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Species that are locally abundant tend to be more widespread than species that are
locally rare. However, the opposite relationship has recently been observed with exten-
sive abundance data for Finnish butterflies collected by voluntary lepidopterist. We
were concerned about the suitability of these data for studying the distribution—abun-
dance relationship in Finnish butterflies. Thus, we reviewed Finnish mark—recapture
studies that report data for butterfly density. In these data, we found a positive den-
sity—distribution relationship for butterflies. Our study supports the conclusion that the

positive distribution—abundance relationship is a general pattern for butterflies.

Introduction

A positive relationship between local density and
distribution of species has been observed in a
variety of species assemblages over a spectrum
of spatial scales, and it has been suggested that
it may be almost a universal pattern in ecology
(Hanski er al. 1993, Lawton 1993, Gaston et
al. 1997, Gaston & Blackburn 2000). In other
words, species that are locally abundant tend
to be more widespread than species that are
locally scarce. Recently, this view has been
questioned by Piivinen et al. (2005) and Komo-
nen et al. (2009; see also Kotiaho et al. 2005),
who observed a negative distribution—abundance
relationship (Pidivinen et al. 2005) by analyz-
ing extensive data on the abundance of Finnish
butterflies (NAFI, http://www.ekay.net/). Based
on further analysis of the data, they suggested
that positive distribution—abundance relation-

ships might not be as general a macroecological
pattern as previously thought (Komonen et al.
2009). Blackburn and Gaston (2009) presented
criticism for the method to control for sampling
effort used by Komonen et al. (2009, see also
Kotiaho et al. 2009). Here we continue the criti-
cism of the data and analyses used by Péivinen et
al. (2005) and Komonen et al. (2009).

The NAFI data used by Piivinen et al. (2005)
and Komonen et al. (2009) are based on obser-
vations of butterflies collected by voluntary
lepidopterists in Finland. The NAFI database
includes the number of butterfly individuals for
each species observed in 10-km? squares cover-
ing the whole of Finland. Although robust guide-
lines on how to collect the data are provided (for
example that not only rare species should be
reported), these guidelines are not very specific.
This creates biases in the database (Saarinen et
al. 2003). For example, voluntary lepidopterists
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often are interested in observing rare species
with known occurrence sites, thus making rare
species overabundant in the database. Pdivinen
et al. (2005) and Komonen et al. (2009) control-
led for this effect by dividing the mean local
abundance by the number of observation days
in their analysis. These data were correlated
with the distribution data of Finnish butterflies
(Huldén et al. 2000) to calculate the distribution-
abundance relationship.

We believe that the correction made by
Piivinen et al. (2005) and Komonen et al. (2009)
for abundance in the NAFI database was not
enough in controlling the possible effects of sam-
pling of rare species with known occurrence sites.
First, the high-density locations of common spe-
cies are likely to be undersampled as compared
with those of rare species. The reason is that
voluntary lepidopterist may not be interested in
locating an optimal habitat (with highest density)
for common species, whereas known occurrence
sites where rare species are observed are likely
to be optimal habitat with the highest density
for the species. In other words, common species
are likely to be reported from areas where they
occur in low or medium densities more often than
rare species. This bias will not be corrected by
dividing the abundance data by sampling days.
Second, the density of butterflies in Finland typi-
cally peaks in the middle of the flight season and
densities are lower at the beginning and at the
end of the flight season. Rare species are likely
to be sampled during the best season to observe
these species, as voluntary lepidopterists may
want to make their field trips to known locations
of rare species (compare with twitching trips by
bird watchers to watch a rare species) when the
likelihood of encountering these species is high.
Instead, common species may be observed more
evenly throughout the flight season of the species.
Finally, to our knowledge the number of observa-
tion days in the most intensively monitored grid
squares could become very high in the NAFI
database. The intensively monitored grid squares
could, for example, surround the observers’ home
or summer residence. It seems likely that in these
sites common species are overabundant compared
to rare species. Thus, in some cases the number of
observation days used to divide local abundance
(Pdivinen et al. 2005, Komonen et al. 2009) may

have been very large for common species. In con-
trast, for rare species the number of observations
days is likely to be low, as the known occurrence
sites of the latter are often visited only on one
or a few days. Consequently, it is questionable
whether dividing the mean local abundance by the
number of observation days [the method used by
Piivinen et al. (2005) and Komonen et al. (2009)]
treated the density of common and rare species
similarly. The above-mentioned effects will bias
density estimates by increasing the abundance of
rare species in the NAFI data.

