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SECONDARY PRODUCTION ESTIMATES OF BENTHIC INSECTS
IN THREE COLD DESERT STREAMS

W. L. Gaines " *, C. E. Cushing’, and S. D. Smith?

ApsTRACT.—We studied aguatic insect production in three cold desert streams in southeastern Washington, The
Size-Frequency (SF) and P/B methods were used to assess production, which is expressed by taxon, functional group, and
trophic level.

Dipterans {midges and black tlies) were the most productive taxa, accounting for 40-70% of the total insect production.
Production by collectors and detritivores was the greatest of all functional groups and trophic levels, respectively, in all study
streams,

Insects with rapid development times and multiple cohorts are very important in cold desert streams; they were Major
contributors to the total insect production. Total insect pmductmn rates in our study streams (14-23 g DW-m™.yr™") were
greater than those found in Deep Creek, Idaho (1.2 g DW-m’ Z.yr’), the only other cold desert stream for which pmdun:,h{:un
data are available. Our values alsn were generally greater than published data tor most cold/mesic (3-27 g DW -y yr B
and humid/mesic (3-25 g DW- m yr ) streams, but lower than in Sonoran Desert Streams (=120 ¢ DW-mr’ yl ) or New
Zealand streams (~40 g DW-m’ Zyr ).

Our data support the contention of others that production, rather than density or biomass, is the wost accurate and
meaningful way to assess the role of these organisms in lotic ecosystems.

Key words: productivity, benthos, spring-streams, cold desert, functional groups, trophic levels, Diptera, Trichoptera,
Coleoptera, Ephemeroptera, Odonata, Plecoptera.

Community-level production of insects has mass analysis and overestimated by numerical
been assessed in relatively few stream types, and  analysis in a southeastern stream (Benke et al.
of all macroinvertebrates in even fewer. Partic-  1984). Waters (1977) states that production is
ularly, little is known about secondary produc-  important to understanding ecosystem dynam-
tion in arid region streams. The only studies of  ics because it is the means by which energy is
secondary production in arid region streams made available to higher trophic levels.
that we are aware of are those of Minshall et al. While most secondary production studies
(1973} in Deep Creek, Idaho, in the cold desert  have focused on one or a tew species in a stream
province, and Fisher and Gray (1983) and Jack- (Benke and Wallace 1980, Waters and
son and Fisher (1986) in Sycamore Creek, Ari- Hokenstrom 1980, O'Hop et al. 1984), more
zona, in the hot desert region. recent studies have estimated secondary pro-

Secondary production is the rate of animal duction of the entire macrobenthic fauna
tissue elaboration over time regardless of the (Krueger and Waters 1983, Benke et al. 1984,
fate (e.g., camivory, emergence) of that produc-  Smock et al. 1985, Huryn and Wallace 1987).
tion {Benke and Wallace 1980). Estimating sec-  Yet to be integrated into community-level anal-
ondary production in a stream provides one yses are the hyporheic fauna, protozoa, and
assessment of the role of animals in the ecosys-  other microinvertebrates. The community-level
tem (Benke and Wallace 1980) as well asinsight  approach provides a more integrated insight
into ecosystem dynamics. Estimating only den-  into the ecology of stream ecosystems,
sity and biomass, regardless of time, may not ~ The purpose of this study was to measure the
accurately describe the role of organismsin the  secondary production of insects in three streams
stream. For instance, the role of gathering-col-  located in the cold desert physiographic prov-
lector invertebrates was underestimated by bio-  ince of southeastern Washington, We emphasize
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TasLi 1. Physical and chemical characteristics of study reaches in Douglas Creek, Snively Springs, and Rattlesnake

Springs, July 1985 to June 1986,

Average Average Average
width depth dl&-LhﬂI'g{* Dissolved O3
Strearn {m) () (rn/s) {(mg/L)
Douglas Creek 4.0 .31 (.6 0.6-14
Snively Springs 1.3 0.10 0.04 8.6-12
Rattlesnake Springs 1.7 0.05 0.05 8.2-10

TasLL 2. Percent substratnm types in study reaches of Douglas Creek, Snively Springs, and Rattlesnake Springs, july

1985 to June 1986,

Substratum type

Boulder Cobble Pebble Gravel Sand/silt
Strearn (=256 mm) (64—225 mm) (16-64 mm) (2—16 mm) (<2 mm]j
Douglas Creek 21 29 2.4 16 10
Snively Springs 7 a0 25 11 37
Rattlesnake Springs { 1 7 11 81

that the estimates published here are, in several
cases, based on assumptions that we have
explained (see Methods). Given the choices to
which we could devote the available resources,
we chose to produce an estimate of total insect
production in these spring-streams rather than
detailed data on a few taxa. We hope future
studies will provide data on growth, CPIs, etc.,
for all taxa in these spring-streams which we can
then use to refine the initial estimates presented
here.

STUDY SITES

This shrub-steppe region is characterized by
a climax community consisting of big sage (Arte-
misia tridentata) and bluebunch wheatgrass
(Agropyron spicatum). Mean annual precipita-
tion in the area is about 14 cm. The study
streams were Douglas Creek (IDC), Snively
Springs (SS), and Rattlesnake Springs (RS) (Fig,
1). The average width, depth, discharge, and
dissolved oxygen concentration for each study
reach are shown in Table 1, and the substratum
composition is given in Table 2. Figure 2 shows
the daily and seasonal temperature ranges.

