Estrade J (2008)
WORMDYN: A model of Lumbricus terrestris popula-
tion dynamics in agricultural fields. Ecol Modell 218:
219–234

Phillipson J, Abel R, Steel J, Woodell SRJ (1976) Earthworms
and the factors governing their distribution in an English
beech wood. Pedobiologia 16:258–285

Sheldon RD, Chaney K, Tyler G (2002) Lapwings, earthworms
and agriculture. Asp Appl Biol 67:93–100

Wever LA, Clapperton MJ (2001) The influence of soil mois-
ture and temperature on the survival, aestivation, growth
and development of juvenile Aporrectodea tuberculata
(Eisen) (Lumbricidae). Pedobiologia 45:121–133

Whalen JK, Parmelee RW (1999) Growth of Aporrectodea
tuberculata (Eisen) and Lumbricus terrestris L. under lab-
oratory and field conditions. Pedobiologia 43:1–10

Zaller JG, Arnine JA (1999) Earthworm and soil moisture
effects on the productivity and structure of grassland com-
munities. Soil Biol Biochem 31:517–523

Lepidoptera

Battisti A, Stastny M, Netherer S, Robinet C, Schopf A,
Roques A, Larsson S (2005) Expansion of geographic
range in the pine processionary moth caused by increased
winter temperatures. Ecol Appl 15:2084–2096

Conrad KF, Woiwood IP, Perry JN (2002) Long-term decline in
abundance and distribution of the garden tiger moth (Arc-
tia caja) in Great Britain. Biol Conserv 106:329–337

Crozier L (2003) Winter warming facilitates range expansion:
cold tolerance of the butterfly Atalopedes campestris.
Oecologia 135:648–656

Dewar RC, Watt AD (1992) Predicted changes in the syn-
chrony of larval emergence and budburst under climate
warming. Oecologia 89:557–559

Forkner RE, Marquis RJ, Lill JT, Le Corff J (2008) Timing is
everything? Phenological synchrony and population vari-
ability in leaf-chewing herbivores of Quercus. Ecol Ento-
mol 33:276–285

Franco AMA, Hill JK, Kitschke C, Collingham Y and others
(2006) Impacts of climate warming and habitat loss on
extinctions at species’ low-latitude range boundaries.
Glob Change Biol 12:1545–1553

Kerslake JE, Kruuk LEB, Hartley SE, Woodin SJ (1996) Winter
moth (Operophtera brumata (Lepidoptera: Geometridae))
outbreaks on Scottish heather moorlands: effects of host
plant and parasitoids on larval survival and development.
Bull Entomol Res 86:155–164

Merrill RM, Gutierrez D, Lewis OT, Gutierrez J, Diez SB, Wil-
son RJ (2008) Combined effects of climate and biotic inter-
actions on the elevational range of a phtyophagous insect.
J Anim Ecol 77:145–155

Miller DR, Mo TK, Wallner WE (1989) Influence of climate on
gypsy moth defoliation in southern New England. Environ
Entomol 18:646–650

Morecroft MD, Bealey CE, Howells O, Rennie S, Woiwod IP
(2002) Effects of drought on contrasting insect and plant
species in the UK in the mid-1990s. Glob Ecol Biogeogr 11:
7–22

Myers JH (1998) Synchrony in outbreaks of forest Lepido-
ptera: a possible example of the Moran effect. Ecology 79:
1111–1117

Reynolds LV, Ayres MP, Siccama TG, Holmes RT (2007) Cli-
mate effects on caterpillar fluctuations in northern hard-
wood forests. Can J Res 37:481–491

Sillett TS, Holmes RT, Sherry TW (2000) Impacts of a global

4



climate cycle on population dynamics of a migratory song-
bird. Science 288:2040–2042

Staley JT, Hodgson CJ, Mortimer SR, Morecroft MD, Masters
GJ, Brown VK, Taylor ME (2007) Effects of summer rain-
fall manipulations on the abundance and vertical distribu-
tion of herbivorous soil macro-invertebrates. Eur J Soil
Biol 43:189–198

Szentkiralyi F, Lesko K, Kadar F (2007) Climatic effects on
long-term fluctuations in species richness and abundance
level of forest macrolepidopteran assemblages in a Hun-
garian mountainous region. Carp J Earth Environ Sci 2:
73–82

Tenow O (1990) Hazards to a mountain birch forest — Abisko
in perspective. Ecol Bull 45:104–114