Due to the above-mentioned concerns about
the suitability of NAFI data for distribution-
abundance studies, we performed a review on
Finnish butterfly studies that used mark—recap-
ture methods to calculate population size (Helos
2008). We correlated the local densities in these
studies with the distributions of these species
using data of Huldén et al. (2000).

Material and methods

All mark-recapture studies of Finnish butterflies
that reported population size estimates and sizes
of sampling areas were included in this review
and were used to calculate local density of the
species (Table 1). Studies were found by search-
ing Web of Science and by asking butterfly
researchers at Finnish universities and environ-
mental agencies whether they knew of any pub-
lished mark—recapture studies performed at their
institute (for more information, see Helos 2008).

Results and discussion

The reviewed mark-recapture data showed a
clear positive density—distribution relation-
ship for Finnish butterflies (Fig 1; Spearman
rank correlation: n = 15, r_ = 0.56, p = 0.03).
Naturally, there are possible sources of error
in the reviewed density estimates. The studies,
for example, originate from different years and
methods used to calculate population size varied.
In addition, Piivinen et al. (2005) and Komo-
nen et al. (2009) estimated abundance across
Finland, whereas we used local abundance,
although we do not see any reason to expect



ANN.ZOOL.FENNICI Vol.47 -« Density—distribution relationship in butterflies 349

Q 5 35
] 3
& 'g 3 °
ITe) O n —
g SE e 3 :
a Ng s 325 o °
g be £ 3, . . e
— o 2 °
£ O ._ c 7] °
2 k= § &qs° '
o 5 r £ E '
o3 o _ i@ o
= oS 5 1 .
< ™ © o . < [
e 5 2 o ©S9 > | ©
S o O o NS » | £ 0.5
o =
£ 2o 8- &R ~ 3 05 1 1.5 2 25 3
S TOBN™ TN~ E— QT | = Distribution (log)
- "CB ‘0_.’ ; [o) ] E o E T % — ©
g K9 opape 232258328 o 2 £ Fig. 1. Local density in mark—recapture studies vs.
S &8 = § £5 ; 35 g s & @2 |5 nation-level distribution of Finnish butterflies.
g |S8EZESRESTESSFE| B
© V00590988 0PLsT@IT® | ©
o ITOXXYNIZSOL>3d00n> | 8 . . .
% that this would affect our conclusions. The sites
% of mark-recapture studies also likely are not a
2 | Bnmomwsosodrano | O random sample of sites where the species are
| DOOITVOOM SVOWLT | = o .
o= | NT - —¥-® qdq - @ resent. This is particularly the case for the
aE| ™ S
= $  mark—recapture studies of rare species, as these
© studies are usually located in places with the
22 8 & highest density for the species. This effect may
T'n | M o s . . .
9] o) - increase the density of rare species as compared
= C MO O N WL O™ OO QN — ©
3 ®© O TOOO-—ANANODO—~—TAN— OO - . . . .
() = °
| ES| SONOO-—O-ATCN® ®© with the density of common species in our data
At A =TS 3 imilar bias to wh pect in the NAFI
s @38 8 2 (a similar bias to what we expect in the
=] & | - £ data, see Introduction). In any case, this possible
o] %) .
G| - 2 bias (possibly leading to a false negative distri-
A ~ 8 bution—abundance relationship) did not prevent
| 38|32 T o
=l g oo onch Y| o us from observing a positive distribution—abun-
y— y— o I g p
o) o ® OTFTOrOor—— Sawow | £ . . .. .
o 00| N NN ~ | 5 dance relationship. In addition, the point made
o | Ng | @ © o
= & by Komonen ez al. (2009) that the positive dis-
c el . . . .
® @ tribution—abundance relationship may be due to
[ < .. .
e % © ©  missing rare species should not have an effect
o] c = = 1
2| S 2 2 E o e g @& here, because mark-recapture studies tend to be
© o= G © E._ © . p
é § > E g T3 § T3 § SEss _gg, 2 focused on rare species (9 of the 15 studied spe-
i o CoOPLs2@L 005X . . .
5| 2 SS § 353<53 ; ge5 S@ | 2 cies are classified as vulnerable or endangered in
ER E & ‘g - "o ¢ 2 Finland).
= E - g Our observed positive density—distribution
? & relationship with mark—recapture data of Finnish
S| c %  butterflies supports our concern (see Introduc-
£| 8 - .
5| 5% | ot aamONDG—~wow< | O tion) that NAFI data are not suitable for study-
(o) o9 — — n c . . . . . .
2| E2 | BHRVVFITgooNaA ¢ ing distribution—abundance relationships. Our
o = = . .. .
8| a £ results support the conclusion that a positive dis-
E § tribution—abundance relationship in butterflies
5] . .
o 2 o § (Cowley et al. 2001) is as general a trend as it
2 IS g § c g S was before the work by Piivinen et al. (2005)
© 8
3 2SS E§5 o SE S§8| 3 and Komonen et al. (2009).
S S8% ST oS882eg052 |2
£ S o RESESRESL oL | S
5] 2SES00ESS ,,S5SC88| §
= 2538330583383 8 | 5
. = OO0 DD ==
18 |foccSS333088855| 2 References
2| S5555SSSS8833=22| 5
218 |SSSssSScssssl388| 6 . .
=l ®w <AL WUNSSSaaaCnd |, Blackburn, T. M. & Gaston, K. J. 2009: Sometimes the obvi-