Douglas Creek

DC is a spring-fed stream located in Douglas
County, Washington, It is the largest of the three
streams %tudn;d the stream itself draining an
area of 530 km?. Our study sites were located in

the upper reaches where flow is permanent and
not affected by irrigation withdrawal. Riparian
vegetation is dominated by water birch (Betula
occidentalis) and peachleat willow (Salix

amygdaloides).
Snively Springs

SS is a small spring-stream located on the U S,
Department of Energy’s Hanford Site, Wash-
Ington. It drains an area of approximately 40
km?Z. The lower reaches of the spring-stream dry
up during the summer, leaving about 3.6 km of
perennial flow {Cushing 1988). Riparian vege-
tation is dominated by cattails (Typha latifolia)
along the upper and lower reaches, and willow
(Salix sp.) and wild rose (Rosa sp.) along the
mid-reaches, where it flows through a canyon.
Watercress (Nasturtium officinale = Rorippa
nasturtium-aquaticum)  grows  extensively
within the spring-stream.

Rattlesnake Springs

RS is a small spring-stream also located on thr?
Hanford Site. It drains an area of 350 km?
(Cushing et al. 1980). Portions of the lower

reaches dry up during the summer, leaving

about 2.5 km of perennial flow. Mean annual
total alkalinity (as CaCOg3) is 127 ppm, and the
spring-stream is subject to periodic severe
spates in winter (Cushing and Wolf 1982, Cush-
ing and Gaines 1989). Riparian vegetation is
dominated by peachleat willow and cattails.
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Fig, 1. Study reaches: A, Douglas Creek; B, Snively Springs; C, Rattlesnake Springs.
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Fig. 2. Annual water temperature regimes: Douglas Creek, Snively Springs, and Rattlesnake Springs, july 1985 to june 1986.

METHODS

Watercress is presently the dominant in-stream
autotroph, although periphyton primary pro-
duction exceeded that of watercress in 1969--70
(Cushing and Wolf 1984).

We sampled segments of each stream repre-
senting the various habitats that were present,
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One study reach was sampled in 5SS and one in
RS, and three reaches were sampled in the
larger DC. Samples were taken to calculate an
average standing stock for each stream to be
used to calculate production estimates. The
sampling scheme was not designed to allow
intrastream comparisons of production esti-
mates between different habitats, but rather to
provide representative production estimates of
the entire stream.

Samples were collected monthly from July
1985 through June 1986. We collected three
samples during each visit. A Pc:-rtable Inverte-
brate Box Sampler (PIBS) (0.1 m> , mesh size
350 pm) was used in DC. A Surber sampler
(0.09 m", mesh size 350 pm) was used in SS and
RS because these spring-streams are too shal-
low for a PIBS. Samples were taken to a depth
of 10 cm and preserved in 70% ethyl alcohol.

Insects were separated from organic debuis by
sugar flotation (Anderson 1959) and sorted by
taxa. Insects were identified to the lowest taxo-
nomic level possible and counted, and body
length was measured to the nearest 1 mim using
a microscope and ocular micrometer. The tro-
phic status of each taxon was determined by
examining gut contents (Gaines et al. 1989) or
by reference to Merritt and Cummins (1984).
Biomass was determined as dry weight (DW)
for all size classes after drying at 60 C for 24 h
and weighing to the nearest 0.1 mg,

The Size-Frequency (SF) method (Hynes and
Coleman 1968, Hamilton 1969, Hynes 1980,
Waters and Hokenstrom 1980} was used to
estimate secondary production of the most
common taxa. An average SF distribution was
determined from monthly sample sets; these
represented the survivorship curve of an “aver-
age cohort” (Hamilton 1969, Benke and Waide
1977); “zero” values were included when calcu-
lating densities. Production was estimated by
calculating the loss between successive size

classes and then multiplying the loss by the
number of size classes using the equation given

by Hamilton (1969). Production estimates were
refined by multiplying by 365/CP1 {Cohort Pro-
duction Interval; Benke 1979).

We found that conducting growth studies for
all taxa present within each of the streams was
not practicable. To establish reasonable esti-
mates of larval development times and CP1s, we
followed the example of Benke et al. (1984),
who used available life-history data and tield
data to estimate CPIs. We used three major
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sources of information to estimate CPIs for each
taxon in our study streams. First, we surveyed
the available life-history data gathered from lit-
erature reviews and extrapolated the results to
apply to our situations. Second, we made field
observations to determine presence/absence of
taxa and collected size-frequency intormation
{or each taxon to estimate larval development
times and CPlIs. Lastly, we conducted in situ
orowth studies for Baetis sp., Cheumatopsyche
sp., and Simulium sp. to allow further refine-
ment of our CPI estimates. These growth stud-
ies involved placing insects within growth
chambers in RS. Chambers were constructed
with mesh netting on each end to allow water
and food material to pass through. Measure-
ments were taken and develﬂpment times
recorded to estimate CPls. Using the combina-
tion of all these data sources, we feel confident
that our CPI estimates are reasonable approxi-
mations.

