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The objective of the present study was to analyse the conservation importance of streams,
rivers and lakes for maintaining caddisfly assemblages of Hungarian localities. Light traps en-
sured comparable catches of caddisflies from different aquatic habitats. A total of 245,363 in-
dividuals belonging to 152 species collected from 23 localities over the flight period were in-
cluded in the analysis. Conservation value of caddisfly assemblages was evaluated on the
basis of a newly developed Rarity and Ecological Diversity (RED)-index expressing ecologi-
cal diversity and the average rarity of caddistlies in Hungarian localities. The results showed
that streams were the most suitable habitats for maintaining rare caddistly species in diverse
assemblages, while rivers had the lowest conservation importance.
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INTRODUCTION

The extent of human alteration of the environment has caused several changes
in the global distribution of organisms (CHAPIN et al. 2000). To detect these
changes along a scale of natural to impaired states, several attempts have been
made to quantify the conservation value of areas. Different measurements can be
applied to express our perception of conservation value.

Some of these measures focus on the conservation of biodiversity and ex-
press the conservation value of an area by an ecological diversity index (but see
1ZSAK & PAPP 2002) or more directly by the (species) richness of the selected or-
ganisms (FRENCH & CUMMINS 2001, GOTMARK et al. 1986, LEFEVRE & SHARPE
2002, OERTLI et al. 2002, PART & SODERSTROM 1999, SPACKMAN & HUGHES
1995, TRAVAINI et al. 1997, TSCHARNTKE et al. 2002). The reason for regarding
ecological diversity as a sign of high conservation status is that a species rich com-
munity shows higher stability than a poorer one (PIMM 1984), and high species di-
versity enhances ecosystem functioning through interspecific facilitation (CARDI-
NALE et al. 2001). A disadvantage of using diversity of organisms in area priori-
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tisation is that different habitats maintain different diversity levels of the same
taxon. For instance, species richness of caddisflies shows a strong dependence
upon stream order (VINSON & HAWKINS 1998, WIBERG-LARSEN et al. 2000),
thus, contrasts between diversity patterns do not necessarily reflect differences in
conservation values.

Other approaches focus chiefly on the conservation of a single or several pri-
oritised species (BALDI et al. 2001, SUTHERLAND 2000). In this case, the evalua-
tion of the conservation value can be based on rarity (COATES & ATKINS 2001,
EYRE & RUSHTON 1989, SCHMERA 2003, SEYMOUR et al. 2001, TURPIE et al.
2000), endangered status (BROOKS et al. 1999, COATES & ATKINS 2001, SCHMERA
2001), typicalness (EYRE & RUSHTON 1989) or endemism (BROOKS et al. 1999,
SEYMOUR et al. 2001, TURPIE et al. 2000) of the collected species and conserva-
tion value expresses the uniqueness of the fauna. These indices based on a species
prioritisation, however, are not necessarily sensitive to a finer change of the com-
munity along a scale of natural to impaired states. For instance, if the occurrence of
the prioritised species is extremely low, diversity of the community could be a
more adequate measure of the conservation value.

In this study, a new method (Rarity and Ecological Diversity index or RED-
index) is proposed on the basis of the actual frequencies of each caddisfly species
in Hungary and on the basis of their ecological diversity in order to assess the con-
servation status of the caddisfly assemblages of Hungarian localities. The new
score intends to combine the advantages of using ecological diversity and rarity in-
dices (coming from the frequencies) in a standardised form. The usefulness of the
new method is demonstrated by comparing the conservation value of light-trap
collected caddisfly assemblages of streams, rivers and lakes.

MATERIAL AND METHODS

Source of data

Light traps were used to sample caddisfly assemblages because they ensured comparable
catches of caddisflies from different water bodies (BOURNAUD et al. 1983). Altogether 30 catches (as-
semblages) collected during the flight period (from May to October) from 23 localities were consid-
ered from our own and from literature-derived data (Table 1). To ensure the independence of the
assemblages, samples used in the analyses differed in the collection year, or the distance between any
two sampling localities was kept at a minimum of 5 kilometres. The light traps were situated on the
banks of streams (1st to 4th order), rivers (over 4th order), and lakes in different regions of Hungary
(Fig. 1). Unpublished caddisfly data were identified based on the work of MALICKY (1983). The iden-
tification of Hydropsyche females was not possible to species level during the identification
(MALICKY 1983, but see NEU & ToBIAS 2003), so they were presented on the species list as Hydro-
psyche spp. indeterminate female. They were included in the analysis, following other studies (COLLIER
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& SMITH 1995, GREENWOOD et al. 2001) where taxa
not specified to species-level were also included in the
analysis.

