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Summary. The National Butterfly Recording Scheme in Finland (NAFI) conducted

by the South Karelia Allergy and Environment Institute and the Lepidopterological

Society of Finland, makes available, for the first time, quantitative information on

the butterfly fauna for the whole country. The data, based on the Finnish uniform

27° E grid (10-km squares), numbers of individuals and numbers of observation days,

are collected using a uniform questionnaire. During the first seven-year period

(1991-1997) a total of 306 voluntary amateur and professional lepidopterists have

participated in the scheme, providing data on 889,917 individuals representing all the

Finnish resident species (95) and 8 non-resident species. Broadly speaking, the results

are in line with earlier knowledge about Finnish butterflies, but not a single threatened

or declining species has become more abundant or more widely distributed than was

previously assessed. Parallel with this, there were decreases in annual frequencies (see

methods) in 8 species, while only one exhibited of increase. As a prospective follow-

up study, NAFI provides much needed quantitative on-line knowledge of possible

changes in the distribution and abundance of butterflies for attempts to protect the

Finnish butterfly fauna.

Zusammenfassung. Das Nationale Tagfalter-Überwachungs-Programm von Finnland

(NAFI), gemeinschaftlich durchgeführt vom Südkarelischen Institut für Allergien und

Umwelt und der Finnischen Lepidopterologischen Gesellschaft, liefert erstmalig quan-

titative Informationen zur Tagfalterfauna des ganzen Landes. Die Daten (Anzahl

beobachteter Individuen bzw. Anzahl von Nachweisen pro Tag) werden auf der

Kartierungsgrundlage des einheitlichen Finnischen Quadrantensystems (in 10-km2-

Feldern) gesammelt. Während der ersten Siebenjahresperiode (1991-1997) haben 306

Lepidopterologen (Amateure und Berufsentomologen) insgesamt Daten zu 889,917

beobachteten Individuen geliefert, die alle 95 in Finnland heimischen sowie 8 nicht

dauerhaft residente Arten repräsentieren. Insgesamt bestätigt dieser Datensatz bisherige

Einschätzungen zur finnischen Tagfalterfauna. Keine einzige gefährdete oder bestands-

rückläufige Art stellte sich demnach als häufiger oder weiter verbreitet heraus als zuvor

angenommen. Acht weitere Arten scheinen in ihrer jährlichen Häufigkeit rückläufig

zu sein (siehe "Methoden"), während nur bei einer Art Hinweise auf positive

Bestandsentwicklung auftraten. NAFI stellt dringend benötigte quantitative Informa-

tionen in Zukunft auch on-line zur Verfügung, um mögliche Änderungen in der

Verbreitung und Häufigkeit der finnischen Tagfalterfauna überwachen und Maßnahmen
zum Schutz einleiten zu können.
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Résumé. Le Programme National d'Inventarisation des Papillons Diurnes de Finlande

(NAFI), conduit par l'Institut d'Allergie et de l'Environement de Carélie du Sud et

la Société Lépidoptérologique de Finlande, rend disponible, pour la première fois,

de l'information quantitative sur la faune des papillons diurnes du pays entier. Les

données, basées sur le système de coordonnées 27°E finlandais uniformisé (carroyage

10 x 10 km), les nombres d'individus et les nombres de jours d'observation, sont

assemblées au moyen d'un questionnaire uniforme. Durant la première période de

sept ans (1991-1997), au total 306 lépidoptéristes volontaires, amateurs et professionnels,

ont participé à l'inventarisation, fournissant des données sur quelques 889,917

spécimens représentant toutes les espèces autochtones (95) et 8 espèces non-résidentes.

En règle générale, les résultats s'inscrivent dans la lignée de nos connaissances

antérieures sur les papillons diurnes de Finlande, mais aucune espèce menacée ou

en régression est devenue plus commune ou plus répandue qu'il n'était précédemment

établi. Parallèlement à cela, il y eût une décroissance en fréquences annuelles (voir

méthodes) chez 8 espèces, alors que seulement une seule espèce montrait un

acroissement. En tant qu'étude prospective à poursuivre, NAFI fournit des données

quantitatives actualisées sur des changements possibles affectant la distribution et

l'abondance de papillons diurnes, d'une grande nécessité dans le cadre d'efforts de

protection de la faune des papillons diurnes de Finlande.

