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Abstract

Samples of Ephemeroptera and Plecoptera were taken from nine localities
in River Vindelilven and its tributaries in central Swedish Lapland in spring,
summer and autumn. The samples were analyzed in terms of species richness,
species diversity (richness and equitability being separated), abundance, domi-
nance, biomass, biometric variation within populations and within whole com-
munities, and seasonal as well as between-locality differences of community
composition. Localities were chosen in streams varying from a very large river
to a small creek. In communities of Ephemeroptera, the species diversity index
was correlated with differences of relative species abundances (equitability), but
in communities of Plecoptera, the species richness component governed the
diversity index. Differences between Ephemeroptera and Plecoptera with resepct
to mean trophic levels, reproductive strategies and the relative influence of com-
petitive forces are discussed and found to be probably important for the species
diversity differences. It is concluded that Ephemeroptera and Plecoptera are to
be placed rather far apart on the continuum of r- to K-selected strategies, al-
though, as in the present study, they frequently inhabit closely similar environ-
ments, and that this greatly influences diversity in their respective communities.

Introduction

Diversity is widely regarded as one of the most informative parame-
ters of animal communities. Several indices of diversity have been pro-
posed, but comparative methodological studies have generally failed to
single out any one as distinctly more useful than the rest (D Jong, 1975;
cf. HurLBerT, 1971). Species are the units most often used in diversity
calculations, but other units may sometimes be more operational (Lioyp,
1964; DickMan, 1968; WiLam, 1968). SHANNON’s index (e.g. MACARTHUR,
1972), however, has the important property of being applicable to any
kind of mathematical distribution of the frequencies of the components
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in the sample. It may be used as a tool to quantify the diversity of en-
vironments as well as communities. '

The diversity concept was developed on the basis of ornithological
research (MACARTHUR & MACARTHUR 1961; see also for example Mac-
ARTHUR, 1965, 1972; RECHER, 1971; KaRR, 1971). Important papers dealing
with vertebrates other than birds include Pianka (1967, 1973) and Brown
(1973). The diversity approach has also been adopted for the study of
invertebrate communities, for example, by SANDERs (1968), MaThis (1968),
Mackay & Kavrr (1969), Coreranp & BecuteL (1971), Borscu (1972,
1973), Harman (1972), PimMenTEL & WHEELER (1973), CrossLEy et al.
(1973), UrrsTRAND et al. (1974), Herr & DecraeMER (1974), and ABELE
(1974). Particularly valuable overviews of diversity as an ecological concept
have been provided by Marcarer (1968), MacArTHUR (1972) and WaTT
(1973).

However, further comparative studies of the diversity of animal com-
munities at different levels of richness and in habitats at different levels of
complexity seem necessary, before the significance of diversity can be more
fully evaluated. Community is here loosely used for any set of coexisting
species belonging to one or more higher-order taxa. It would conform with
the concept of “nomocénose” according to DAGET et al. (1972).

The present study deals with taxonomic groups, viz. mayflies Ephe-
meroptera and stoneflies Plecoptera, and environments, viz. extremely
oligotrophic subarctic rivers and streams, that have so far been neglected
by students of animal community diversity. As a special bonus, my data
allow the comparison of two different taxa sampled simultaneously and
thus deriving from similar environments, as far as this can be achieved. My
point of departure is a number of alpha diversity indices (WHITTAKER,
1960, 1972) computed for mayfly and stonefly communities at three dif-
ferent seasons and from nine localities. Several community and population
parameters are then examined and related to the differences in diversity
components between the two taxa.

Study area

The data derive from a field study carried out in River Vindelilven
and some of its tributaries in Swedish Lapland (Figure 1). A full descrip-
tion has been published previously (ULrsTraND 1968 A), so that only a few
essential features of the study area need to be repeated here.

The field work was concentrated to the surroundings of the village
Ammarnis (65°58 N, 16°12" E). The bottom of the river valley is at about
400 m above sea level and is covered by coniferous forests. Some of the
sampling localities were situated in the subarctic birch zone. There is
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Fig. 1. Diagrammatic map of study area indicating the position of the nine
sampling sites.

snow on the ground for more than half the year, and lakes and streams
are frozen from about late November to May or June. The mean water
temperature in July (the warmest month) is around 12 °C. Seasonal fluc-
tuations of flow volume are more than a hundredfold in many streams and
rivers.