Production/Biomass (P/B) ratios (Waters

1977) were used to estimate secondary produc-

tion for less-abundant taxa. These P/B ratios
were either taxon-specific values derived from
the study streams or an assumed cohort P/B
value of 5 {Waters 1977, Benke et al. 1984).
These taxa were not present in sufficient num-
bers to provide an accurate SF distribution
curve that is necessary to compute SF produc-
tion estimates.

RESULTS

Production calculations for DC, S§, and RS
are given in Tables 3, 4, and 5, respectively. The
following text describes some ot the assump-
tions we used in our calculations, data support-
ing these assumptions, and other information
relevant to the production calculations. All pro-
duction estimates, unless noted otherwise, are
given in units of mg DW-m'Q-yr'l*

Douglas Creek

EPHEMEROPTERA —Mayllies typically exhibit
widely varied larval development times (Clif-
ford 1982). Clifford (1982) examined life-cycle
data of 85 species of Heptageniidae and found
that >90% had at least one univoltine cycle.
Field data for Baetis sp. in DC provided little
clarification of the CPI. Based upon field data
of Baetis sp. from RS and SS, and a growth study
in RS, we estimated a CPI of 60 d. Similar

temperature regimes in DC and RS support this
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Tasir 3. Annual production of insects in Douglas Creek, July 1985 to june 1956,

Annual
Caleulation B pmductmn Annual
365/CPF' method N/m® SE CV {mgDW/m® SE CV (mgDWm®)  P/B
Ephemeroptera
Bactis sp. (ge, D) 6° SFC 2416 041 924  263.7 041 919 8320 31.5
waafe;atuphfﬁbm sp. {ge, D} 1° ST 225 035 7T8.5 48.1 0.38 854 249 52
Leucrocuta sp. (g, ) 17 SF 160 047 1040 51.4 051 104.0 235 4.6
Tricorythodes sp. (ge, D) g PBd 6 080 1592 1.7 (.67 151.0 77 45.0e
TOTAL 2807 364.9 884
Odonata
Arpia tibialis (p, C) | PB 3¢ 046 1039 8.9 049 1103 44 5.0"
Plecoptera
Isaperla sp. (p, C) 1 SF 77 058 1294 42.8 058 1136 183 4.3
Trichoptera
Hydropsyche sp. {fc, D) | SF 445 057 1271 4135 0.65 1458 1700 4.1
Cheumatopsyche sp. (le, D) 2+7° SF 156 053 118.3 84.1 0.60 135.0 818 9.7
Leucotrichia pictipes (g, HY 1+ SE G5 063 1397 7.7 0.68 1532 32 4.9
TOTAL 696 505.3 2550
Coleoptera
Optioservus sp. (g, 1) L+ SF 4322 037 K835 6067 0.36 800 2160 3.6
Diptera
Chironomaes sp. {g{:j D) 15° PB 753 071 1523 60.7 .69 1538 492() 81.1?
Strutitem sp. (fc, D} 12° PB 4] 075 1686 31.2 0.7¢2 136.1 1680 54.0
Parametriocnemaus sp. (ge, D} 15° SE 196 044 980 10.4 0.46 1019 8§75 54,1
Chactocladius sp. (ge, D) 15° SF 115 057 1278 3.5 066 1294 426 121.7
Heleniella sp. {ge, D) 15° SF 141 0.52 1164 4.5 054 1165 423 54.0
Tipulidae (s, 1) 1° PB 37 037 825 82.1 0.48 1031 411 5.0°
Phaenospectra sp. (¢, H) G° FB 60 0.07 155 4.9 007 150 221 45.0°
Polypedifum sp. (s, H) 148° SF 33 069 1545 2.9 0.78 129.1 161 73.1
Tabanidae {(p, C) 1° PB 51 048 106.6 27.8 0.48 107.5 130 5. U'f
Thienemanniryia sp. (p, C)  15° B 11 081 1805 0.9 083 1854 75 53.6
Brillia flavifrons (s, D} 15° FB 12 025 550 0.9 026 574 68 75.0°
Empididae (p, C) 15 PB 1 022 B50.0 0.1 0.18 40.0 8 75.0°
TOTAL 1451 229.2 4358
Grann TOTAL 93K83 1757.8 23219

Wonree of P nsed: © = devved from grmﬁdh studies: + = Beld dwta and SF distrdbations: o = litergbine: - =

other sonrces were not avalalle),
h

"SI = production caleulated by the Size -Frequency method.

e = pmﬂnr_tmn citleubided |:n}r an assined R ratio.

"Agsumexl cohort PA3 of 3,

'Assimud annual 1R is the sume as derived Ly SE for this taxon in one of the other study streams.