350

Selonen & Helos + ANN.ZOOL.FENNICI Vol.47

ous answer is the right one: a response to Komonen et
al. — Biology Letters 5: 777-778.

Blomgqvist, L., Saarinen, K., Jantunen, J., Kolehmainen, M. &
Valtonen, A. 2003: Pursuhopeatdiplin (Boloria euphro-
syne) populaatiotutkimus Ruokolahdella. — Eteld-Karja-
lan Allergia- ja Ympéristoinstituutti, Joutseno.

Cowley, M. J. R., Thomas, C. D., Roy, D. B., Wilson, R. J.,
Leo6n-Cortés, J. L., Gutiérrez, D., Bulman, C. R., Quinn,
R. M., Moss, D. & Gaston, K. J. 2001: Density—distribu-
tion relationships in British butterflies. I. The effect of
dispersal ability and spatial scale. — Journal of Animal
Ecology 70: 410-425.

Fred, M. S. & Brommer, J. E. 2003: Influence of habitat qual-
ity and patch size on occupancy and persistence in two
populations of the Apollo butterfly (Parnassius apollo).
— Journal of Insect Conservation T: 85-98.

Fred, M. S., O’Hara, R. B. & Brommer, J. E. 2006: Conse-
quences of the spatial configuration of resources for the
distribution and dynamics of the endangered Parnas-
sius Apollo butterfly. — Biological Conservation 130:
183-192.

Gaston, K. J. & Blackburn, T. M. 2000: Pattern and process
in macroecology. — Blackwell Science, Oxford.

Gaston, K. J., Blackburn, T. M. & Lawton, J. H. 1997: Inter-
specific abundance—range size relationships: an appraisal
of mechanisms. — Journal of Animal Ecology 66:
579-601.

Hanski, I., Kouki, J. & Halkka, A. 1993: Three explana-
tions of the positive relationship between density and
distribution of species. — In: Ricklefs, R. E. & Schluter,
D. (eds.), Species diversity in ecological communities:
historical and geographical perspectives: 108—116. Chi-
cago University Press, Chicago.

Hanski, I., Kuussaari, M. & Nieminen, M. 1994: Metapopu-
lation structure and migration in the butterfly Melitaea
cinxia. — Ecology 75: 747-762.