Extensive data are available from nine localities which were, there-
fore, selected for the present purpose. The localities are labelled so as to
be recognizable in my previous publication (1968 A), where they were
described in some detail. Three localities are situated in the main River
Vindelidlven (H, E and K). Locality E is at the outflow from a large lake,
and H at the downstream end of a lake-like slow-flowing part of the river,
while X is upstream of all lakes. At these three sites the river has a width
of 15 to 30 m. Localities N, B and A are in River Tjulin, a major tributary
with a width of less than 10 m. Like E, locality A is situated at the outlet
of a lake, where a rich food supply is available for filter feeders, in this
area chiefly blackfly larvae (Diptera Simuliidae). Localities D and O are
in streams with a width of about 5m and situated above the coniferous
forest line. Finally, locality P is in a much smaller stream (width 1 to 2 m).
Extremely different stream sizes from a large river to a quite small creek
were thus encompassed in the selection. At all localities the bottom con-
sists of boulders and rocks with rather little detritus, there are no macro-
phytes, and the current is fast.
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Material and methods

Although all macroscopic animals were sampled, we are in this paper
dealing only with the mayflies and stoneflies which made up sizeable fractions
of the entire benthic communities (cf. UrrsTrAND, 1968 A), Samples were taken
at water depths between 15 and 60 cm according to a very simple procedure.
Stones were lifted from the bottom into a bucket and carried ashore. Down-
stream of the stones to be removed a nylon net was held which captured most
of the debris and animals that started to drift away when the substrate was
stirred. In fact, many more mayflies and stoneflies were taken in the net than
on the stones. The method has been discussed elsewhere (ULFSTRAND et al.,
1971). Obviously, if there were any animals deep in the bottom substrate, they
were missed. So were also specimens smaller than 2 or 3 mm. Broadly speaking,
however, mayflies and stoneflies were probably sampled with roughly similar
efficiencies, since they are in the same size range and equally mobile. The
undeniable weaknesses in the sampling procedure would be serious in, for ex-
ample, production studies, but since they affect both mayflies and stoneflies in
the same way, they do not seem to detract from the value of the data for the
present purpose. Similarly, differences in bottom area sampled may be ignored
since mayflies and stoneflies were obtained in the same samples and thus are
directly comparable.

Data from three sampling series in June, July and September, 1964, will
be used. They will be referred to as spring, summer and autumn samples, re-
spectively. Although they are separated by only 4 to 7 weeks, they do reflect
rather different phenological situations. The first series was taken only about a
fortnight after the ice had broken up from most sampling sites, and the third
after night frosts had become regular and most mayflies and stoneflies had ter-
minated their flight periods (UrrsTRAND, 1969).

The nomenclature follows ILLies (1967). Probability levels are based on
the tables in Bamwey (1968) and SieceL (1956) for parametric and nonparametric
tests, respectively.

Table 1. Mean values £ 95 per cent confidence limits for number of species (S),
species diversity (H'g), equitability (J'g) and biomass in g wet weight per m? (B).

Ephemeroptera
S H,S ]IS B n
Spring 5.22 * 0.51 139 £ 034 059 %014 1.78 £ 1.01 9

Summer 7.22 £132 148*042 052*013 273+111 9
Autumn 578092 158*031 063%010 181 £ 0.69 9

Plecoptera
S H/S ]IS B n
Spring 833184 184 +*042 060010 1.34 £ 0.54 9

Summer 489 +090 152+044 066 014 041 £ 048
Autumn 578 £ 162 122*+048 048+015 123+ 045 9

©
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Results
1. Diversity and its components

The sampling data are condensed in Appendix A and B. Relevant
mean values for each taxon and each season are presented in Table 1.
Diversity indices (H's) were, generally speaking, low and did not differ
significantly between mayflies and stoneflies, nor between seasons. Equit-
ability (Js) values were around 0.5. These two parameters were calculated
according to the standard formulae (MAcARTHUR, 1972)

8 o
Hg=— ;Pi 2log p;, and J's = Tgss-

The dependency of H's on the species richness component (*log S)
and the equitability component (J's), respectively, is examined in Figures
2 and 3. There was a clear difference between the mayflies and stoneflies:
in all three seasons the diversity of stonefly communities showed, and that
of mayfly communities lacked, a close dependency on the species richness
component. Diversity differences among mayfly communities thus were
due primarily to differences with respect to distribution of relative species
abundances (the equitability component).

2. Species richness

The benthic samples from 9 localities at 3 seasons yielded 16 mayfly
and 22 stonefly species. On average, 6.07 mayfly and 6.33 stonefly species
were obtained per locality and sampling occasion, the difference being

Hs
3.0

B y=0618x+0043
r=057 ns.

\

y=0570x -0.127

L J
F r=036 ns.

