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ABSTRACT. Body length (L) and head capsule
length (h) in 12 common species of Svalbard Collembola were measured, and h/L ratios calculated. For all the
species studied, h/L relationships could be approximated by linear regressions, which could be used for calculations of individual body weight and related parameters, and analyses of species population structure.
ÐÅÇÞÌÅ.Ïðîâåäåíû èçìåðåíèÿ äëèíû òåëà (L)
è äëèíû ãîëîâíîé êàïñóëû (h) ó 12 îáû÷íûõ âèäîâ
íîãîõâîñòîê àðõèïåëàãà Ñâàëüáàðä è ðàññ÷èòàíû
îòíîøåíèÿ h/L. Äëÿ âñåõ èçó÷åííûõ âèäîâ ñâÿçü
ìåæäó ýòèìè ïîêàçàòåëÿìè àïïðîêñèìèðóåòñÿ
ëèíåéíîé ðåãðåññèåé, ÷òî ìîæåò áûòü èñïîëüçîâàíî
äëÿ ðàñ÷åòîâ èíäèâèäóàëüíîãî âåñà òåëà è ñâÿçàííûõ
ñ íèì ïàðàìåòðîâ, è àíàëèçà ñòðóêòóðû ïîïóëÿöèè
èçó÷åííûõ âèäîâ.

Introduction
Morphometric information on Collembola and other
microarthropods had been intensively collected and widely used in the times of IBP for various structural and
functional comparisons of species and populations [e.g.
Petersen, 1995; Persson & Lohm, 1977; Petersen & Luxton, 1982]. For studies analysing population structure,
demography and productivity of springtail species, knowledge of morphometric parameters (like body or head
capsule length) and interrelationships between them, individual biomass and metabolic processes is crucial for
necessary calculations and treatment of mass materials
obtained [Hale, 1966; Healey, 1967; Persson & Lohm,
1977; Uvarov, 1994]. However, only small number of
collembolan species are so far investigated in this respect
[Petersen, 1975; Uvarov, 1987]. It was shown [op. cit.] that
head capsule length (h) and body length (L) are linearly
related and therefore h (being easier to measure than L)
may be used as the basic morphometric parameter.
Various studies on population strategies, demogra-

phy, reactions to site conditions and migrations have
been recently performed for abundant collembolan species on Svalbard [Hertzberg, 1997; Birkemoe & Sømme,
1998; Hertzberg & Leinaas, 1998; Hertzberg et al.,
2000; and others]. In contrast, few investigations were
aimed at participance of Collembola in Svalbard ecosystem functioning [Byzova et al., 1995]. Morphometric relationships may be a useful tool for interconnection of these research fields. Extensive morphometric
data have been collected for the functionally most important species dominating the main type of Svalbard
ecosystems, and the type of h/L relationship is investigated in the present work.

Materials and Methods
Collembolans were collected at three tundra sites
typical for the seashore plain of the southern exposition
on the northern coast of Hornsund Bay, southern Spitsbergen, during the snowless season of 1989 [Byzova et
al., 1995]. Study area was situated in the vicinity of
Polish Polar Station and belonged to the southern watershed of Ariekamen  Fugleberget mountain system.
Map and description of the study area were presented in
Klekowski & Opaliñski [1992]. The sites studied were
characterised in detail by Byzova et al. [1995], here the
main features are outlined.
Site 1. Polygonal tundra. Irregular polygons (12 m
in diameter) of fine mineral soil covered by a thin layer of
cyanobacteria. Soil of gelic gleysol type (FAO classification). Polygons were surrounded by cracks with rocky
debris and narrow bands of vegetation dominated by
Salix spp., Saxifraga spp., various mosses and lichens.
Site 2. Mossy-lichenous tundra. Compact plant
cover dominated by Salix polaris, lichens and mosses,
on the soil of histic regosol type.
Site 3. Mossy swamp. A 2030 cm deep moss and
turf layers on the soil of histic gleysol type. Moss cover
dominated by Calliergon stramineum. Regular season-
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Table 1. Summary of morphometric data: total number (n), h and L ranges (mm) of specimens measured,
and equations of h/L relationship.
Lad values represent upper limits of body length in adult animals
[after Fjellberg, 1980, 1994, 1998; Babenko et al., 1994; Potapov, 2001).
Òàáëèöà 1. Ðåçóëüòàòû ìîðôîìåòðè÷åñêèõ èçìåðåíèé: îáùåå êîëè÷åñòâî èçìåðåííûõ îñîáåé, äèàïàçîí h è L
(ìì), è óðàâíåíèÿ çàâèñèìîñòè ìåæäó h è L.
Çíà÷åíèÿ Lad ïðåäñòàâëÿþò ïðåäåëüíóþ äëèíó òåëà ó âçðîñëûõ îñîáåé
[ïî: Fjellberg, 1980, 1994, 1998; Áàáåíêî è äð., 1994; Potapov, 2001].

