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Diversity patterns exhibited by the Plecoptera of a Colorado 
mountain stream 

J.V. Ward l 

Plecoptera collected from 11 locations along the longitudinal profile (first to fifth orders) of a Rocky Mountain stream 
(St. Vrain Creek) revealed distinctive spatial patterns of species diversity. Overall diversity was low near the stream source 
(epirhithron), attained maximum values in middle reaches, then declined dramatically concomitant with the transition 
from rhithron to potamon conditions. Shannon-Weaver index values (d") were < 1.0 at high elevations and at the potamon 
station, whereas d exceeded 3.0 in middle reaches. Species richness based on summer data alone is depressed by nearly 
50 % at some locations, but the summer spatial pattern of d values is in general concordance with that derived from the 
entire data set. Species diversity patterns of consecutive summers were relatively stable considering the substantial diffe
rences in discharge. To accurately determine Plecoptera diversity patterns, it was necessary to combine data from both 
fine (240 ^m) and coarse mesh (720 ̂ m samples). Although a myriad of interrelated factors determine the diversity of lotie 
insects at a given site, summer maximum temperature and annual temperature r a n g e a p p e a r to b e major variables 
controlling the spatial diversity pattern of Plecoptera. 

Distr ibut ion spatiale de la divers i té spéci f ique des Plécoptères dans un c o u r s d'eau d e montagne d u Colorado . 

Des récoltes de Plécoptères dans onze stations situées le long d'un cours d'eau des Montagnes Rocheuses (du premier 
au cinquième ordre) ont montré une nette distribution dans l'espace de la diversité spécifique. Faible près de la source 
(épirhithron), la diversité globale atteint une valeur maximale dans le cours moyen puis baisse fortement lors du passage 
du rhithron au potamon. L'indice de Shannon-Weaver (d) présente une valeur inférieure à un à haute altitude et dans la 
station du potamon alors qu'il dépasse trois dans le cours moyen. La richesse spécifique basée sur les seules données 
estivales est abaissée de près de 50 % dans certaines stations mais la distribution dans l'espace des valeurs prises par 
d est en accord avec celle qui est basée sur l'ensemble des données. Cette distribution est restée stable pendant plusieurs 
étés successifs, malgré de fortes différences dans les débits. Pour établir de façon précise la distribution de la diversité 
des Plécoptères, il fallut combiner les données fournies par les récoltes effectuées avec un filet à mailles fines (240 ^m) 
et un filet à larges mailles (720 « m ) . Bien qu'une multitude de facteurs interdépendants déterminent la diversité des insec
tes lotiques à chaque endroit, la température estivale maximale et l'amplitude annuelle des températures semblent être 
les principaux facteurs qui contrôlent la distribution dans l'espace de la diversité des Plécoptères. 

I n t r o d u c t i o n 

Since its embrace by the mainstream of modern 

community ecology (MacArthur 1957, Margalef 

1957, Hutchinson 1959), the concept of species diver

sity has generated considerable interest and contro

versy and remains a central issue of ecological 

theory (Brown 1981). In aquatic habitats diversity 

indices have been commonly employed in studies of 

water quality (e.g., W i l h m & Dorris 1968, Ghetti & 

Bonazzi 1977, Bournaud & Keck 1980) but only 

rarely have been applied to the macroinvertebrate 

communit ies of unpolluted waters (Ulfstrand 1975, 

Stanford & W a r d 1983). 

1 Department of Zoology and Entomology, Colorado State Uni
versity, Fort Collins. Colorado 80523, U.S.A. 

The primary purpose of this paper is to examine 

the spatial pattern of Plecoptera diversity in a Colo

rado stream system that traverses an extensive ele

vation gradient as it undergoes the transition from 

epirhithron to epipotamon conditions (sensu l i l ies 

& Botosaneanu 1963). Secondary purposes include 

assessing the influence of mesh size, discharge, and 

year-round versus summer sampling on Plecoptera 

diversity patterns. See W a r d (1982) fora list o f spe

cies and their altitudinal limits (based on coarse 

mesh samples) in the study stream. 