LA y=0.028x +1.326
r =001 ns.
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Fig. 2 Species diversity (H’g) plotted against species richness ((log S) in may-
fly communities.
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® y=1221x-1218
|~ r=0.85 p<0.01

A y=~1034x-1255
r=090 p <0001

my=0721x-0528
-~ r=0.76 p<0.02

Plecoptera
A = Spring
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B = Avtumin

12 16 20 24 28 32 36 2logs

Fig. 3. Same as Fig. 2 for stonefly communities.

insignificant. The species richness per locality was higher in the mayflies
in summer than in either spring (t-test, p <0.01) or autumn (p < 0.05).
By contrast, the species richness of the stoneflies was higher in spring than
in either summer (p < 0.01) or autumn (p < 0.05). Mayfly communities
were species-richer than stonefly communities in summer (p < 0.01), while
the converse held in spring (p < 0.01), there being no difference in
autumn,

The species richness values of one group was uncorrelated with that
of the other in all seasons (Kendall rank correlation, p > 0.3 in all cases).

3. Abundance and dominance

As shown in the Appendices, the samples yielded about 4 times as
many mayfly as stonefly nymphs, indicating considerably higher popula-
tion densities in the former group. The most abundant mayfly species was
Baetis rhodani, which made up more than 50 per cent of all mayfly nymphs
and was present in 26 of the 27 samples. The second most abundant spe-
cies, Ephemerella aurivillii, only made up 17 percent of all mayfly nymphs
but was as frequent as B. rhodani, Heptagenia dalecarlica was also a very
frequent species. As discussed elsewhere (ULrsTRAND, 1968 A), it is doubt-
ful whether H. dalecarlica and H. sulphurea are true species. The last-
mentioned form was absent from all the upper localities in the study area,
where H. dalecarlica was often abundant (see Appendix A).
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Among the stoneflies, Diura nanseni was the most abundant species,
making up approx. 40 percent of the total number. This is a large pre-
daceous stonefly with an extremely northerly distribution (Brinck, 1949).
Next in abundance was Isoperla grammatica, a widespread species, mainly
predaceous but perhaps best described as omnivorous (BrINCE, op. cit.).

Some species were taken in very small numbers, apparently having
straggled into lotic habitats from nearby lenitic ones, where they may be
numerous. However, some inhabitants of still waters were relatively often
taken in the stream bottom samples, sometimes in considerable numbers,
such as Baetis macani, Ecdyonurus joernensis and Diura bicaudata.

4. Biomass

Since stonefly communities in summer consisted in part of extremely
small nymphs, in part of a few very large nymphs of long-living species
(Diura nanseni, Dinocras cephalotes), biomass values were low and ex-
tremely variable at this season. In summer, the biomass of mayflies was
significantly larger than that of stoneflies. In spring and autumn, however,
biomass values were not significantly different. Evidently, for most of the
year, mayfly nymphs were much smaller on average than stonefly nymphs
(recall the higher density of mayfly nymphs).

Biomass values were plotted against the number of mayfly and stone-
fly species, respectively. In one case, viz. the mayflies in summer, a signif-
icant inverse correlation was found, using linear regression analysis (r =
—0.86, p <0.01), but the other five comparisons yielded low positive or
negative correlation coefficients. Similarly, biomass was plotted against
H’s but again no significant correlations emerged.

5. Stream size

As mentioned before, the sampling sites were located in streams of
extremely different size. However, no correlation was found at any season
between stream size and the species richness, nor between stream size and
diversity, of the mayfly or stonefly communities (Kendall’s rank correla-
tion, p > 0.05 in all cases). There was a tendency of an inverse correlation
between stream size and biomass for both mayfly and stonefly communi-
ties; the correlation was significant in one of six possible comparisons
(p<0.02), and all the other agreed in their direction, though without
reaching significant levels (p > 0.09 in all cases).

6. Biometric variation within populations

The total body-length, minus antennae and cerci, was measured
to the nearest 0.1 mm for most of the animals. The biometric varia-
tion of the populations was expressed in terms of coefficients of variation
(CV); only population samples comprising at least 20 animals were used.

Archiv f. Hydrobiologie, Bd. 76 33
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Fig. 4. Biometric (body length) variation of mayfly and stonefly populations.

Each sample includes at least 20 animals. Abbreviations: Ai = Ameletus ino-

pinatus, Bf = Baetis fuscatus, Bl = B. lapponicus, Bm = B. macani, Bp =

pumilus, Br = B. rhodani, Bs = B. subalpinus, E = Ephemerella aurivillii, H =

Heptagenia dalecarlica, Ab = Amphinemura borealis, C = Capnia atra, D =

Diura nanseni, Ig = Isoperla grammatica, Lf = Leuctra fusca, Lh = L. hip-
popus, P = Protonemura meyeri, T = Taeniopteryx nebulosa.