Helos, 1. 2008: Populaatiorakenteen ja harvinaisuuden
vaikutus perhosten paikalliseen populaatiokokoon. —
Master’s thesis, University of Helsinki.

Huldén, L., Albrecht, A., Itimies, J., Malinen, P. & Wet-
tenhovi, J. 2000: Atlas of Finnish Macrolepidoptera.
— Suomen perhostutkijain seura, Luonnontieteellinen
keskusmuseo, Helsinki.

Klemetti, T. & Wahlberg, N. 1997: Punakeltaverkkoperho-
sen (Euphydryas aurinia) ekologia ja populaatiorakenne
Suomessa. — Baptria 22: 87-93.

Komonen, A., Péivinen, J. & Kotiaho, J. S. 2009: Missing the
rarest: is the positive interspecific abundance—distribu-
tion relationship a truly general macroecological pat-
tern? — Biology Letters 5: 492-494.

Kotiaho, J. S., Kaitala, V., Komonen, A. & Piivinen, J. 2005:
Predicting the risk of extinction from shared ecological
characteristics. — PNAS 102: 1963-1967.

Kotiaho, J. S., Komonen, A. & Piivinen, J. 2009: On the
obvious positive interspecific relationship between abun-
dance and distribution: a reply to Blackburn and Gaston.
— Biology Letters 5: 779-780.

Kuussaari, M. 1999: Lehtohopeatipldn (Clossiana titania)
populaatiorakenne. — Baptria 24: 1-11.

Laitala, L. 1997: Selvitys kirjopapurikon (Lopinga achine
Scop.) elinympdristostd  sekd  lentokdyttdytymisestd
Hdmeenlinnan Uttilansuolla kesind 1990-1992. — Mas-
ter’s thesis, University of Joensuu.

Lawton, J. H. 1993: Range, population abundance and conser-
vation. — Trends in Ecology and Evolution 8: 409-413.

Pajari, M. 2002: Suomen uhanalaisia lajeja: muurahaissini-
stipi (Maculinea arion). — Suomen ympéristo 549.

Pdivinen, J., Grapputo, A., Kaitala, V., Komonen, A.,
Kotiaho, J. S., Saarinen, K. & Wahlberg, N. 2005: Nega-
tive density—distribution relationship in butterflies. —
BMC Biology 3: 5.

Saarinen, P. 1993: Kalliosinisiiven (Scolitantides orion) eko-
logia ja esiintyminen lohjalla. — Master’s thesis, Uni-
versity of Helsinki.

Saarinen, K., Lahti, T. & Marttila, O. 2003: Population trends
of Finnish butterflies (Lepidoptera: Hesperioidea, Papil-
ionoidea) in 1991-2000. — Biodiversity Conservation
12: 2147-2159.

Selonen, V. 1997: Kirjo- ja ratamoverkkoperhosen habitaa-
tinvalinta, populaatiorakenne ja migraatio. — Master’s
thesis, University of Helsinki.

Valtonen, A. & Saarinen, K. 2005: A highway intersection
as an alternative habitat for a meadow butterfly: effect
of mowing, habitat geometry and roads on the ringlet
(Aphantopus hyperantus). — Annales Zoologici Fennici
42: 545-556.

Viisédnen, R., Kuussaari, M., Nieminen, M. & Somerma, P.
1994: Biology and conservation of Pseudophilotes baton
in Finland (Lepidoptera, Lycaenidae). — Annales Zoo-
logici Fennici 31: 145-156.

Viliméki, P., Itimies, J. & Helminen, O. 2000: Pikkua-
pollon (Parnassius mnemosyne) esiintyminen Rauman
ympiristossd vuonna 1999. — Baptria 25: 61-69.

Vilimiki, P. & Itdmies, J. 2003: Migration of the clouded
Apollo butterfly Parnassius mnemosyne in a network of
suitable habitats — effects of patch characteristics. —
Ecography 26: 679-691.

Wahlberg, N., Bickman, J.-P. C. & Pitkdnen, M. 1996: Miké
on tummaverkkoperhosen tulevaisuus Tampereen seu-
dulla? — Diamina 1996: 6-10.

This article is also available in pdf format at http://www.annzool.net/