Tenow O, Nilssen A (1990) Egg cold hardiness and topo-
graphic limitations to outbreaks of Epirrita autumnata in
northern Fennoscandia. J Appl Ecol 27:723–734

Thomas CD, Franco AMA, Hill JK (2006) Range retractions
and extinctions in the face of climate warming. Trends
Ecol Evol 21:415–416

Virtanen T, Neuvonen S (1999) Performance of moth larvae
on birch in relation to altitude, climate, host quality and
parasitoids. Oecologia 120:92–101

Visser ME, Holleman LJM (2001) Warmer springs disrupt the
synchrony of oak and winter moth phenology. Proc Biol
Sci 268:289–294

Werner RA (1978) Overwintering survival of the spear-
marked black moth Rheumaptera hastata (Lepidoptera:
Geometridae) pupae in interior Alaska. Can Entomol 110:
877–882

Williams DW, Liebhold AM (1995) Influence of weather on the
synchrony of gypsy moth (Lepidoptera: Lymantriidae) out-
breaks in New England. Environ Entomol 24:987–995

Williams DW, Long RP, Wargo PM, Liebhold AM (2000)
Effects of climate change on forest insect and disease out-
breaks. Ecol Stud 139:455–494

Wilson JD, Morris AJ, Arroyo BE, Clark SC, Bradbury RB
(1999) A review of the abundance and diversity of inverte-
brate and plant foods of granivorous birds in northern
Europe in relation to agricultural change. Agric Ecosyst
Environ 75:13–30

Tipulidae

Blackshaw RP (1990) Observations on the distribution of
leatherjackets in Northern Ireland. Ann Appl Biol 116:
21–26

Blackshaw R, Petrovskii S (2007) Limitation and regulation of
ecological populations: a meta-analysis of Tipula paludosa
field data. Math Model Nat Phenom 2:46–62

Coulson JC (1959) Observations on the Tipulidae (Diptera) of
the Moor House Nature Reserve, Westmoreland. Trans R
Entomol Soc Lond 111:157–174

Coulson JC (1962) The biology of Tipulia subnodicornis
Zetterstedt, with comparative observations on Tipula
paludosa Meigen. J Anim Ecol 31:1–21

Coulson JC (1988) The structure and importance of inverte-
brate communities on peatlands and moorlands, and
effects of environmental and management changes. In:
Usher MB, Thompson DBA (eds) Ecological change in the
uplands. Blackwell Scientific Publications, Oxford,
p 365–380

Durance I, Ormerod SJ (2007) Climate change effects on
upland stream macroinvertebrates over a 25-year period.
Glob Change Biol 13:942–957

Mayor JG, Davies MH (1976) A survey of leatherjacket popu-

lations in south-west England, 1963–1974. Plant Pathol 25:
121–128

McCracken DI, Foster GN, Kelly A (1995) Factors affecting
the size of leatherjacket (Diptera: Tipulidae) populations
in pastures in the west of Scotland. Appl Soil Ecol 2:
203–213

Meats A (1967a) The relation between soil water tension and
the rate of development of the eggs of Tipula oleracea and
T. paludosa (Diptera) in turf. Entomol Exp Appl 10:312–320

Meats A (1967b) The relation between soil water tension and
growth rate of Tipula oleracea and T. paludosa (Diptera:
Nematocera). Entomol Exp Appl 10:394–400

Milne A, Laughlin R, Coggins RE (1965) The 1955 and 1959
population crashes of the leatherjacket, Tipula paludosa
Meigen, in Northumberland. J Anim Ecol 34:529–534

Pearce-Higgins JW, Yalden DW (2004) Habitat selection, diet,
arthropod availability and growth of a moorland wader:
the ecology of European Golden Plover Pluvialis apricaria
chicks. Ibis 146:335–346

Pearce-Higgins JW, Dennis P, Whittingham MJ, Yalden DW
(2010) Impacts of climate on prey abundance account for
fluctuations in a population of a northern wader at the
southern edge of its range. Glob Change Biol 16:12–23

Chironomidae

Aquillina R, Williams P, Nicolet P, Stoate C, Bradbury R (2007)
Effects of wetting-up ditches on emergent insect numbers.
Asp Appl Biol 81:261–262

Axford Y, Miller GH, Geirsdottir A, Langdon PG (2007)
Holocene temperature history of northern Iceland inferred
from subfossil midges. Quat Sci Rev 26:3344–3358

Boulton AJ (2003) Parallels and contrasts in the effects of
drought on stream macroinvertebrate assemblages.
Freshw Biol 48:1173–1185