On this criterion, 40 mayfly and 22 stonefly samples were available for
analysis. The result is presented in Figure 4. The median CV value of the
mayfly populations was significantly higher than that of the stonefly popu-
lations (median test, p < 0.04). No seasonal differences were detected
either for the mayflies or for the stoneflies (extended median tests, p > 0.05
in both cases). The significant difference between mayflies and stoneflies
was mainly due to conditions in spring and summer (Mann-Whitney U-
tests, spring p = 0.02, summer p < 0.02, while the difference in autumn,
though agreeing in direction, did not quite reach a significant level (0.10 >
p > 0.05).

7. Biometric diversity within communities

The variation of body-length was examined after pooling all the
populations making up a community; in these calculations populations
comprising less than 20 individuals were also included. As a measurement
of the biometric variation of whole communities, the diversity H'r of size
classes, all populations combined, was computed. The results are shown
in Figure 5. No significant difference was found between the median H'g




Parameters of Ephemeroptera and Plecoptera communities 507

HR
3.9
3.7
©
3.5
3.3 ®
®
i (8)
31
2.9 ® © ® o
S ®
@ @
2.7 ®
: ® ® ®
2.5 (1)
234 ® ®
| ®
21 ®
®
® ®
194
) E— —© 2
Spring Sum-  Aut- Spring Sum-  Aut-
mer umn mer umn
Ephemeroptera Plecoptera

Fig. 5. Biometric (body length) diversity of mayfly and stonefly communities.
Letters indicate localities.

values of the mayfly and stonefly communities, respectively, according to
a median test (p > 0.3). The spread of index values evidently was much
greater among the stonefly communities, and especially so in summer and
autumn, because stonefly communities often were composed of extremely
small newly-hatched nymphs and very large specimens belonging to a few
longlived species. Dinocras cephalotes, with its three or four year life
cycle, appreciably contributed to the high biometric diversity of the stone-
fly communities at locality O.

When the H's and H'r values of mayfly and stonefly communities,
respectively, were plotted against each other, linear regression analyses
yielded correlation coefficients that were insignificant, both for the may-
flies (r = 0.19) and for the stoneflies (r = 0.35). Nor was any correlation
found between number of species and number of size classes (KENDALL’s
rank correlation).

8. Seasonal differences in community composition

The relative species richness of a given locality was not consistent
through the seasons; observations in spring, for example, did not allow
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any predictions of the relative species richness of the same site at other
seasons. This was tested using KENDALL's coefficient of concordance.

The change in community composition between two contiguous sam-
pling occasions was measured using the formula

Z [(Pi)t' - (Pi)t"]
* Qc . i=1

Q = Q. (max) B 2

where p; is the proportion of the i:th species in the set of n species on
sampling occasions t’ and t”. By dividing the Q. value by Q. (max) = 2,
an index (Q%) varying from 0 (no change) to 1 (all species interchanged)
is obtained.

Seasonal changes in community composition are illustrated in Figure
6. They were found to be greater in the stoneflies than in the mayflies
(median test, p < 0.05). Closer inspection showed that this was basically
due to conditions in the smallest streams (localities D, O and P); however,
the tendency went in the same direction in the other triads of localities

.
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A 5 A 0 A
0.9
1. A A
®
0.8 n a E
Q Pay
0.7 4
A ul []
0] 2 *
s O
054 m g
o]
A
0444 .
o °
034 . N O e
[ ] ®
A
o.z-D .
014 -

H E K N B A DO P
Locolities

Eph. Plec.
A A Spring — summer
[ ] O  Summer — autumn
a O Avtumn - spring

Fig. 6. Seasonal changes of community composition (Q%, calculated as explained
in the text).
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(H, E, K = large river; N, B. A = medium-size river). No significant dif-
ferences between different pairs of adjacent seasons (sampling occasions)
were found.

9. Between-locality differences in community composition

Table 2 shows the mean Q: for each locality, season and taxon. In
summer, the mean between-locality difference in community composition
was significantly higher in the stoneflies than in the mayflies (t-test, p <
0.001). In spring, the same tendency prevailed, though not reaching signif-
icance (0.20 > p > 0.10), while no difference was found in autumn.

Using Kendall’s coefficient of concordance, some localities were ex-
amined to determine if any were characterized by consistently higher QZ
values. There was a tendency for some localities, such as N and K, to
score low mean Q: values, but not strong enough for the concordance to
reach a significant level (0.20 > p > 1.10).