al pasture of barnacle geese.
The sites were contrast by microclimatic conditions.
Depth of snow cover was maximum at site 3 (up to 1 m),
and sequence of complete snow melting was site 1 (midMay)  site 2 (beginning of June)  site 3 (mid-June).
Soil moisture levels (measured throughout the vegetative season, % of wet weight) significantly increased in
the above row, from 1825% and 3349% (site 1, soil
on polygons and under vegetation belts, respectively),
to 5274% (site 2) and 7988% (site 3). In contrast, soil
of open polygons was markedly warmer than under
vegetation of any site. In general, site 1 had the most
harsh conditions, being the driest in summer and the
least snow-covered during the cold seasons. Site 3 was
presumably the most favourable being the best frost
protected in winter and having stable moisture condition in summer, whereas other sites were increasingly
dried towards the end of summer season. Consequently,
densities and biomass of soil microarthropods (in particular springtails) generally increased from site 1 to site
3 [Byzova et al., 1995].
Sampling was performed in three-week intervals, during May  August (site 1) or June  August (sites 2 and 3).
Samples were taken with a 5 x 5 cm metal corer to the
inhabited soil depth (usually 515 cm). Collembolans
were extracted into 70o ethanol by means of Tullgren
funnels and mounted on constant slides in Faure medium.
To avoid pressure of covering glass and distortion of the
preserved animals, props under the covering glass (small
pieces of the same glass or sand granules) were used.
Head and body lengths of springtails were measured
following the method described by Tamura [1974]. By

means of microscope with a drawing apparatus, body
length of a specimen was drawn at a 100x magnification
as a curved line on a sheet of paper, by tracing through the
central line of the body from the tip of the mouthparts to
the abdominal end [op. cit.]. Head dimensions were
indicated on the body length line. Then head capsule
length (straight line) and body length were measured to
the nearest 0.5 and 1 mm by a ruler and a curvimeter,
respectively. The values obtained were divided by 100,
which gave actual dimensions studied with the precision
of 0.005 and 0.01 mm, respectively. Since the length of
alcohol preserved and slide-mounted springtails increases by 415% (various species, after Petersen [1975]) or
ca. 10% (Hypogastrura tullbergi, after Birkemoe & Leinaas [1999]) as compared with living specimens, a correction of (-10%) to the measured L and h was introduced. At
any site, numbers of measured specimens of the species
studied were distributed more or less evenly across the
sampling season.
KolmogorovSmirnovs λ [Lakin, 1973] was used
to test intersite differences in population structure (size
classes distribution) of species studied. Range of size
classes was arbitrarily taken 0.07 mm (by body length)
for all species. Regression slopes were compared after
Sokal & Rolph [1995].

Results and discussion
Body length (L) and head capsule length (h) were
measured for 12 common Svalbard species representing
4 families (after Babenko et al. [1988]): Hypogastruridae
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Figs 15. Relationship between head capsule length (h, mm) and body length (L, mm) in Collembola of Svalbard: 11a 
Hypogastrura tullbergi, 2  H. viatica, 3  H. (Ceratophysella) longispina, 4  Xenylla humicola, 5  Oligaphorura groenlandica.
Ðèñ. 15. Ñîîòíîøåíèå ìåæäó äëèíîé ãîëîâíîé êàïñóëû (h, ìì) è äëèíîé òåëà (L, ìì) ó êîëëåìáîë àðõèïåëàãà Ñâàëüáàðä:
11a  Hypogastrura tullbergi, 2  H. viatica, 3  H. (Ceratophysella) longispina, 4  Xenylla humicola, 5  Oligaphorura
groenlandica; adults  âçðîñëûå, juveniles  íåïîëîâçðåëûå.

(4 species), Neanuridae (2), Onychiuridae (1), Isotomidae (5). For all species, size of measured animals covered
the range from relatively small juveniles to adults (as
compared with body size of adults from literature, Table
1).