« = shreddern, go = gathe !mf_;u:.]]n: ctor fo = hltering-calleclor; ¥ = grazerserapen p = pradator; [T = herbivore;, D = tdetntivore: = carnivore,

brased npon CPI for siinilur cited insects {used when

estimate. Paraleptophlebia sp. is generally uni-
voltine, having either summer or winter cycles
(Clifford 1982). In DC, however, seasonal cycles
could not be distinguished. Paraleptophlebia
were present in DC throughout the study year,
and we assumed a CPI of 1 yr. Because of low
numbers of Tricorythodes sp., field data pro-
vided little indication ot thelr CPI McCullough
et al. (1979) reported a 34-d larval development
time for T. minutus grown in the field at 18 C;
therefore, we estimated a CPI of 40 d for
Tricorythodes sp. because of lower stream tem-
peratures in DC,

ODONATA —The dawseltly Argia tibialis is
univoltine,

PLECOPTERA.—A CPl estimate tor Isoperia sp.

could not be made from field data. Several stud-
ies (Mackay 1969, Harper 1973, Barton 1980)
of Isoperla sp. showed seasonal variation in growth
rate, but generally their development time was
about 1 yr. Therefore, we assumed a CPI of 1 yr.

TRICHOPTERA —Leucotrichia pictipes was
univoltine, and as SF distributions and field data
indicated, the larvae overwintered as late instars
and emerged in spring. This observation is sup-
ported by studies on L. pictipes in Owl Creek,
Montana (McAuliffe 1952).

COLEOPTERA —An accurate CPI estimate for
the riffle beetle Optioservus sp. was ditficult to
estimate because few data are available con-
cerning their development times. We thus
assumed a CPI ot 1 yr.
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TABLE 4. Annual production of insects from Snively Springs, July 1985 to June 1986.

Annual

Caleulation B production  Annual
365/CPI* method N/m” SE CV (mg DW/m?) SE CV (mg DW/m?  P/B
Ephemeroptera
Baetis sp. (gc, D) 6*°  SFc 1388 062 1047 1854 055 963 7010 37.8
Pﬂ?‘fdﬁpfﬂphfﬁbiﬂ Sp. (ge, D) 1’ SF B34 027 475 153 0.25 482 67 4.3
ToTAL 1442 200.9 TO7T
Odonata
Argia tibialis (p, C) 1t pe! 92 061 1066 278 068 1186 139 5.0°
Trichoptera
Cheumatopsyche sp. (fe, D} 2™ SF 433 041 83.0 2009 0.51 86.9 1300 6.5
Diptera
Simulium sp. (fc, D) 12+ ° SF 276 0.70 121.3 34.3 0.82 142.6 1880 54.3
Chironomus sp. (gc, D) 15° SF 412 054 932 17.1 058 998 1380 81.1
Tipulidﬂe (s, D) 1° B 25 060 103.83 2192 050 874 1100 2.Ue
Helenielle sp. (g, D) 15° SF 381 040 68.2 3.2 037 647 550 60.3
P{nypedﬂum s (s, H} 18° SE 123 05 96.2 3.2 0.5Z2 891 2924} 68.6
Chastocladius sp. (gc, ) 15° Sk 92 063 1083 2.7 0.69 1202 210 77.8
Dixidae (g, D) 15 FB 21 055 859 1.3 .65 111.5 98 75.0°
Thienemannimyjia sp. (p, C) 15° PB 18 0492 723 1.1 0.33 573 92 83.6'
Tabanidae (p, C) 1° PR 52 047 815 10.5 050 864 53 5.0°
Empididae (p, C) 15 FB 4 015 26.6 0.6 0,12  32.] 45 75.0°
TOTAL 1404 299.2 5638
GRAND TOTAL 3301 728.8 14,154

Bource of CPI used: © = derived from growth studies; + = Beld data and SF distributions; o = literaltire; - = bused wpon CPI for similay cited insecty {ised when

other sources were not availahle},

by < shredder; ge = guthmi11g-:,;¢:|1'rectm'; fe: = ﬁlteriﬂg—mﬂeutm'; g = grazerfsoraper; 1 = herbivore: DD = detritivore: C = camivore,

‘SF = production calenlated by the Size- Frequency method.
PR = I:rm-:fucfifm caleutated by an assumed F/B ratio.
“Assumed cobort P53 of 5.

'Assimed anmial P/ s the same as devived by SF for this taxon in one of the other study streams.

DIPTERA.—Simulium sp. were not present in
sufficient numbers in DC to calculate an SF
production estimate. The P/B ratio was calcu-
lated by averaging the P/B ratios obtained for
Simulium sp. in SS and RS by the SF method.
Accurate CPI estimates for Chironomidae
could not be obtained from field observations or

SF distribution. Therefore, we derived CPI esti-
mates, as did Benke et al. (1984), and used
growth data from Mackey (1977). Mackey
(1977) reported larval development times of 21
d for Chironomus sp., 13 d for Polypedilum
convictum, and 36 d for Phaenospectra flavipes
at 15 C. CPIs were compensated for slightly
lower average temperatures in DC (13 C) and
environmental stress (e.g., food availability,
competition, etc.). These P/B ratios seem high
but are comparable to other data where short
CPIs were used to estimate P/B ratios (Benke et
al. 1984, Jackson and Fisher 1986). Tabanidae
and Tipulidae were assumed to be univoltine
with a development time of 1 yr (Krueger and
Cook 1984). This is consistent with the estimate
of a 1-yr development time for Tabanus dorsifer
in Sycamore Creek, Arizona {(Gray 1981).

Empididae grew to a maximum size similar to
many of the midges; therefore, a CPI of 25 d was
used.