Developing Rarity and
Ecological Diversity (RED)-index

Ecological diversity indices measure the distribu-
tion of entities in a sample (MAGURRAN 1988). Several
diversity indices have been developed to characterise
ecological diversity of a sample (MAGURRAN 1988). In
this study the Gini-Simpson index (D) was used (SIMP-
SON 1949, Coob 1982), as it varies between O to 1:

S/
D,' :1_;));,

where D, is the Gini-Simpson index of the j-th assem-
blage, y; is relative abundance of the i-th species in as-
semblage j, and S, is the total number of species of the
J-th assemblage. In order to ensure that the proposed
Rarity and Ecological Diversity (RED) index be sensi-
tive to the rare species in the sample, a constant
weighting factor (w) was inserted into the formula:
S J
2
RED, =1-Y'w, y; .

i=1

where RED, is the Rarity and Ecological Diversity In-
dex of the j-th assemblage and w, is the weighting fac-
tor of the i-th species (see elaboration of meaning of w
below).

The rarity value of each caddisfly species in
Hungary was calculated based on the work of NOG-
RADI and UHERKOVICH (1995). Their database con-
tains 534,689 individual records collected by using UV
lamps, light traps and by individual netting in 650 lo-
calities. These data are regarded as the basic data set as
the use of several sampling methods may solve the bi-
ases of single methods and ensures the accurate cali-
bration of countrywide rarity of caddisflies. Let i be a
member (species) of the Hungarian Trichoptera fauna
(i=1to T, where T is the total number of species in the
Hungarian Trichoptera fauna, NOGRADI & UHERKO-
VICH 1995). Let A, be the frequency (abundance) of the
i-th caddisfly species based on the work of NOGRADI
and UHERKOVICH (1995). Some species, however, are
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not present in the basic data set because of their extreme rarity (A; = 0). As the weighting factor (w) in
the RED-index is a part of a subtraction, therefore a rare species should decrease the product, while a
common one should increase it. In addition, to ensure that w, vary between 0 to 1 (w, = 0 if the species
is extremely rare, w, = 1, if the species is extremely abundant in Hungary), the weighting factor of the
i-th species was expressed as a ratio of A, to the maximum value of A, _, , .- Unfortunately, the distri-
bution of the members of the Hungarian Trichoptera fauna showed an uneven distribution (95.6% of
species fall into a frequency range from 0 to 0.1), therefore A, and max(A;) were log,, (x + 1) trans-
formed before the division. Accordingly, the following formula was used to calculate weighting factor:

o log (A, +1)
" max(log, (A, +1))

where, A, is the abundance (number of individuals) of the i-th species in NOGRADI and UHERKOVICH
(1995), and i is the member of the Hungarian Trichoptera fauna (i = 1 to 7, where T is the total number
of species in Hungary).

In conclusion, RED-index could vary between O to 1. If RED = 0, then only a single species is
present in the sample (y = 1), which is extremely abundant (w = 1). In contrast, if RED = 1, then there
are only a single or several species in the sample, however, each of them should be extremely rare
(w=0).

Fig. 1. The map of Hungary with the position of the sampling sites (filled squares show light traps)
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Statistics and data visualisation

The conservation value of different aquatic habitats (streams, rivers and lakes) evaluated on
the basis of the newly developed RED-index was compared by the Kruskal-Wallis ANOVA and
non-parametric Tukey-test for unequal sample size (ZAR 1999). As RED-index combines the Gini-
Simpson diversity (D) with the rarity of each species (expressed by w) in a sample, therefore it could
be divided into two components: diversity and rarity. As w represents a rarity value for each species,
therefore a RAR-index was developed to characterise the total assemblage. The RAR-index was cal-
culated by the following formula:

S/
RAR; = ZW[ Vi »

i=1

If RAR = 1, then only the most common species is in the sample and if RAR = 0, then the rarest
species in Hungary are in the sample. For each sample, the Gini-Simpson index (D) and the RAR-in-
dex were calculated.