10. Summary of results

A) Mean diversity and equitability values were not significantly dif-
ferent between mayfly and stonefly communities.

B) The diversity index of the stonefly communities was closely cor-
related with the species richness component; this was not so in the may-
fly communities, where diversity differences were dependent on the equit-
ability component,

C) The two groups were represented by approximately similar num-
bers of species per locality. Species richness peaked in spring for the
stoneflies, in summer for the mayflies.

Table 2. Mean Q: values for each locality computed against the other eight

localities. The localities are arranged from top to bottom in order of diminishing
stream size.

Ephemeroptera Plecoptera
Locality Spring Summer Autumn Spring Summer Autumn

0.607 0.653 0.546 0.760 0.665 0.328
0.442 0.591 0.391 0.749 0.648 0.772
0.437 0.346 0.352 0.525 0.574 0.309
0.663 0.349 0.445 0.541 0.602 0.364
0.437 0.354 0.611 0.593 0.671 0.362
0.765 0.470 0.508 0.581 0.654 0.373
0.479 0.368 0.496 0.717 0.660 0.305
0.579 0.407 0.517 0.658 0.804 0.662
0.625 0.336 0.419 0.626 0.734 0.427

JOUOrEZREoD

Mean 0.559 0.430 0.476 0.639 0.668 0.434
S$.D. 0.245 0.204 0.191 0.197 0.305 0.253
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Appendix A. Survey of sampling results of Ephemeroptera.
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1]
£ & % sz .
T 3 & 0§ 3 . & 5
5= 5§ 3 & 0% ¢ & § %%
R NE £ -§ "'; 2 3 § = E & §
Be = 3 % §&§ & & £ 8§ §£%
Eg 3 § § = & & % & %8
A8 & < ®m &© & o o o Q.3
H spring 1.8 19 1 1
summer 1.2 49 25 14 48 52
autumn 14 24
E spring 2.0 24 1 50
summer 2.1 4 2 348 1 212 1
autumn 2.1 12 195 42
K spring 3.2 102 179
summer 1.8 2 7 61 8 250
autumn 1.1 1 75 9
N spring 2.2 256 49
summer 0.8 1 9 4 18 98
autumn 14 44 2 52 14
B spring 2.3 23 71
summer 1.0 1 19 248
autumn 2.1 170 12 55
A spring 2.9 1 4 6
summer 1.6 2 16 83 7 113
autumn 1.5 26 5
D spring 3.3 41 8§ 317
summer 2.3 1 1 9 34 602
autumn 25 21 310 14
O spring 1.4 2 6 110
summer 24 12 354 29 601
autumn 19 12 11 20 704 1
P spring 1.3 7 4 6
summer 1.1 55 80 411
autumn 1.1 11 41 524 70
2 spring 20.4 — 475 — —_ — A4 789 — 1
summer 14.3 2 12 68 526 440 196 2,583 52 —
autumn 15.1 — 1 244 23 — 96 1,910 209 1
2 49.8 2 488 312 549 440 316 5282 261 2
9/ 002 484 310 545 437 314 5241 259 0.02

D) Species richness values of one taxon were not correlated with those
of the other at the same locality.

E) Four times as many mayfly as stonefly nymphs were obtained in
the samples. In each taxon, the most abundant species made up 40 to 50
per cent of the total number of individuals.
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S Sy §E 3 S §F 3§ s 0w ¢
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15 1 5 37 0.3 144 062
2 3 1 8 9 202 10 251 079
13 184 3 221 1.8 081 051
3 1 12 6 91 04 167 065
1 6 11 1 1 10 582 10 130 039
8 6 186 280 7 559 14 173 062
43 6 14 5 414 26 197 085
25 20 12 7 378 26 164 058
28 77 6 197 13 187 072
4 15 4 324 22 096 048
1 5 1 8 187 26 147 049
16 33 6 161 0.7 222 086
9 14 5 118 06 161 069
4 23 5 295 57 086 037
8 127 5 8712 16 178 075
1 2 268 6 202 44 057 022
26 18 7 265 20 208 074
5 18 10 135 6 199 09 156 0.60
34 4 5 6 446 22 144 056
1 4 1 8 690 27 076 025
98 43 1 6 487 35 155 0.60
22 3 5 143 12 110 047
46 2 6 1044 35 142 055
64 88 7 900 26 117 042
21 46 5 8421 177 076
14 5 5 565 35 125 054
17 178 6 841 25 161 062
— — 14 138 — 490 20 8 1957
2 8 3 134 1 8 15 15 417
— 13 24 270 — 1145 1 12 3,948

2 21 75 540 1 1,717 36 16 10,078
002 021 074 536 001 17.04 036 0.16

F) Mayfly nymphs on average weighed less than stonefly nymphs.
No correlation between species richness and biomass could be de-
monstrated.