Snively Springs

ErHEMEROPTERA.—Gray (1981) reported a
larval development time of 20 d for Baetis
quz'lleri i1 Sycamore Creek, Arizona. Because of
lower stream temperatures, however, Baetis sp.
developed more slowly in all streams in this
study. We assumed a CPL1of 60 d. Paraleptophle-
bia sp. was present only during the summer;
thus, we used only suminer data to calculate
production because annual P was essentially
equal to summer P,

ODONATA.—Argia tibialis was not present in

sufficient numbers to make an SF production
estimate,

TRICHOPTERA —Field data and SF data indi-
cated a bivoltine life cycle and a CPI of 6 mo for
Cheumatopsyche sp., the only caddistly in SS.

DipTERA —Becker (1973) reported a larval
development time of 13 d for S. vittatum grown
in the laboratory at 17 C. A 30-d CPI was esti-

mated mnsidering lower stream tempemtures
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TasLE 5. Annual production of insects irom Rattlesnake Springs, July 1985 to June 1986,

Annual
Calculation B production  Annual
365/CPI* method N/m® SE CV (mgDW/m”) SE  CV (mgDW/m2) P/B
Ephemeroptera
Baetis sp. (ge, D)h 5 R SFe 1336 0.61 107.2 47.3 0.58 104.0 2540 53.8
Tricorythodes sp. (ge, D) g° PR 1 005 B3 0.3 0.07 12.2 14 45.0°
ToTAL 1337 47.6 2504
Odonata
Arpia tibicalis (p, C) 17 I’B 67 072 124} 74.3 0.78 1349 372 5.0°
Trichoptera
Cheumatopsyche sp. (e, D) 207 SF 140 0.69 1189 48.6 0,78 1345 486 10,0
Parapsyche sp. (fc¢, D) ]- PB 10 024 417 26.8 0.25 434 134 5.0°
Limnephilus sp. (s, D) I PB hd 045 T6.9 220 0.35 6.3 115 5.0°
ToTAL 202 97.4 T35
Coleoptera
Hyelaticus sp. (p, C) 1 PB 4 050 874 1.2 0.35 60.1 6 5.0°
Hydrophilidae (p, C) 1 PB 1 027 4786 0.3 0.25 431 2 5.0°
TOTAL 5 5
Diptera
Simudium sp. (fe, D) 12" §F 1777 073 1258  212.3 0.73 1275 11,180 52.6
Chironomus sp. (ge, D) 15° SF 192 0,50 8§7.3 7.0 .58 100.8 489 69.9
Heleniella sp. (ge, D) 15° SF 352 051 890 5.4 0.51 &84 480 88.9
Thienemannimyia sp. {p, C) 15° SF 114 055 949 3.3 055 952 279 83.6
Tabanidae (p, C} 1° PB 34 051 856 159 064 111.0 80 5.0e
Misc. Chironomidae (ge, D) 15° PB 1§ .25 50.1 0.8 038 663 60 75.0°
Polypedilum sp. (s, H) 18° PB 13 062 1082 06 046 789 41 68.6
Chaetocladius sp. (ge, D) 15° SF 59 073 1264 {).4 056 977 30 75.0
Empididae (p, C) 15 PB 8§ 039 683 0.4 023 398 30 75.0°
Tipulidae (s, D) 1° PB 3 021 359 2.0 0.26 443 10 5.0°
Dixidae {ge, 1) 15 PB 2 028 64.7 0.1 029 500 5 75.0°
ToTAL 2572 248 2 12,687
GRAND TOTAL 4183 4G9 .0 16,3506
“Sonrce of CPT used: ° = derfved from growth studies; + = field data and SF distributions; o = literature; - = based upon CPL for similu cited Insects {nsed when

other sources were not wailable),

"s = shredder: ge = gathering-collector; {e = filtering-collector; g = grazer/scraper, p = predator; 11 = herbivore: P = detritivore; O = camivore,

“G1 = production calenlated Dy the Size-Frequency method,
o o l]ITJEIIIE[jE]Ii culenlated !}}-‘ an assnmed X8 ratio.
"Assined colinrt PPB of 5.

Fassnmed anual PAR is the saame us devived h}f SE for this taxon in one of the other Sl’lld}f sEreutins,

and environmental stress. CPIs of Chironom-
idae in SS were estimated as they were in DC.
We used Gray’s (1981) estimate of a 1-yr CPI
and univoltinism for Tabanidae and Tipulidae.
Dixidue and Empididae reached maximum
sizes similar to many of the midges, and a CPI
of 25 d was assumed.

Rattlesnake Springs

EPHEMEROPTERA—We  isolated several
Baetis sp. larvae in growth chambers in RS to
estimate larval development time. These data
and field data indicated a CPI of 60 d.
Tricorythodes sp. were not present in sutticient
numbers for an SF production estimate.

ODONATA. —Field data for Argia tibialis indi-
cated a CPl of 1 yr.

TRICHOPTERA—We isolated several Cheumato-
psyche sp. larvae in growth chambers in RS to
estimate larval development time. These data
indicated a bivoltine life cycle and a CPI of 6
mo. Because of low densities, field data gave no
indication ol the CPIs ot Limnephilus sp. or
Parapsyche sp.

COLEOPTERA.—VField data provided little
indication of the CPIs of beetles because of low
numbers.