Key words: Lepidoptera, butterflies, fauna, monitoring, Finland.

Introduction

There are 114 butterfly species found in Finland. The fauna

comprises 95 resident species, 14 of which live in Lapland in

northernmost Finland (Marttila et al, 1991).

Over the last few decades the decline of butterflies has been

a general phenomenon in the country. One species has become
extinct, four are endangered and six are considered vulnerable.

Furthermore, there are 15 declining, insufficiently known and rare

species in need of monitoring, making a total of 26 threatened

butterfly species in Finland (Rassi et al, 1992, Somerma, 1997).

In addition, Marttila et al. (1991) evaluated that the status of

another 15 species has been adversely affected during the last

20 years. Altogether, this makes 41 species that are declining,

amounting to 43% of all the indigenous butterflies in Finland.

At the same time only 8 species (8%) have become more
abundant.

Decline of butterflies is mainly caused by changes in agricultural

practices, the loss of meadows through the cessation of hay
cutting and cattle grazing, indirect nitrogen fertilization of

meadows by air pollution, heavy use of pesticides, herbicides and
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fertilizers, a strong decline in natural pastures, the centralization

of production, and depopulation of the countryside. The other

main reason for the decline is changes in forestry, especially the

drainage of peatlands and reforestation of open habitats (Marttila

et al, 1991, Rassi et al, 1992, Väisänen, 1992, Somerma, 1997).

In spite of the alarming trends in the butterfly fauna of Finland,

no permanent or large-scale follow-ups, based on quantitative

data, have been carried out in the country. On the whole, there

are only a few European countries where national monitoring

of butterflies has been established. In Great Britain (Pollard et

al, 1986, Pollard & Yates, 1993) and The Netherlands (van Swaay
et al, 1997, van Strien et al, 1997), the schemes are carried out

using a network of transect counts. In Denmark, the monitoring

scheme is based on observations by volunteers with transect

counts and free observations (Stoltze, 1996), but today the scheme

is continuing on a much smaller scale than previously (Peder

Skou, pers. comm.).

In Finland, knowledge of population changes in butterflies has

mostly been based on long-term collecting in the same locality,

combined with thorough records, and surveys with queries and

literature reviews. As a consequence, changes in the occurrence

and abundance of butterflies, especially of common and non-

threatened species, have been poorly known. The need for

continuous countrywide butterfly monitoring has been obvious.

The South Karelia Allergy and Environment Institute and the

Lepidopterological Society of Finland in 1991 organised a

countrywide follow-up study, the National Butterfly Recording

Scheme in Finland (NAFI), which is intended to create quan-

titative on-line knowledge for the attempts to monitor changes

in the distribution and abundance of butterflies in Finland. We
report here the methods and some results of the scheme
application.

Methods

The monitoring scheme is directed to all voluntary amateur
and professional lepidopterists and also naturalists interested in

butterflies. All participants recorded their yearly observations on
the form designed for the scheme. The data on each form includes

the year, the Finnish uniform 27° E grid (10 km square), the
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number of counted or estimated individuals of species observed,

and the number of counted or estimated observation days. No
advice on the use of zero, i.e. negative observation of species,

is given. The recorder's name and address are also requested for

correspondence purposes.

Forms are distributed by the Lepidopterological Society and

South Karelia Allergy and Environment Institute. New forms

and a franked, addressed envelope are mailed every April to the

most active and other potential participants. Participants who
are not members of the Society have also received a reprint of

the previous year's survey results. Forms returned before the end

of November have been included in the annual survey published

in the Bulletin of the Lepidopterological Society (Baptria) (Mart-

tila, 1992, 1993, 1994, Marttila & Saarinen, 1995, 1996a, 1997,

Saarinen & Marttila, 1998). Forms mailed after the deadline were

not ignored but retained for comparison in the next season's

survey.

The forms are transformed and fed into a computer program
designed for NAFI. The main tools of the program, which are

needed on every form, are the 10 km square, the individual

number of species observed, and the number of observation days.

The data on each form is checked carefully. If necessary,

questionable observations are verified by contacting the observer.