If the rarity component of the RED-index is responsible for the differences between the con-
servation values (RED) of the aquatic habitats, then the species-composition of the studied habitats
should be different. Multi-Response Permutation Procedures (MRPP, MCCUNE & GRACE 2002), the
non-parametric form of discriminating analysis, was used to test whether the species composition of
streams, rivers and lakes were different. If there are differences between the species composition of
the habitats, then there should be some species which are represented in higher abundances in one of
the habitats. The number of these specific species should reflect the differentiation of the given habi-
tat from the others. Indicator species analysis (DUFRENE & LEGENDRE 1997) was used to identify spe-
cies being specific to each aquatic habitat. Tests of significance were made using Monte Carlo
randomisation (1000 runs were used). The probability of Type I error (p) is the proportion of times
that the randomised statistic (Indicator Value or 1V) equals or exceeds the observed one. The ob-
served indicator species for the given habitat was compared with literature data (MOOG 1995) to
check its validity.

Non-parametric tests were used because of small sample sizes for some aquatic habitat catego-
ries and the uneven distribution of some metrics. The Kruskal-Wallis ANOVA and Spearman Rank
Order Correlations were performed by the STATISTICA computer program (STATSOFT 2000), while
Multi-Response Permutation Procedures and Indicator Species Analysis by the PC-ORD computer
program (MCCUNE & MEFFORD 1997). The Gini-Simpson index was calculated by the DIVERSI
computer program (IZSAK 1998) and the non-parametric Tukey-test by using Microsoft Excel. For
the latter, statistical tables (ZAR 1999) were used to find critical/significant values of the analysis.

Results

Species assemblage structure

Altogether 245,363 individuals belonging to 152 caddisfly species were ana-
lysed. The Multi-Response Permutation Procedures (MRPP) showed that streams,
rivers and lakes are different in their species composition (7'=-4.777, R = 0.057,
p = 0.0003). In addition, the R-value of the MRPP showed that the heterogeneity
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within groups (aquatic habitats) is close to a value expected by chance (R = 0). In
other words, the species composition similarity within a habitat type is very vari-
able, however, the similarity among habitats is significantly different. Indicator
species analysis was used to find species being specific to one of the three habitats.

Table 2. List of species in alphabetic order being significant (p < 0.05) indicators of the given aquatic
habitat (/V: Indicator Value, p: Type I error), the frequency of these species in Hungary (A,) according
to NOGRADI and UHERKOVICH (1995), and the calculated weighting factors (w,)

Species Habitat [V )4 A, w;

Agrypnia pagetana CURTIS, 1835 lake 37.5 0.050 18 0.2473
Agrypnia varia (FABRICIUS, 1793) lake 99.2 0.000 1257  0.5994
Anabolia furcata BRAUER, 1857 stream  65.9 0.011 668  0.5464
Athripsodes cinereus (CURTIS, 1834) lake 48.6 0.031 5409  0.7219
Ceraclea alboguttata (HAGEN, 1860) lake 83.6 0.002 1715 0.6255
Ceraclea fulva (RAMBUR, 1842) lake 47.9 0.013 184  0.4384
Ceraclea senilis (BURMEISTER, 1839) lake 41.6 0.037 284 04747
Chaetopteryx fusca BRAUER, 1857 stream 61.1 0.017 966  0.5776
Goera pilosa (FABRICIUS, 1775) stream 443 0.043 2268 0.6489
Halesus digitatus (SCHRANK, 1781) stream  66.5 0.018 1289  0.6015
Halesus tesselatus (RAMBUR, 1842) stream 77.2 0.005 2491 0.6568
Holocentropus picicornis (STEPHENS, 1836) lake 63.5 0.006 231 0.4574
Hydropsyche bulgaromanorum MALICKY, 1977  river 96.2 0.001 7374 0.7480
Hydropsyche instabilis CURTIS, 1834 stream 82.5 0.011 958  0.5766
Hydropsyche saxonica MCLACHLAN, 1884 stream  606.7 0.013 2913  0.6700
Hydroptila dampfi ULMER, 1929 lake 49.0 0.017 604  0.5379
Ironoquia dubia (STEPHENS, 1837) stream 50 0.043 316  0.4836
Limnephilus extricatus MCLACHLAN, 1865 stream 59.6 0.014 320 0.4847
Limnephilus ignavus MCLACHLAN, 1865 stream  75.0 0.008 1153 0.5922
Limnephilus rhombicus (LINNAEUS, 1758) stream 71.9 0.025 1267 0.6001
Micropterna lateralis (STEHPENS, 1837) stream 44.4 0.044 60  0.3452
Micropterna nycterobia MCLACHLAN, 1875 stream 60.3 0.022 343 0.4905
Mystacides longicornis (LINNAEUS, 1758) lake 88.0 0.001 1949  0.6362
Oecetis lacustris (PICTET, 1834) lake 82.6 0.012 3523  0.6858
Plectrocnemia conspersa (CURTIS, 1834) stream 77.8 0.001 913 0.5726
Potamophylax nigricornis (PICTET, 1834) stream 70.3 0.002 1011 0.5811
Potamophylax rotundipennis (BRAUER, 1857) stream  61.1 0.010 1477  0.6129
Rhyacophila fasciata HAGEN, 1859 stream 77.8 0.002 2448  0.6554
Stenophylax permistus MCLACHLAN, 1895 stream  74.2 0.002 2973  0.6717