1. — S t u d y a rea a n d methods 

The diversity of a biotic communi ty has t w o com

ponents. The species richness component in its sim-
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plest f o rm is mere ly the number of species present. 
The evenness component relates to the distribution 
of individuals among the various species. T h e 
Shannon-Weaver function (Shannon & Weaver 1949), 
which combines richness and evenness in a single 
measure, is used in the present study. It has been 
wide ly employed in studies of aquatic invertebra
tes and is relat ively insensitive to sample size. 

Sampl ing was conducted at 11 stations along the 
longitudinal profi le of St. Vrain Creek (Fig. 1), a Cor-
dil leran stream or iginat ing f rom snowmel t in the 
alpine tundra (3 414 m a.s.l.) of northern Colorado. 
L o w e r and midd le elevation stations w e r e sampled 
monthly (June 1975 - Sep tember 1976) ; the upper
most stations were inaccessible during the extended 
per iod of snowcover , which l imi ted monthly sam
pl ing to the t w o consecutive summers. 

Six samples (each 0.09 m 2 ) w e r e col lected from 
each site on each date wi th Surber samplers equip
ped wi th fine (240 ^ m ) and coarse mesh (720 ^ m ) 
nets. Within-si te and between-site differences in 
substrate and current w e r e minimized by confining 
sampling to rubble riffles, the predominant habitat 
type. Dissolved oxygen was near saturation at all 
locations. Whereas thermal condit ions exempl i f ied 
the transition f rom epirhithron (Site 1) to epipota-
mon (Site 11), other factors (oxygen, substrate, cur
rent) maintained rhithron characterist ics along the 
ent ire stream prof i le . 

KILOMETERS FROM SOURCE 

Fig. 1. Longitudinal profile of St. Vrain Creek, Colorado, 
with site locations indicated by Arabic numerals. His
tograms show the relative contribution (X % compo
sition by numbers, year 1, coarse mesh) of families to 
total Plecoptera. Values < 1 % are not indicated. 

2. — R e s u l t s a n d d i s c u s s i o n 

All o f the Nor th American families of Plecoptera 
except Pel toperl idae are represented in the study 
stream (Fig. 1). St. Vrain Creek has a slightly grea
ter familial and generic diversity than the Plecop
tera fauna of the Pyrénées, but only 33 species were 
collected compared to 78 for the Pyrénées (Berthé
lemy 1966). Because the Rocky Mountains are ali
gned roughly N-S, Pleistocene glaciation did not 
result in the long-term isolation of Plecoptera as 
occurred in Europe where populations differentia
ted within numerous mountain réfugia to fo rm 
many endemic species (li l ies 1953). 

Total Plecoptera diversity of the study stream was 
low in the headwaters, attained maximum values in 
middle reaches, then declined dramatically conco
mitant with the transition from rhithron to potamon 
conditions (Fig. 2). Because the open season is so 
short at high elevations, it is unlikely that any com
mon species w e r e missed despite the more restric
ted sampling periods at headwater stations. Mid
winter sampling through the ice during a winter of 
extremely low snowfall (1981), which al lowed access 
to upper stations, failed to yield additional species. 
Shannon-Weaver values (d) and species richness 
exhibited generally similar spatial patterns. The 
decline in d from Station 1 to 2, despite constant o r 
increasing species richness, results f rom the 
extreme numerical dominance by Zapada oregonen-
sis at Station 2, especially during year 2. The dip in 
d values between Stations 6 and 10 is primarily attri
butable to the development of large populations of 
Prostoia besametsa and Eucapnopsis brevicauda at 
the intervening stations. 