Several checks have been made yearly, and assistance has also

been given with filling in the form. Finally the computer data

are read carefully and verified by a random selection of 5-10%
of the new files. The data are collected and stored at the South
Karelia Allergy and Environment Institute.

The program prints out the processed numerical data on each

species as distribution maps. There are three kinds of maps. All

of these show the result in terms of the 10 km squares: (1) The
accumulative map of species shows the accumulative data for

all years, (2) The average map shows the accumulative data as

averages of certain years, and (3) The relative map shows the

number of individuals related to observation days: [(Zn)/d, where

n is the number of individuals observed in any of 10 km square

on any day and d is the number of days], being either

accumulative or the average of certain years.

In many cases this map reveals the regional differences in

abundance better than the total numbers of individuals.
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Fig. 1. The network of the National Butterfly Recording Scheme in Finland over

the first seven-year period (1991-1997). The total number of positive 10 km squares

(Finnish uniform 27° E grid) was 891.
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Fig. 2. The accumulative map of /Yen's nqpz' based on data from the first seven-year

period (1991-1997). The species was the most numerous in the recording scheme during

the period. The total number of individuals in each positive 10 km square is illustrated

using proportionally-sized symbols.
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The annual variation in the numbers of participants and

observation days leads to the dilemma that a direct comparison

of individual numbers of species between years is not really valid.

To avoid this problem we have calculated annual frequencies for

each species by dividing the positive 10 km squares (at least one

individual observed) by the total number of squares in each year.

For example, if the species is present in 250 squares and the

total number of squares is 500, the frequency is 50%. To
distinguish any trend in annual frequencies of the species during

the seven-year period we used the linear regression (e.g. Sokal

& Rohlf, 1981).

Some results

Altogether 306 persons have taken part in the scheme between

1991 and 1997. The seven-year data consists of 103 species and

almost 890,000 butterfly individuals (Table 1 and 2). Fig. 1 depicts

the NAFI network. In Figs. 2-4 there are examples of both

accumulative and relative maps of certain species.

The proportion of the five most abundant species, Pieris napi

(75,636 individuals), Gonepteryx rhamni (59,497), Callophrys

rubi (56,506), Aglais urticae (55,467) and Aphantopus hyperantus

(54,783), amounted to more than one third (34%) of all individuals.

The most abundant migrant was Vanessa atalanta (7,986), and
the most substantial migration events during the period were

observed with V atalanta (6,028) and Vanessa cardui (3,426) in

1994 and 1996, respectively (Table 2).

The year 1995 was the most favourable for butterflies. The
total numbers of individuals on one average observation day for

the whole country were as follows: 16 (1991), 28 (1992), 26 (1993),

26 (1994), 47 (1995), 28 (1996) and 23 (1997), the average of

the whole seven-year period being 28 individuals in a day.

In terms of annual frequencies during the period there were

increases in Aricia nicias (r = 0.915**) and decreases in following

8 species: Collas palaeno (r = - 0.81*), Lycaena hippothoe (r =
- 0.87*), Boloria aquilonaris (r = - 0.809*), Euphydryas maturna
(r = - 0.796*), Euphydryas aurinia (r = - 0.895**), Oeneis jutta

(r = -0.998*), Coenonympha pamphilus (r = -0.910**) and
C. tullia (r = - 0.842*) (Table 2). Note that a periodical species

O. jutta is in flight only in even years and the records available

for the analysis were only of three years.
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Fig. 3. The accumulative map of Euphydryas maturna. The map based on data from

the first seven-year period (1991-1997) is an example of a species having a restricted

distribution in the country. The total number of individuals in each positive 10 km
square is illustrated using proportionally-sized symbols.
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Fig. 4. The accumulative (A) and relative map (B) of Aporia crataegi based on data

from the first seven-year period (1991-1997). The relative map shows the regional

difference in abundance better than the accumulative map. On the accumulative map
the total number of individuals in each positive 10 km square is illustrated using
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Apolda crataegi (L.)
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proportionally-sized symbols, while on the relative map the spot shows the number

of individuals [(Zn)/d, where n is the number of individuals observed in any 10 km
square on any day and d is the number of days].
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Discussion