DIiPTERA—Several Simulium sp. larvae were
isolated in growth chambers in RS to estimate
larval development time. As in SS, we used
Gray’s (1981) estimate of a 1-yr CPI and uni-
voltinism for Tabanidae and Tipulidae. Dixidae
and Empididae grew to maximum sizes similar
to many of the midges, and CPIs of 25 d were

assumed.
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TaBLE 6. Annual production (P, mg DW. m Z-yr-1) and percent production of insect functional groups in Douglas Creek,
Snively Springs, and Rattlesnake Springs, July 1985 to June 1686.

Dougtlas Creek Snively Springs Rattlesnake Springs

Functional

group P P P % P Yo
Grazer/scraper 2601 11.4 0 0.0 0 0.0
Collector

Gatherer 15,282 65.8 3332 65.9 3621 22.2

Filterer 4198 18.1 3177 29.5 11,800 72.1

(Total) (19,480) (83.9) (12.509) (88.4) {15,421) (94.3)
Shredder 639 2.8 1316 9.3 166 1.0
Predator 449 1.8 329 2.3 769 4.7

GRAND TOTAL 23,219 100.0 14,154 100.0 16,356 100.0

TABLE 7. Annual pmductinn (P, mg DW-mn™2

yr-1) and percent production of insect trophic levels in Douglas Creek,

Snively Springs, and Rattlesnake Springs, July 1985 to June 1986.

Dnuglas Creek Snively Springs Rattlesnake Springs

Trophic

level P T P % P o
Herbivore 2812 12.1 294 1.6 4] (.3
Detritivore 19,967 86.0 13,605 96.1 15,546 95.0
Carnivore 440 1.9 329 2.3 769 4.7

ToTaL 23.219 100.0 14,154 100.0 16,356 100.0

Functional Group Production DISCUSSION

Production by collectors was greatest of all func-
tional groups in all study streams. Collector, L pro-
duction was highest in DC, 195 gm’ yr
accounting for 83.9% of the total annual pmduf:-
tion of insects. In SS and RS, collector production
was 12.5gand 15.4 g, representing 88.4 and 94.3%
of the total annual production, respectively. The
annual production of all functional groups in each
study stream is shown in Table 6.

Trophic Level Production

Herbivores and detritivores are both second-
ary producers at the same trophic level; carni-
vores are tertiary producers. For this discussion,
we address them separately. Detritivore pro-
duction was greatest of all trophic levels in each
study streant. In DCidetntwﬂre production was
about 20.0 g-m “-yr , accounting for 86.0% ot
the total annual insect pmducti{m. InSS and RS,
detritivore production was 13.6 g and 155 g,
representing 96.1 and 95.0% of the total annual
insect production. Herbivores contributed
12.1% of the productivity in DC, but no other
trophic level in any of the three streams was an
important contributor to secondary production.
The annua! production of all trophic levels in
each stream is given in Table 7.

Interstream Comparisons

DC was clearly the most productive of the
three streams studied (Table 6), and this is prob-
ably related to the variety of substratum (Table
2} and resulting increase in microhabitat diver-
sity. Minshall (1984) thoroughly reviewed the
importance of substratum heterogeneity and its
influence on insect abundance and distribution.
SS and BS were similar in size and had similar
total productivity estimates (Table 6), although
important differences existed among the biotic
components.

In terms of functional group productivity, col-
lectors dominated in each of the streams. Gath-
erers were more important in DC and SS, and
filterers in RS. The greater filterer/gatherer
ratio in RS is probably related to the shifting
nature of the sandy substratum (Table 2) and
resulting absence of areas for detritus to collect
and be harvested. The filtering simuliids
occurred on the abundant watercress plants.
The scarcity of solid substratum for periphyton
development in RS also explains the absence of
grazers in this stream. However, substratum
composition does not explain a lack of grazers in
5SS, where solid substratum is present (Table 2).
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In SS, the dense riparian canopy almost com-
pletely shaded and obscured the stream. This
probably prevented the development of a sub-
stantial periphytic food base for grazers. In DC,
which had hoth solid substratum and unshaded
stream bottom, a significant grazer community
was present (Table 6).

Comparing the productivity of taxa common
to all three streams shows some differences that
are difficult to explain {Table 8). For example,
Simulium sp. production was similar in DC and
SS, but was an order of magnitude greaterin RS,
This may indicate a richer source of suspended
food in RS; however, comparative measure-
ments of this resource were not made. Cushing
and Wolf (1982) report a value of 1513
K{:ﬂ]-m'z-yr'l of suspended POM in RS, but
comparable data arc not available for DC and
SS. This value is much less than that reported
by Minshall (1978) for Deep Creek, asmall, cold
desert stream in southeastern Idaho. Since
Sirmulium sp. production far exceeded that of
any other insect in RS (Table 5), competitive
exclusion (Hemphill and Cooper 1983) may
make it more successtul in competing tor the
limited attachment sites. Cheumatopsyche sp.
and Parapsyche sp., two filtering Trichopterain
RS, had a comhined production of 620 mg as
compared with Simulium sp. production of
>11,000 mg. This is a 20-fold difterence for
organisms of the same functional group. Except
for Simaudium sp., dipteran production was high-
est in DC for Chironomus sp. and Tabanidae,
while in SS, production of Polypedilum sp. and
Tipulidae was highest. Tipulidae production
increased by an order of magnitaude from RS to
DC to SS. This may be related to the relatively
high amounts ot particulate organic matter
(POM) found in the study section of SS (Cush-
ing 1988). Production of Baetis sp. is three to
four times lower in RS than in the other two
streams {Table 8).