Acta zool. hung. 50, 2004



202 SCHMERA, D. & KISS, O.

Twenty-nine species out of 152 (total number of species) were found being indica-
tor for one of the habitats (Table 2). Eleven point eight percent of the species (18)
are indicators of streams, 6.6 (10) of lakes and 0.7 (1) of rivers.

Evaluation of conservation status

The conservation status of light trap-collected caddisfly assemblages from
streams, rivers and lakes were different (Kruskal-Wallis ANOVA, H = 7.043,
p = 0.029) measured by the newly developed RED-index (Fig. 2). Streams show
the highest median value followed by lakes and rivers. On the basis of the RED-in-
dex, streams are the most valuable habitats for caddisflies, while rivers are the
worst ones. Although the conservation value of caddisfly assemblages shows a
wide range in streams and only a narrow one in lakes, the Tukey-test showed sig-
nificant difference (SE =3.741, 0 =3.275, p <0.005). As RED-index is an additive
score, therefore it makes it possible to identify which components are responsible
for the differences. The diversity component (D) of the RED-index was not differ-
ent among the aquatic habitats (Kruskal-Wallis ANOVA, H =4.109, p = 0.128,
Fig. 3A), while the rarity component (RAR) showed significant difference among

1.0

a

0.8 O b

0.6

0.5

RED-index

0.4

0.3 -

0.2

0.1 1= Min-Max
[ 25%-75%
O  Median value

0.0
stream river lake

aquatic habitat

Fig. 2. The Rarity and Ecological Diversity (RED)-index of the different aquatic habitats (aquatic
habitats with the same letter are not significantly different at p = 0.05 by non-parametric Tukey-test)
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the habitats (Kruskal-Wallis ANOVA, H = 9.638, p = 0.008, Fig. 3B) and the
Tukey-test showed significant difference between the rarity component of the as-
semblages of streams and rivers (SE = 3.741, O = 3.128, p < 0.01). The Spearman
Rank Order Correlation (R =-0.6947, t = -5.1497, p < 0.001) showed a negative
relationship between the Gini-Simpson index (D) and the RAR-index; conse-
quently diverse assemblages contain rare species, while less diverse assemblages
contain common species. According to Fig. 4, streams generally maintain rare
(low RAR-index) and diverse caddisfly assemblages, however, in some cases, it is
not true. Rivers maintain common (high RAR-index) species in assemblages with
intermediate or low diversity, and lakes are represented by moderate-common spe-
cies in upper-intermediate diverse assemblages.
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Fig. 4. The relationship between diversity (D) and rarity (RAR-index) of the samples
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DISCUSSION