The progress of NAFI mostly depends on the number of

participants. During the seven-year period a total of 306 persons

took part in the scheme. One fifth (188, 21%) of all members
of the Lepidopterological Society (altogether about 900) have

participated in NAFI for one year at least. Another 118

participants, comprising more than one third of the total (39%),

have been naturalists but not members of the Society. We suggest

that there are two main reasons for the positive progress. Firstly,

the general interest in butterflies has grown in Finland during

the 1990s, and secondly, NAFI has taken good care of the

participants. They have been supplied with regular feedback of

their work via the annual results published in the Society's

bulletin, and most of the participants have personally received

new forms with a covering letter every spring. In addition, five-

year results (1991-1995) with accumulative maps of all 114

butterfly species have been published (Marttila & Saarinen,

1996b). Non-member participants have become acquainted with

NAFI through reprints, the media and previous participants.

Validity of methods. The data on forms and in computer files

is checked carefully as described under Methods above, but still

the most serious question is how to ensure the reliability of the

information sent in on forms. This problem is aggravated by
the fact that all the participants are not registered members of

the Lepidopterological Society. In order to minimize the risk of

incorrect data, all questionable observations, whether provided

by a member or not, have been checked by contacting the

observer. There are some details which have made the authors

dubious, such as the species being reported well outside of its

known distribution area, or a periodical species being observed

in a wrong year, or where a rare species inhabiting mires has

been reported whereas no information on more common species

living in similar environments has been given. If there still exists

some doubt as to the authenticity of the observation after it has

been followed up, it has not been computerized.

Broadly speaking, the maps based on the NAFI results are

in line with earlier maps published in the handbook of Finnish

butterflies (Marttila et al, 1991). There is no reason to suspect

that previous knowledge would not have been good enough to
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show the essential distribution of any species living in Finland.

Some similar species (Plebeius argus/ P. Idas, Argynnis aglaja/

A. adippe), previously known to have different distributions, have

provided a good control. The differences between these species

have also been revealed in NAFI.
The observation network covers almost the whole country,

except that a few regions in the northern part of Finland are

poorly represented in comparison to the southern parts of the

country. The poor network in the north causes an effect that

the frequencies of 'northern' species tend to be underestimated.

To avoid this possible bias the country could be divided into

two subareas, a southern and a northern one, after which the

frequencies of "northern" species could be assessed independently.

However, even in "northern" species the distribution areas vary

greatly from one species to another. That would cause a difficulty

how to define the position of the line with no risk of under-

estimating or overestimating certain species occurring in the area

concerned.

Something new already. The seven-year data applies to almost

890,000 butterfly individuals, representing all the Finnish resident

species (95) and 8 of a total of 19 non-resident species. The NAFI
results are largely parallel to previous knowledge of Finnish

butterflies (Marttila et al, 1991, Rassi et al, 1992, Somerma,

1997), but the data also suggest some new trends.

The NAFI results point to the possibility of changes in the

distributions of some species. When the distribution maps are

compared to corresponding ones given in the handbook of

Finnish butterflies (Marttila et al, 1991), Limenitis populi,

Apatura iris and Argynnis paphia show some expansion, while

the ranges of Lycaena helle, Glaucopsyche alexis, Issoria lathonia

and Maniola jurtina have decreased.

The trends in annual frequencies in nine species, almost all

declining, might show — we say so, though the trends during

the period were statistically significant — that the status of these

species is undergoing a change.

The results for two species are alarming in particular. Lycaena

hippothoe and Glaucopsyche alexis have had surprisingly low

individual numbers, 2,697 and 308, respectively. In addition, there

has been a significant fall-off in the annual frequencies of L.
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hippothoe, while the range of G. alexis has strongly decreased

in comparison to the distribution map given in the book of

Finnish butterflies (Marttila et ah, 1991). The book classifies these

species as fairly common and scarce, respectively, whereas the

recent book on Finnish threatened Lepidoptera does not mention

the species at all (Somerma, 1997).

The seven-year period of NAFI is not long enough to provide

extensive conclusions about changes in the status of butterflies.

Some changes observed during the period might form a part

of natural long-term fluctuation, but some of them might also

be cautionary, indicating an actual decline in adversely affected

species. Most importantly, the scheme reveals the downward
trend of these species earlier than could be detected previously.

Thus, conservation projects, if needed, can also be launched

earlier than before.
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