G) There was a clear tendency of higher biomass values per unit
area being associated with smaller stream sizes; this held for both may-
flies and stoneflies. By contrast, there was no apparent relationship be-
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H spring 1.8 1
summer 1.2 4 1 14
autumn 14 8
E spring 2.0 1
summer 2.1 3 1
autumn 2.1 112 48
K spring 3.2 1 1 2 2 1 27
summer 1.8 20 2 1
autumn 1.1 4 9
N spring 2.2 4 1 1 2 16
summer 0.8 20 1
autumn 14 3
B spring 2.3 1 1 1 6
summer 1.0 54 1
autumn 2.1 3 8
A spring 2.9 8 88
summer 1.6 12 1
autumn 1.5 8 2
D spring 33 22 5
summer 2.3 10 3 37
autumn 2.5 4 5 2
O spring 14 9 8 4 1 43
summer 24 1 17 27
autumn 19 19 9 3
P spring 1.3 6 20 21 6 196
summer 1.1 10 8 5 3
autumn 1.1 4 10 28 2 1
2 spring 20.4 39 — 12 8 23 2 29 2 9 1 -— 382
summer 14.3 — — 106 30 2 —_ — — 25 17 85 —
autumn 15.1 1 146 — — — — 10 — 61 2 64 —
2 49.8 146 118 38 25 2 39 2 95 20 149 382
% 155 566 4.58 147 097 0.08 151 008 369 078 578 14.82

tween stream size and species richness, nor between stream size and spe-

cies diversity.
H) The biometric variation (in terms of body length) was greater in

mayfly than in stonefly populations.

I) The biometric diversity of communities of mayflies and stoneflies,
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1 66 7 4 75 19 065 032
30 1 5 50 01 147 0.63
1 80 7 5 98 1.3 099 043
5 2 4 20 1 6 33 03 177 068
8 3 1 5 16 004 191 082
1 4 48 83 6 296 09 201 078
4 1 34 1 4 11 78 15 216 0.63
1 2 2 6 28 01 151 058
1 1 62 6 80 06 119 046
3 1 20 9 1 11 59 11 2860 0.75
1 5 1 5 28 0.6 131 0.58
110 2 113 1.0 0.18 018
4 1 33 3 8 50 11 182 061
1 3 56 0.5 048 0.30
1 1 174 5 187 13 047 020
2 2 7 32 1 7 140 1.0 159 0.56
3 3 16 0.02 1.01 064
23 82 4 115 20 118 059
1 1 5 2 8 1 8 45 08 188 0.63
61 1 5 113 01 156 0.87
2 1 2 1 64 9 82 068 136 043
2 2 1 13 3 10 86 1.7 235 0.71
15 52 6 121 2.0 211 082
1 1 41 74 7 140 23 1.67 059
1 14 7 2 10 10 283 2.7 175 053
7 1 6 34 01 235 091
17 91 4 8 157 11 180 063
21 1 2 2 10 182 81 9 15 19 20 849
— — — 1 — 124 17 2 52 — 11 461
25 — 4 4 30 752 91 — 78 — 13 1,268
46 1 6 7 40 1,058 189 11 145 19 22 2,578
1.78 004 023 027 155 41.04 7.33 043 562 0.74

respectively, was not demonstrably different. Stonefly communities, how-

ever, covered a wider range of diversity values than did mayfly communi-

ties.

J) Species diversity and size diversity values were not correlated in

either taxon.
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K) Relative species richness of a given locality changed between
seasons,

L) Seasonal changes of community composition were significantly
greater among the stoneflies than among the mayflies.

M) Between-locality differences of community composition were
greater in stoneflies than in mayflies in two out of three seasons; in the
third season no difference could be demonstrated.

Discussion -

Differences in the diversity of stonefly communities were strongly
correlated with the species richness component, while those of mayfly
communities — from the same habitats — were regulated by differences
in relative species abundances. Several population and community para-
meters have been invoked to explain corresponding discrepancies between
taxa, and the following discussion will be devoted to an examination of
what factors may be relevant for the mayfly and stonefly assemblages
described above (WiLBUR et al., 1974).

In avian communities, which are more fully studied from these as-
pects than most others, TraMer (1969) and Kricuer (1972) found that
species richness exerted a dominant influence on community diversity. The
stonefly communities showed the same relationship. Bird communities
yielded distinctly higher diversity and equitability indices than those found
in the present mayfly and stonefly communities. Equitability was found
to have an impact on bird community diversity only in certain habitats,
such as marshes, where large amounts of food attracted large aggregations
of single species, or at most a few species of birds.