A likely explanation for some of the ditter-
ences shown in Table 8 is the winter spates that
occur in RS, but not in 8S or DC. These spates,
described by Cushing and Gaines (1989), scour
the entire streambed, tlushing out accinmulated
POM and much of the fauna. They occur about
every three years and act as a “reset” mecha-
nism. Because they occur in winter when there
are nio ovipositing adults, and because they
scour and eliminate sources tor both upstream
migration and downstream drift, they must
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TasLe 8. Comparative annual production (mg DW- - yr-
1) of taxa common to Douglas Creek, Snively Springs, and
Rattlesnake Springs, July 1985 to June 1986.

Douglas ~ Snively Rattlesnake

Taxon Creck  Springs Springs
Ephemeroptera

Baetis sp. 8317 7012 2549,
Odonata

Argia tibialis 44 139 372
Trichoptera

Cheurmnatopsyche sp. 818 1208 486
Diptera :

Simulium sp. 1680 1879 11,175

Chironomus SP. 49920) 1356 4589

Polypedifum sp. 161 220 4]

Tabhanidac 130 53 50)

Tipulidae 411 1096 10

severely limit the potential productivity of RS.
It is notable that the dominant secondary pro-
ducers in RS are the black flies, organisms that
are found in abundance soon after discharge

diminishes (Cushing and Gaines 1989).

Intrastream C{Jmpar'imns

DOUGLAS CREEK —Secondary production in
DC was spread over a wider variety of tunctional
groups (Table 6) and trophic levels (Table 7),
even though it was dominated by detritus-feed-
ing collector-gatherers. Chironomus sp. and
Baetis sp. were the dominant secondary produc-
ers in the stream.

SNIVELY SPRINGS.—In SS, about 50% of the
secondary production was due to Baetis sp., a
detritus-feeding collector-gatherer; and, as
mentioned above, the grazing component was
absent. Total dipteran production was of the
same order of magnitude as that for Baetis sp.
but was spread out among several organisms,
notably Simulium sp., Chironomus sp., and
Tipulidae (Table 4).

RATTLESNAKE SPRINGS.—Secondary pro-
duction in RS was less diverse than in the other
study streams, with over 68% ot the production
due to the filtering detritivore Simulium sp. The
second highest producer was Baetis sp., but
production was far lower than the black flies
(Table 5). The high production of simuliids in
RS can be attributed to the presence of multiple
cohorts with short development times. Gray
(1981) suggested that rapid development may

be advantﬂgenus in streams suhjeﬂt to spates.




1992]

TasLE 9. Comparative whole stream secondary production of insects (

INSECT PRODUCTIVITY IN SPRING-STREAMS 21

P g DW*m'E-yr-l},, except as indicated, in five

geoclimatic regions. Streams grouped by geographical region, not by temperature regimes.

Stream | 3 g Fe Ce  Grfse Pred Source
Cold/mesic
Unnamed, Quebec 5.8" Harper 1978
Factory Br., Maine 12.2 Neves 1979
Sand R., Alberta 0.8" Soluk 1985
Caribou R., Minnesota 3504 083 062 136 014 0.5% Krueger and Waters 1983
Blackhoof R., Minnesota 7.13 100 853 115 037 108  Krueger and Waters 1983
No, Branch Cr., Minnesota 13.23 073 533 943 100 207  Krueger and Waters 1983
Fort R., Massachusetts 3.3 Fisher 1977
Bear Br., Massachusetts 4.8 Fisher and Likens 1973
L' Ance du Nord, France 12,5 (Total detritivore P = P — Pred.) 2.0 Maslin and Pattee 1981
Bisballe baek, Denmark 26.7 1.3 Mortensen and Simonsen 1983
Humid/mesic
Satilla R, Georgia 25.2 2.9 18,0 43  Benke etal 1984
Snag substrate® 64.8 49.3 8.1 7.5
Sandy substrate® 21.0 0 179 3.1
Mud substrate® 17.9 0.2 8.6 9.2
Cedar R., So. Carolina 3.0 01 1.0 1.3 002 08 Smock et al. 1985
Lower Shope Fk., No. Carolina i.4 Georgian and Wallace 1983
Upper Ball Cr., No, Carolina Huryn and Wallace 1987
Bedrock-outcrop 6.1 06 21 21 06 07
Ritfle 5.0 1.4 (3.3 1.8 1.0 1.1
Pool 7.6 2.4 003 3.0 0.3 1.9
Hot desert
Sycamore Cr., Arizona 120.9 Jackson and Fisher 1986
New Zealand
Hinan R. 38.2 Hopkins 1976
Horokiwi R. 41.5 Hopkins 1976
Cold desert
Deep Cr,, Sta. 1, Idaho 1.2 Minshall et al. 1973

Douglas Cr., Washington
Snively Spr., Washington
Rattlesnake Spr., Washington

232 06 42
142 13 3.2
164 02 36

153 27 04
8.3
11.8

This study
0.3 This study
0.8 This studly

Lo e

8 = shredder; Fe = fltering-collector; Go = wathering-collector; Grise = gravevseraper; Pred = predators.