Species diversity values are depressed if only sum
mer data are utilized (Fig. 2). This is especially appa
rent for species richness. The number of species 
encountered during summer represent only slightly 
more than half of the total Plecoptera fauna at some 
locations in the middle reaches. The lower number 
of species in summer is partly a function of missing 
rare species when examining a smaller number of 
samples and partly a direct result of the restricted 
sampling per iod as it relates to life cycle patterns. 
Many Plecoptera are univoltine with fast seasonal 
cycles (sensu Hynes 1970) and remain in egg dia
pause throughout the summer. Obviously the 
nymphs of such species would not normally appear 
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Fig. 2. Spatial diversity patterns of Plecoptera based on Shannon-Weaver index values (d) and species richness 
for two overlapping one-year periods. Year 1 (June 1975-May 1976) included a spring runoff period with high 
discharge ; year 2(Oct. 1975-Sept. 1976) exhibited a normal spring runoff. Sampling was confined to the sum
mer at the upper three stations. Numbers collected during the summers at Station 11 were insufficient for 
valid d calculations. Based on a composite of fine and coarse mesh data. 

in summer collections. For example, nymphs of Pros-
toia besametsa first appear in samples in December 
or Junuary and most have emerged by June ; 
nymphs of Taenionema nigripenne appear in Octo
ber or November and most have emerged by May. 
It is therefore possible to comple te ly miss common 
species by restricting sampling to the summer 
period. 

The reductions in d values when based solely on 
summer data are relatively small (Fig. 2). The spa
tial patterns of Shannon-Weaver diversity from sum

mer data are in general concordance with those deri
ved from the entire data set, although maximum d 
values occur at Station 5 rather than Station 6 
during both years. 

Because of an especially high snowpack the pre
ceding winter, year 1 had a higher discharge and an 
extended per iod of runoff compared to year 2 ( X 
summer discharge at Station 6 of 2.2 and 1.0 m 3 

s e c 1 , respect ively) . Al though Plecoptera density 
estimates were responsive to changes in the f low 
regime of successive years, species diversity pat-
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terns remained relatively stable (compare solid cir
cles in Fig. 2), considering the dramatic differences 
in summer discharge (including effects on sampling 
eff ic iency) . Diversity values at many stations were 
somewhat higher the second summer, but at others 
they w e r e slightly lower or at the same level. 

The importance of mesh size in sampling stream 
macroinver tebrates has been considered largely as 
it affects density and biomass estimates. Because 
of reports that fine mesh nets, whi le m o r e efficient 
in retaining small organisms, may less efficiently 
sample larger and more act ive animals such as cer
tain Plecoptera (Mackereth 1957, Zelt & Clifford 
1972), both fine (240 ^ m ) and coarse mesh (720 ̂ m ) 
were utilized in the present study. At some locations 
the mesh size of the sampler markedly influenced 
Plecoptera diversity values (Fig. 3). In six instances, 
data from either fine or coarse mesh yielded diver
sity estimates at least 50 % greater than values deri
ved from the other mesh size at a given location (d 
at Stations 1, 2, 7 ; species richness at Stations 1, 
2, 11). In four of these six cases fine samples yiel
ded the higher diversity. Similar results were obtai
ned during year 1 (nos shown), except that in all 
cases (where difference exceeded 50 %, an arbitrary 
level) coarse samples yie lded the higher values. 