Relationships between h and L were significantly
approximated by linear regressions (Figs 112) with high
values of R2 (from 0.76 to 0.98), except for the regression
for Micranurida pygmaea where a small number of
measurements resulted in a much lower though also a
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Figs 611. Relationship between head capsule length (h, mm) and body length (L, mm) in Collembola of Svalbard: 6  Anurida
polaris, 7  Micranurida pygmaea, 8  Agrenia bidenticulata, 9  Desoria tshernovi, 10  Isotoma anglicana, 11  Folsomia alpha.
Ðèñ. 611. Ñîîòíîøåíèå ìåæäó äëèíîé ãîëîâíîé êàïñóëû (h, ìì) è äëèíîé òåëà (L, ìì) ó êîëëåìáîë àðõèïåëàãà Ñâàëüáàðä:
6  Anurida polaris, 7  Micranurida pygmaea, 8  Agrenia bidenticulata, 9  Desoria tshernovi, 10  Isotoma anglicana, 11 
Folsomia alpha.

significant R2 value (Table 1). Ratio between h and L has
been previously studied for 9 isotomid, onychiurid and
neanurid species common in the Moscow region [Uvarov,
1987]. Despite the different method of measurements
used in the latter work (by means of an ocular microme-

ter; h was measured from occiput to mandibulae bases),
both studies showed highly significant linear relationships between the parameters studied. Thus, proportional
increase of h and L with age may be considered a reliable
approximation for various species belonging to primitive
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Fig. 12. Relationship between head capsule length (h, mm) and body length (L, mm) in Collembola of Svalbard: 1212a  F.
quadrioculata.
Fig. 12. Ñîîòíîøåíèå ìåæäó äëèíîé ãîëîâíîé êàïñóëû (h, ìì) è äëèíîé òåëà (L, ìì) ó êîëëåìáîë àðõèïåëàãà Ñâàëüáàðä: 12
12a  F. quadrioculata; adults  âçðîñëûå, juveniles  íåïîëîâçðåëûå.

collembolan groups (podurids and isotomids) and occupying contrast geographic zones. Furthermore, for a widely
distributed species Folsomia quadrioculata occurring
both in the Moscow region [op. cit.] and on Svalbard (this
study), linear type of h/L relationship was not affected by
geographic distribution.
There is evidence, however, that relative growth of h
against L slows down in larger animals. E.g., regression
lines calculated separately for juveniles and adults of F.
quadrioculata and H. tullbergi (divided into size classes of 0.07 mm and separated at 0.92 and 0.85 mm,
respectively, after Birkemoe & Sømme [1998]) showed
steeper regression slopes for adults in both species (Figs
1a and 12a; Table 1). Thus, h/L relationships could be
further defined more accurately regarding age and possibly sex of the animals studied.
Head capsule length and h/L relationships were
considered useful for estimations of individual dry (Wd)
and fresh (Wf) body weights, and other related parameters of the species studied [Uvarov, 1987]. For body
weight calculations on the basis of head capsule length,
the following algorithm is suggested:
(1) L = bh + a ;
(2) Wd = a Lb ;
(3) log Wd = b log L + log a = b log (bh + a) + log a
;
(4) Wf = r Wd ;
(5) log Wf = log Wd + log r = b log (bh + a) + (log a +
log r),
where
a and b are coefficients of the h/L relationship; a

and b are coefficients of the power relationship between L and Wd; r is ratio between dry and fresh body
weight. For the species studied, plausible values of a,
b and r compiled from literature, are outlined in Table
2.
Parameters of h/L relationships may be indicative for
intra- and interspecies comparisons of populations inhabiting different sites. Thus, polygonal and mossy-lichenous tundra sites at Hornsund (sites 1 and 2, respectively)
studied by Byzova et al. [1995], were dominated by F.
quadrioculata (7080% of abundance), H. tullbergi and
Xenylla humicola. Patterns of size classes distribution in
populations of all three species, according to Kolmogorov-Smirnovs test, did not differ significantly in the ranges covering 86100% of their abundance in both sites that
made it possible to compare corresponding h/L regressions (Table 3). In F. quadrioculata slopes of h/L equations were similar, whereas in H. tullbergi and X. humicola values of Fs showed significant differences between
the slopes at sites 1 and 2. For the latter two species
different h/L slopes may reflect variations in population
response to contrast site conditions. Indeed, both in H.
tullbergi and X. humicola populations average density
and proportion of young animals (<0.85 mm body length)
were definitely higher at site 2 than at site 1 [Byzova et al.,
1995, and unpubl. data]. H. tullbergi on Svalbard is
known to be influenced by winter mortality [Birkemoe &
Sømme, 1998] which is presumably higher at site 1 with
the harshest winter conditions. Besides, density and population structure could be also affected by drier summer
conditions at site 1. It is not known whether a similar
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Table 2. Parameters of the equations for calculations of dry and fresh body weight
on the basis of head capsule length, as compilated from literature.
Reference 1 refer to b and log a values, reference 2  to r values. For explanations see text.
Òàáëèöà 2. Ïàðàìåòðû óðàâíåíèé äëÿ ðàñ÷¸òîâ ñóõîãî è æèâîãî âåñà òåëà íà îñíîâå äëèíû ãîëîâíîé êàïñóëû, ïî
ëèòåðàòóðíûì äàííûì. Reference 1 îòíîñèòñÿ ê çíà÷åíèÿì b è log a, Reference 2  ê çíà÷åíèÿì r. Îáúÿñíåíèÿ â
òåêñòå.