"Emergers only.

()nl}r twas species of chironomids,

Fxpre,asc,r;l per unit arex of total stream bottom.
“Expressed per imit area of habikat.

Comparisons with Other Streams

Annual P/B ratios ranged from 3.6 to 121.7 for
insects from the study streams. The high annual
P/B ratios are attributed to insects with rapid
development and multiple cohorts (e.g., many
Chironomidae). The annual P/B ratios found in
these cold desert spring-streams are generally
lower than those reported by Jackson and Fisher
(1986) for Sonoran Desert stream insects and by
Benke et al. (1984 ) for southeastern blackwater
stream insects. The Sonoran and blackwater
streams are warmer and insect development is
faster, resulting in a greater number of cohorts.
Our annual P/B ratios were generally higher
than reported for northern temperate streams
(Krueger and Waters 1983), where cooler
streams result in insect development at slower
rates with fewer cohorts.

Total insect production rates m this study
ranged from 14 to 23 g DWm’ yrl and are
compared with values for other streams
grouped by geographical region (Table 9). Pro-
duction rates in cold desert streams are well
below the higher values found in New Zealand
streams, the richer areas (snags) of humid/mesic
streams in the southeastern United States, and
Sonoran hot desert streams. However, prmduc-
tion rates in cold desert streams are higher than
those in streams in cold/mesic areas of the
United States. These rankings relate to the
interaction among stream water temperature,
insect development, cohort production inter-
vals, and other factors. However, it should be
kept in mind that other factors, e.g., geochem-
istry, may be influential in governing prﬂductmn
as well as temperature. Production values in
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Rattlesnake Springs, which has a sandy substra-
tum, are comparable to the sandy areas of the
Satilla River in Georgia (164 vs 13.1
DW-m'z-yr" , respectively); production of col-
lector-gatherers was identical.

Benke et al. (1984 ) stated that measurement
of secondary productivity of benthic organisms
provides a truer indication of their importance
in lotic ecosystems than does measurement of
either density or biomass. This is intuitively
reasonable since measurement of P a rate,
includes consideration of both biomass and den-
sity. Our results support the validity of Benke et
al.s (1984) contention. Clearly, our data reveal
that collectors are the dominant functional
group, and detritivores the dominant trophic
level in terms of the secondary productivity ot
insccts in these three streams (Tables 6 and 7).
If only biomass or density data are evaluated
from these streams (Tables 3, 4, and 5; Gaines
et al. 1989), anomalies become evident. Density
data in DC reveal that herbivores are equally as
numerous as detritivores, but biomass data
reveal that detritivores are about two times
greater than herbivores. Conversely, when the
insects are separated into functional groups, the
biomass of grazer/scrapers (herbivores) exceeds
that of collectors in DC by a factor of two.
Further, collector-filterers in DC represent
18% ot the production and 30% of the biomass,
but only 7% of the density. In SS, trophic level
comparisons reveal that detritivores dominate
production, biomass, and density, but it func-
tional groups are compared, biomass data would
overemphasize the importance of shredders
(30%), which form only 5% of the density and
9% of total production. In RS, the largest anom-
aly appears when comparing tunctional groups.
Although collector-filterers represent 72% of
the total production and 61% of the bhiomass,
their density is similar to the collector-gatherers.

In conclusion, we have found that taxa with short
development times and multiple cohorts, such as
midges and black flies, are important to cold
desert spring-stream production. Previous studies
have addressed the difficulties in obtaining accu-
rate field estimates of Simuliidae (black fly) and
Chironomidae (midge) larvae CPls, and thus pro-
duction estimates (Benke et al. 1984, Behmer and
Hawkins 1986, Stites and Benke 1989). Their
small size, rapid turnover rate, high density, and
diversity make accurate species-specific CPI esti-
mates difficult. These same characteristics, how-
ever, make midges and black flies very important
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to stream communities in terms of production.
In many streams, they contribute a large per-
centage of the total community production
because of their rapid development and high
turmover rates. We found high P/B ratios for
simuliids and chironomids, but other investiga-
tors have reported similar results (Fisher and
Gray 1983, Benke et al. 1984, Stites and Benke
1989). This life-history strategy is particularly
advantageous for insects inhabiting the streams
that are subjected to severe spates.

Detritus is the major food resource in these
small streams; collector-gatherers predominate
where there is more substratum diversity (DC
and SS), and filterers in systems more prone to
the eftects of spates (RS). Grazer/scrapers are
present whenever suitable substratum and suf-
ficient sunlight are available for development ot
a periphyton crop. Shredders, surprisingly, are
not well represented in these small headwater
streams. This may be related to the flushing of
the systems by the spates and/or the low
amounts of allochthonous detritus reaching the
streams (Cushing 1988). Secondary productiv-
ity of these cold desert spring-streams was less
than that of streams in hot deserts, but generally
higher than that in most cold/mesic and
humid/mesic  streams.  Finally, our results
underscore the contentions of Benke et al. (1984)
that measuring the secondary production of
insects in streams provides a better assessment of
their role than density or biomass, but the anom-
alies described above argue for care in applying
this generalization to all streams.
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