Usefulness of light trap catches for conservation biological purposes

The present study focused on the comparison of the conservation status of
caddisfly assemblages from different aquatic habitats. Streams, rivers and lakes
provide great variability of habitats for the larvae of aquatic insects, therefore sev-
eral sampling methods have been developed to collect them (ELLIOTT et al. 1993,
CARTER & RESH 2001). Some of these methods are suitable in habitats character-
ised by special features. To gain comparable samples, in this study, light traps were
used to collect caddisflies. Although light traps are selective (CRICHTON 1976) and
their captures are influenced by meteorological parameters (WARINGER 1991),
light traps are widely used and capture data are available in the literature (SZENTKI-
RALYI 2002). Several studies demonstrated that adult caddisflies stay close to the
aquatic habitats, and the probability of their occurrence gets lower, as the distance
from the water increases (SVENSON 1972, 1974, SODE & WIBERG-LARSEN 1993,
PETERSEN et al. 1999). Overall, literature data suggest that adult caddisflies, as
other aquatic insects, stay close to egg-laying sites.

On the basis of the larval habitat preference of each caddisfly species (MOOG
1995) and on the basis of the sensitivity of the light traps to the local populations, it
could be hypothesised that the species caught in traps will be different on the bank
of streams, rivers and lakes. In this study, Multi-Response Permutation Procedures
distinguished the assemblages from different aquatic habitats, supporting the use-
fulness of light trap catches in nature conservation.

Evaluation of conservation status

Wildlife conservation requires methods to express the conservation status of
areas in order to identify those of national importance. Different measures should
be applied to express our perception of conservation value. Two basic types could
be found in the literature, the first one focuses on diversity, while the second one on
the conservation of some prioritised species (for instance, rare species). In fact,
there are advantages using both the diversity and the species prioritisation indices
(SUTHERLAND 2000). In the literature, several efforts were made to link ecological
diversity with phylogenetic diversity (IZSAK & PAPP 2000, RICOTTA 2002) or to
combine other measures (CURIO 2002). In this study, an attempt was made to de-
velop a new conservation index, which could combine the ecological diversity and
rarity measures. To avoid the weighting problem of the different values (CURIO
2002), both ecological diversity and rarity measures were standardised into a range

Acta zool. hung. 50, 2004
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varying from O to 1. Thus, the newly developed RED-index varies between O to 1.
A further advantage of the RED-index is that it not only sums the rarity and the di-
versity of the same assemblage. Instead, it amalgamates the rarity and diversity as-
pects of each species in the assemblage into a number, and then sums these num-
bers into a RED-index. Consequently, the RED-index is sensitive to a possible cor-
relation between the countrywide rarity of a species and the contribution of the
same species to the diversity of the assemblage.

The conservation values of caddisfly assemblages from streams, rivers and
lakes were different using the new formula. This result highlights the different con-
servation importance of streams, rivers and lakes for maintaining caddisflies in
Hungarian localities. Obviously, the distinct physical habitat between streams,
rivers and lakes should firstly be responsible for the differences between those
conservation values. Moreover, we assume that streams are probably less affected
by human activity, while rivers and lakes are widely used for industrial purposes
and are polluted by industrial and agricultural waste as well as sewage (BRON-
MARK & HANSSON 1998, GILLER & MALMQVIST 1998). When the two aspects of
the RED-index were separately analysed, comparison showed that the contrast in
the countrywide rarity of caddisfly species was responsible for the differences be-
tween the conservation values of stream and river assemblages: streams main-
tained rare species, while rivers common ones. Indicator Species Analysis found
only a single unique species for rivers. In other words, rivers, as the most endan-
gered aquatic habitats in Hungary, seem to lose their individual species even
though they are still different from other aquatic habitats in their species composi-
tion (as shown by MRPP analysis).

The negative correlation between the RAR-index (that increases when the
rarity of the species decrease) and the Gini-Simpson index showed a concordance
between rarity and diversity hotspots of caddisflies in Hungary. In contrast, a pre-
vious study focusing only on stream habitats could not support it (SCHMERA 2003).
The obvious difference between this study and the previous one (SCHMERA 2003)
was the spatial extension of the studied habitats. Including lake and river habitats
in the present analyses, we obtained a clearer picture on the conservation impor-
tance of stream, river and lake habitats in maintaining caddisfly assemblages in
Hungary. In the light of the conservation value evaluation in the present study it
can be stated that streams have the greatest importance in maintaining rare
caddisfly species in diverse assemblages of the studied Hungarian localities.
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