Results f rom diversi ty calculations based on the 
combined data from coarse and fine samples add yet 
another dimension. In most cases d values from the 
combined data are intermediate, but at t w o stations 
values are slightly higher than those der ived f rom 
either mesh size (indicated by open triangles in Fig. 
3). At seven locations composi te samples yie ld more 
species of Plecoptera than either mesh size consi
dered separately. The increased species richness 
results part ly from doubling sample size by combi
ning coarse and fine data and partly f rom species-
specific differences in retention as a function of 
mesh size (see Zelt & Clifford 1972). Common spe
cies that consistently occurred in greater numbers 
in fine samples include the nemourid Prostoia besa-
metsa and the capniid Eucapnopsis brevicauda. 
Other species, including Pteronarcella badia, we re 
better represented in coarse samples, and the lar
ger pteronarcid Pteronarcys califomica was collec
ted only with coarse mesh. In the present study, ple-
copterans missed wi th one or the other mesh were 
general ly rare species o r species that w e r e rare 
local ly (i .e. , marginal populations). 
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Fig. 3. Shannon-Weaver diversity and species richness 
data based on coarse (720^m) and fine mesh (240^m) 
collections of Plecoptera (combined from all dates 
during year 2). Open triangles are used to designate 
composite diversity only where the combined date from 
coarse and fine mesh samples result in greater values 
than either mesh size. 

Ulfstrand (1975) reported that the species richness 
component governed the total Plecoptera diversi ty 
in Lapland streams. Data from the present study 
suggest that Shan non-Weaver diversity and species 
richness should both be considered when attemp
ting to characterize Plecoptera diversity patterns in 
lotie ecosystems. Bournaud & Keck (1980) also con
cluded that whi le species richness alone is a sensi
tive indicator of environmental conditions, the use 
of additional diversi ty indices increases the accu
racy of the interpretation. 
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3. — C o n c l u s i o n s 

An eminent Amer ican zoologist recently stated 

that « One of the greatest remaining challenges in 

b io logy is to explain the diversi ty of l iving things » 

(Brown 1981, p. 877)- T h e present paper has exami

ned Plecoptera diversity along the longitudinal pro

file of a mountain stream, but does not presume to 

provide a definit ive explanation for the observed 

spatial pattern. Species diversity patterns are deter

mined by a myriad of interrelated, and often poorly 

understood, factors. Several investigators have, 

however , proposed temperature as a major factor 

controlling altitudinal distribution patterns of aqua

tic insects (see W a r d & Stanford 1982), and this 

appears especially applicable to Plecoptera (Brinck 

1949). As previously stated, the sampling p rogram 

for St. Vrain Creek a l lows certain other variables 

to be el iminated as major determinants o f Plecop

tera diversity. 

CO ^4-

extended per iod of ice and snow cover (7 4- months 

per year), low summer temperatures ( < 6 ° C), and 

a l imited number of annual degree days « 5 0 0 ) . The 

few plecopterans able to tolerate conditions at upper 

stations w e r e p r imar i ly eurythermal species 

(Zapada oregonensïs, Megarcys signala) whose dis

tributions encompassed a wide range of e levat ion 

(Ward 1982). 

Although a d iverse and abundant insect fauna 

occurs at Station 11 (epipotamon), most Plecoptera 

are unable to tolerate summer temperatures which 

frequently exceed 20° C and attain maxima of 25° C. 

In the middle reaches where Plecoptera species rich

ness is maximized, there is sufficient thermal diver

sity for considerable niche diversification, yet tem

peratures do not exceed 16° C. 

Plecopterans are the most cool adapted and rheo-

philic of the aquatic insect orders. T h e stonefly 

fauna of mountain streams has evolved in response 

to predictable thermal heterogeneity. A broad 

annual temperature range, provided m a x i m u m 

values do not exceed certain limits, has facili tated 

temporal niche segregation mechanisms and enhan

ced species diversi ty. It appears that temperature 

has played a major role in structuring Plecoptera 

diversi ty patterns along the longitudinal prof i le of 

stream systems. 
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Fig. 4. Plecoptera species richness (combined data from 
coarse and fine mesh on all dates) as a function of 
annual temperature range. 

The relationship between diversity and the annual 

temperature range for the study stream (Fig. 4) is 

s imilar to that exhibited by the Plecoptera fauna of 

the Flathead Rive r system in Montana (Stanford & 

W a r d 1983). At high elevation headwater stations in 

St. Vrain Creek diversi ty is undoubtedly l imited by 

the general severi ty of conditions, including the 
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