Brodersen KP, Anderson NJ (2002) Distribution of Chirono-
mids (Diptera) in low arctic West Greenland lakes: trophic
conditions, temperature and environmental reconstruc-
tion. Freshw Biol 47:1137–1157

Durance I, Ormerod SJ (2007) Climate change effects on
upland stream macroinvertebrates over a 25-year period.
Glob Change Biol 13:942–957

Granados I, Toro M (2000) Recent warming in a high moun-
tain lake (Laguna Cimera, Central Spain) inferred by
means of fossil chironomids. J Limnol 59(Suppl 1):109–119

Hågvar S, Klanderud K (2009) Effect of simulated environ-
mental change on alpine soil arthropods. Glob Change
Biol 15:2972–2980

Hodkinson ID, Coulson SJ, Webb NR, Block W, Strathdee AT,
Bale JS, Worland R (1996) Temperature and the biomass of
flying midges (Diptera: Chironomidae) in the High Arctic.
Oikos 75:241–248

Hogg ID, Williams DD (1996) Response of stream inverte-
brates to a global-warming thermal regime an ecosystem-
level manipulation. Ecology 77:395–407

Hoye TT, Forchhammer MC (2008) The influence of weather
conditions on the activity of high-arctic arthropods
inferred from long-term observations. BMC Ecol 8:8

Tixier G, Wilson KP, Dudley Williams D (2009) Exploration of
the influence of global warming on the chironomid com-
munity in a manipulated shallow groundwater system.
Hydrobiologia 624:13–27

Woodward CA, Shulmeister J (2006) New Zealand chirono-
mids as proxies for human-induced and natural environ-
mental change: transfer functions for temperature and
lake production (chlorophyll a). J Paleolimnol 36:407–429

5



Hymenoptera

Aebischer NJ (1990) Assessing pesticide effects on non-target
invertebrates using long-term monitoring and time-series
modelling. Funct Ecol 4:369–373

Barker AM, Reynolds CJM (2004) Do host–plant interactions
and susceptibility to soil cultivation determine the abun-
dance of gramnivorous sawflies on British farmland? J
Agric Urban Entomol 21:257–269

Craig TP, Wagner MR, McCullough DG, Frantz DP (1991)
Effects of experimentally altered plant moisture stress on
the performance of Neodiprion sawflies. For Ecol Manage
39:247–261

Frampton GK, van den Brink PJ, Gould PJL (2000) Effects of
spring drought and irrigation on farmland arthropods in
southern Britain. J Appl Ecol 37:865–883

Hoye TT, Forchhammer MC (2008) The influence of weather
conditions on the activity of high-arctic arthropods
inferred from long-term observations. BMC Ecol 8:8

Kerslake JE, Kruuk LEB, Hartley SE, Woodin SJ (1996) Winter
moth (Operophtera brumata (Lepidoptera: Geometridae))
outbreaks on Scottish heather moorlands: effects of host
plant and parasitoids on larval survival and development.
Bull Entomol Res 86:155–164

Virtanen T, Neuvonen S (1999) Performance of moth larvae
on birch in relation to altitude, climate, host quality and
parasitoids. Oecologia 120:92–101

Wang C, Strazanac JS, Butler L (2001) Association between

ants (Hymenoptera: Formicidae) and habitat characteris-
tics in oak-dominated mixed forests. Environ Entomol 30:
842–848

Coleoptera

Frampton GK, van den Brink PJ, Gould PJL (2000) Effects of
spring drought and irrigation on farmland arthropods in
southern Britain. J Appl Ecol 37:865–883

Morecroft MD, Bealey CE, Howells O, Rennie S, Woiwod IP
(2002) Effects of drought on contrasting insect and plant
species in the UK in the mid-1990s. Glob Ecol Biogeogr 11:
7–22

Pearce-Higgins JW, Yalden DW (2004) Habitat selection, diet,
arthropod availability and growth of a moorland wader:
the ecology of European golden plover Pluvialis apricaria
chicks. Ibis 146:335–346

Staley JT, Hodgson CJ, Mortimer SR, Morecroft MD, Masters
GJ, Brown VK, Taylor ME (2007) Effects of summer rain-
fall manipulations on the abundance and vertical distribu-
tion of herbivorous soil macro-invertebrates. Eur J Soil
Biol 43:189–198

Szentkiralyi F, Lesko K, Kadar F (2007) Climatic effects on
long-term fluctuations in species richness and abundance
level of forest macrolepidopteran assemblages in a Hun-
garian mountainous region. Carp J Earth Environ Sci 2:
73–82

6