also for H. viatica, H. (C.) longispina and X. humicola;
also for A. polaris and M. pygmaea;
(3)
also for F. alpha;
(4)
also for A. bidenticulata.

òàêæå äëÿ H. viatica, H. (C.) longispina è X. humicola;
òàêæå äëÿ A. polaris è M. pygmaea;
(3)
òàêæå äëÿ F. alpha;
(4)
òàêæå äëÿ A. bidenticulata.

(1)

(1)

(2)

(2)

Table 3. Intersite differences in h/L regression equations. λ  values of Kolmogorov-Smirnovs test; Fs  significance test of differences between the regression slopes [Sokal & Rolph, 1995]; n  number of measured individuals.
Òàáëèöà 3. Ìåæáèîòîïè÷åñêèå ðàçëè÷èÿ óðàâíåíèé h/L ðåãðåññèè. λ  çíà÷åíèÿ èíäåêñà Êîëìîãîðîâà-Ñìèðíîâà;
Fs  äîñòîâåðíîñòü ðàçëè÷èé ìåæäó êîýôôèöèåíòàìè ðåãðåññèè (b) [Sokal & Rolph, 1995]; n  ÷èñëî èçìåðåííûõ
îñîáåé.

explanation can be suggested for the similar response in
X. humicola. In contrast, F. quadrioculata is a habitatgeneralist with high densities in various vegetation types
[op. cit.], in particular in Hornsund area [Uvarov &
Byzova, 1995; Byzova et al., 1995]. Between the sites 1
and 2, its density variations were smaller [op. cit.] and
proportions of youngsters (body length <0.92 mm) similar. In highly drought sensitive O. groenlandica
[Hertzberg et al., 2000], significantly different h/L slopes
(Table 3) might indicate population response to more
(site 3) or less (site 2) favourable soil moisture conditions. Thus, h/L relationship may be a sensitive test
indicating community changes earlier than size classes
distribution (λ index).

In general, usage of h instead of L in population
analyses may be preferable when mass material is involved, due to faster process of h estimation.
ACKNOWLEDGEMENTS. I wish to thank Dr. A.B.
Babenko and Dr. S.K. Stebayeva for the critical comments on the MS. The work was supported by Russian
Foundation for Basic Research.

References
Babenko A.B., Kuznetsova N.A., Potapov M.B., Stebaeva S.K.,
Khanislamova G.M. & Chernova N.M. 1988. [Identification
keys of Collembola of the USSR]. Moscow: Nauka Sci. Publ.
214 pp. [in Russian].