The present results emphasize that similar diversity index values may
result from rather divergent communities. To be useful, diversity indices
must be accompanied by an evaluation of the role of the components of
species richness and equitability.

The mayflies and stoneflies were obtained in the same samples. Thus,
they inhabited closely similar environments. Therefore, we may discount
environmental factors such as, for example, habitat and climatic stability
and predictability (Copy, 1974; SoutHwoop et al., 1974) or frequency of
predation (P1anka, 1966) when discussing differences in diversity between
the mayfly and stonefly communities. Such external factors may be
regarded as constant in the present study. Therefore, we have to examine
what intrinsic properties of the animal populations and communities may
shed light on the reasons for the differences in the composition of the
diversity.

Although the sampling sites were designed to encompass streams of
widely different size classes, the species richness of both mayflies and
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stoneflies was approximately the same at all localities. Certainly, inspec-
tion of the data presented in the appendices will reveal that several species
were restricted to one or a few localities. Especially the lake outlet locali-
ties and the smallest streams were inhabited by certain species that were
wanting elsewhere. Evidently, however, species were exchanged for each
other, since the total sum remained about the same. This suggests that
the communities were saturated and that the available resources were
being shared by a maximum number of species. One may question whe-
ther some habitat types quite generally possess fewer potential niches than
others, and more specifically, whether lotic habitats whose animal popula-
tions are supported by a comparatively unstructured food source, viz. al-
lochthonous detritus (MinsHALL, 1967; Mapsen, 1972; ManN et al., 1972),
may constitute such an inherently niche-poor habitat type. This idea
perhaps finds some support in the fact that running waters differ from
most habitats (but see OweN & Owen, 1974) in showing no increase in
terms of species richness from the pole to the equator (Patrick, 1966;
MACARTHUR, 1969; TrAMER, 1974).

Mayflies, on average, exploit a lower trophic level than do stoneflies.
As far as is known, all mayflies subsist on detritus and/or living plant
tissues, chiefly epilithic algae (Brown, 1961; ArBrecHT, 1968; THORUP,
1970; MapsEen, 1972). Some stoneflies also consume a mixture of detritus
and living algae, but a number of species are completely or mainly pre-
daceous, such as Diura, Dinocras, and Isoperla (BriNck, 1949; SHELDON,
1969). It is an astonishing fact that dense populations of such a large
predator as Diura nanseni (SHELDON, 1972) can be supported by highly
oligotrophic subarctic streams and rivers. Clearly, the stoneflies as a group
occupy a more varied set of food niches and, as a group average, a higher
trophic level than the mayflies.

That trophically lower-level animals, in this case the mayflies, pro-
duce large numbers of small progeny in comparison to higher-level ones,
such as the stoneflies, is a finding that seems to accord with expectation
(cf. also CrossLEY et al., 1973).

Large cohorts of progeny may mean intense intraspecific competition
for food or other resources. Such competition may be mitigated, if the
progeny are present in variable sizes at the same time — assuming that
large and small individuals draw on partly different resources (VAN VALEN,
1965; SmucarT & BravLock, 1973). As shown above the mayfly popula-
tions were distinguished by a comparatively great morphometric variabil-
ity. This may be interpreted as a mechanism of reducing intraspecific
competition and nymphal mortality. If different age classes have different
abilities of surviving environmental stresse, such as droughts or spates,
so much the better.
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The most abundant mayfly species in the study area, Baetis rhodani,
is an agile species seeking much of its food on top of illuminated stones,
where algal growth is copious. This food niche is presumably rewarding,
but hazardous, because of the foraging animal’s exposure to predators and
to the force of the water current (BisHop & Hynes, 1969; THiBAULT et al.,
1972). The period of maximum growth of most mayflies in Lapland, in-
cluding B. rhodani, falls in the months around the summer solstice. This
may be an adaptation to the maximum primary production rate in those
months. I have argued elsewhere (ULFsTraND, 1969) that food require-
ments of the nymphs of stoneflies and mayflies may influence life history
patterns more than demands by the short-lived adults (cf. TLLies, 1952).