Relationship between head capsule length and body length in Collembola
Babenko A.B., Potapov M.B., Stebaeva S.K. & Chernova N.M. 1994.
[Collembola of Russia and adjacent countries: Family Hypogastruridae] Moscow: Nauka Sci. Publ. 336 pp. [in Russian].
Birkemoe T. & Leinaas H.P. 1999. Reproductive biology of the
arctic collembolan Hypogastrura tullbergi // Ecography.
Vol.22. No.1. P.3139.
Birkemoe T. & Sømme L. 1998. Population dynamics of two
collembolan species in an Arctic tundra // Pedobiologia.
Bd.42. Hf.2. P.131145.
Byzova J.B., Uvarov A.V. & Petrova A.D. 1995. Seasonal changes
in communities of soil invertebrates in tundra ecosystems of
Hornsund, Spitsbergen // Polish Polar Research. Vol.16.
No.3/4. P.245266.
Edwards C.A. 1967. Relationships between weights, volumes and
numbers of soil animals // O. Graff & E. Satchell (eds.).
Progress in Soil Biology. Proc. Colloq. on Dynamics of Soil
Communities, Braunschweig 510 Sept., 1966. Braunschweig. P.585594.
Fjellberg A. 1980. Identification keys to Norwegian Collembola
Norsk Entomologisk Forening. Oslo. 152 pp.
Fjellberg A. 1994. The Collembola of the Norwegian Arctic islands
// Norsk Polarinstitutt. Meddelelser No.133. Oslo. 57 pp.
Fjellberg A. 1998. The Collembola of Fennoscandia and Denmark. Part I: Poduromorpha // Fauna Entomologica Scandinavica. Vol.35. 183 pp.
Hale W.G. 1966. A population study of moorland Collembola
// Pedobiologia. Bd.6. Hf.1. P.6599.
Healey I.N. 1967. The energy flow through a population of soil
Collembola // K. Petrusewicz (ed.), Secondary Productivity
of Terrestrial Ecosystems. Vol.2. Warszawa  Krakow. P.695
708.
Hertzberg K. 1997. Migration of Collembola in a patchy
environment // Pedobiologia. Bd.41. Hf.6. P.494505.
Hertzberg K. & Leinaas H.P. 1998. Drought stress as a mortality
factor in two pairs of sympatric species of Collembola at
Spitsbergen, Svalbard // Polar Biology. Vol.19. P. 302306.
Hertzberg K., Yoccoz N.G., Ims R.A. & Leinaas H.P. 2000. The
effects of spatial habitat configuration on recruitment,
growth and population structure in arctic Collembola //
Oecologia. Vol.124. P.381390.
Klekowski R.Z. & Opalinski K.W. 1992. Polish biological
investigations in Spitsbergen // K.W. Opalinski, R.Z.

113

Klekowski (eds.). Landscapes, Life World and Man in High
Arctic. Warsaw: Institute of Ecology, Polish Acad. Sci.
P.139158.
Lakin G.F. 1973. [Biometry]. Moscow: Vysshaya Shkola. 343 pp. [in
Russian].
Persson T. & Lohm U. 1977. Energetical significance of the
annelids and arthropods in a Swedish grassland soil //
Ecological Bulletin. Vol.23. No.1. P.1211.
Petersen H. 1975. Estimation of dry weight, fresh weight, and
calorific content of various Collembolan species // Pedobiologia. Bd.14. Hf.3. P.222243.
Petersen H. 1995. Energy flow and trophic relations in soil
communities: State of knowledge two decades after the
International Biological Programme // C.A. Edwards, T. Abe
& B.R. Striganova (eds.). Structure and Function of Soil
Communities. Kyoto: Kyoto Univ. Press. P.111130.
Petersen H., Luxton M. 1982. A comparative analysis of soil fauna
populations and their role in decomposition processes //
Oikos. Vol.39. No.3. P.287388.
Potapov M. 2001. Synopses on Palaearctic Collembola. Vol. 3.
Isotomidae. Görlitz: Staatliches Museum für Naturkunde
Görlitz. 603 pp.
Sokal R.R. & Rolph F.J. 1995. Biometry. New York: Freeman and
Co. 887 pp.
Tamura H. 1974. A method for the measurement of curled body
length of Collembola // Revue dEcologie et Biologie du Sol.
Vol.11. No.3. P.353362.
Tanaka M. 1970. Ecological studies on communities of soil
Collembola in Mt. Sobo, southwest Japan // Japanese
Journal of Ecology. Vol.20. No.3. P.102110.
Uvarov A.V. 1987. Head capsule length/body length relationship in some species of Collembola // B.R. Striganova (ed.).
Soil Fauna and Soil Fertility. Proceedings of the 9th Intl.
Colloq. on Soil Zoology. Moscow: Nauka Sci. Publ. P.718
724.
Uvarov A.V. 1994. Succession dynamics of Collembola in the
course of decomposition of clover remains in soil // Acta
Zoologica Fennica. Vol.195. P.132134.
Uvarov A. & Byzova J.B. 1995. Species diversity and distribution
of Collembola in the vicinity of Polish Polar Station,
Hornsund area, Spitsbergen // Polish Polar Research.
Vol.16. No.3/4. P.233243.