Morphologically, B. fuscatus and B. subalpinus closely resemble B.
rhodani. They seem to differ from each other with respect to their pre-
ference for different current speeds (ULFsTRAND, 1968 A), and both differ
from B. rhodani in having a distinctly later flight period (UrrsTraND, 1969).
Also B. macani is similar to B. rhodani in external morphology, but lives in
lakes and, to some extent, lake outlets, and so differs from the other Baetis
species. The remaining two species, B. lapponicus and B. pumilus, have
such deviating morphologies that they are evidently adapted to micro-
habitats markedly different from the other Baetis species; B. lapponicus be-
ing dorsoventrally flattened and tending in the direction of the heptageni-
ids, and B. pumilus being cylindrical and, at least superficially, singularly
ill-shaped to resist the force of the current.

Thus, the genus Baetis provides examples of ecological segregation of
several types (cf. Lack, 1971; Grant & Mackay, 1969). However, the num-
ber of mayfly species obtained in the same samples and thus inhabiting the
same patches within the same habitat was relatively higher than among the
stoneflies. Note that many of the mayflies recorded in the study area (list in
ULFSTRAND, 1969) were not eligible, because they exclusively inhabit lenitic
habitats. Almost all the stoneflies, by contrast, primarily belong to running
waters. Consequently, proportionately more mayflies coexist, if one takes
into account that the number of mayfly species available was smaller than
one might judge from a total species list.

The stonefly communities in many respects differ from the mayfly
communities. Primarily, the distinctly larger seasonal and inter-locality
differences in terms of community composition must be pointed out. Such
differentiation suggests a high degree of latent competition, or its inverted
value, specializations to avoid competition (cf. Brown, 1973). The lesser
morphometric variation of stonefly populations speaks in favour of the same
interpretation; each species sits on a narrower adaptive peak. Almost all
species grow most rapidly in autumn and early spring, that is, when
primary production may be low, and hence largely subsist on a non-
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replenishable supply of detritus, excepting Leuctra fusca which does grow
in summer (Brinck, 1949) and, of course, the predaceous species. Some
stoneflies are relatively big and may take more than one year to complete
their life cycles (Dinocras cephalotes; in some years also Diura nanseni,
ULFsTRAND, 1968 B). Stoneflies are extreme specialists of lotic environ-
ments and may not easily evade competitive pressures through taking
refuge into lacustrine environments. However, Diura bicaudata, which in
Lapland exclusively inhabits large lakes with stony shores, dwells in
streams in Britain (Hynes, 1952). This may be a case of competitive
exclusion.

The parameters that are diagnostic between the mayfly and stonefly
communities may be integrated in terms of differential selective pathways
(MacArtHUR & WiLsoNn, 1967; Soutawoob et al., 1974). The strategy of
the mayflies appears to be one of copious output of young that are rela-
tively unspecialized but do achieve a certain amount of intraspecific re-
source division through a great variation in body size at any point in time.
In the stonefly communities, on the other hand, one finds narrower feeding
specializations, less violent numerical fluctuations, and strong interspecific
interactions. In short, the two groups we have been comparing seem to be
placed relatively far from each other on an r to X selection scale.

Zusammenfassung

Quantitative Proben der Ephemeropteren- und Plecopteren-Gesellschaften
wurden von Steinoberflichen im Bereich starker Wasserstrémung an neun Sta-
tionen des Flusses Vindelilven (Schwedisch-Lappland) sowie einiger seiner Ne-
benfliisse verschiedener GréBe entnommen. Das Material wurde im Friihling,
Sommer und Herbst gesammelt. Die Proben wurden sowohl auf Artenreichtum,
Artendiversitit (in Artenreichtum und Equitabilitit gegliedert), Individuenreich-
tum, Dominanz der hiufigsten Art, Biomasse, biometrische Variation innerhalb
von Populationen und ganzen Artgesellschaften als auch auf zeitliche und rdum-
liche Unterschiede hin untersucht. In den Plecopteren-Gesellschaften war der
Index der Artendiversitit (H’) eng mit dem Faktor Artenreichtum korreliert, in
den Ephemeropteren-Gesellschaften dagegen mit dem Faktor Equitabilitit. Die
Erklirung dieses Unterschiedes ist die Hauptaufgabe der Analyse. Zwischen den
Ephemeropteren und den Plecopteren wurden betrichtliche Unterschiede in be-
zug auf die durchschnittliche trophische Ebene, die relative Bedeutung bioti-
scher und abiotischer Umweltfaktoren (besonders Konkurrenz im weiteren Sinne)
und Fortpflanzungsstrategien nachgewiesen, die wahrscheinlich von Bedeutung
fiir die Diversititsdifferenz zwischen den zu vergleichenden Artengruppen sind.
AbschlieBend werden die Anpassungsmuster der Ephemeropteren und Ple-
copteren in den Begriffskreis ,,r- und K-selection eingefiigt.
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