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Production of Corydalus cornutus (Megaloptera) in four
streams differing in size, flow, and temperature
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Abstract. Estimates of annual production for the predaceous aquatic insect Corydalus cornutus
(Megaloptera) revealed considerable variation among four Texas streams with similar water quality
characteristics but differing in size, flow, and temperature. Values of production varied from 1.62
g dry mass m~? yr~* to 13.19 g dry mass m~2 yr~'. This variation was largely due to differences in
growth and development which occurred as a result of differences in thermal regime. At three of
the streams, C. cornutus appeared to be univoltine with a cohort production interval (CPI) of 333
days. At a fourth site with higher summer temperatures, development from egg to mature larva
occurred in 6-7 months or less, leading to a CPI of 210 days and suggesting bivoltinism (not
previously reported for this group). Of the factors thought to control secondary production, in-
cluding habitat, temperature, food quality and quantity, and biological interactions, temperature
seems to be the most important. In addition, a direct relationship was found between production
and stream width. This effect could result from limited primary production in canopied, narrow
streams which might reduce prey species production and thus lower prey availability to C. cornutus.
Permanency of flow appeared not to strongly influence production because the highest production
was found in an intermittent stream. Our estimates of production for C. cornutus are among the
highest yet reported for a predaceous species and approach the values obtained for primary consumer
species in desert streams.
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Data on abundance and standing stock bio-
mass alone are inadequate to properly assess the
functional role of a species in a stream ecosys-
tem. A more effective analysis is possible when
these data are combined with life history in-
formation to estimate production, as production
is an important aspect of energy flow through
a population (Benke 1984). Thus, data on pro-
duction are important if we hope to gain insight
into the potential role of a species in energy and
nutrient processing. For a predaceous species,
production data are of obvious value in esti-
mating prey species production. Indeed the ma-
jor impetus for the development of most pro-
duction methodologies for freshwater benthic
invertebrates can be traced back to estimates of
food availability for salmonid fishes (Allen
1951). As improved methods for the determi-
nation of production have been developed, the
number of production studies has greatly in-
creased (Benke 1984). Yet, to date, only a few
studies have examined production of a single
species at several sites along the same stream
(e.g., Benke et al. 1984, Ross and Wallace 1980)
or for several streams (Krueger and Waters 1983).
As a result, there is little information available
on how the magnitude of production may vary
for a species at different locations.

In this study, we compare the annual pro-
duction of the predaceous aquatic insect Coryda-
lus cornutus L. (Megaloptera) in four Texas
streams differing in size, flow, and temperature
but similar in water chemistry. We selected C.
cornutus because it is the most conspicuous in-
vertebrate predator in these streams and be-
cause an earlier study on this species revealed
production values ranging from 5 to 25 g dry
mass m~? yr~* for five sites on the Guadalupe
River in Texas (Epperson 1985). Such values for
production are extremely high and are usually
associated with primary consumer species rath-
er than predators (Fisher and Gray 1983, Jack-
son and Fisher 1986). By studying the produc-
tion of a single species in four different streams,
we hope to assess differences in the magnitude
of production among streams as well as provide
insight into those factors other than water
chemistry that may be responsible for control-
ling production.

Study Sites

All four study sites are located in the Gua-
dalupe River drainage system in south-central
Texas (Fig. 1). This area has a predominantly
karst topography as limestone is the dominant
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FiG. 1. Locations of the study sites in south-central
Texas.

TABLE 1.
1982, Smith 1984).
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geological formation. As a result, both surface
streams and aquifers contain water with high
alkalinity and hardness (ca. 180 mg/L as CaCO,)
as well as near-neutral-to-alkaline pH (Hannan
and Broz 1976). Previous studies have shown
that water chemistry characteristics are similar
at all four sites (Table 1). The climate is sub-
tropical with short, cool winters and long, hot
summers. Annual precipitation is near 75 cm
but tends to occur as localized thunderstorms
of short duration.

As a consequence of the high temperatures,
annual evapotranspiration exceeds annual pre-
cipitation and surface streams tend to be inter-
mittent unless spring-fed. Thus permanency of
flow would seem to be an important factor in
influencing annual production by a stream
species in this region. To investigate this, one
of the study sites was the Blanco River, a stream
that is dependent on surface runoff as its source
and often becomes intermittent during summer
and early fall (Fig. 2). The Blanco River dried
up completely during the summer of 1984 and
began flowing in November 1984 about 10 weeks
before our first sampling but continued to flow
throughout the duration of the sampling with
considerable variation in discharge (Fig. 2).

Honey Creek, a stream similar in width to the
Blanco River during low flow, was also chosen
as a sampling site. Unlike the Blanco, Honey
Creek has a series of springs as its source which
maintain permanent flow in the stream chan-
nel. Although no continuous discharge data are
available for Honey Creek, its spring-fed nature
generally results in a relatively constant flow
near 0.1 m*/s except during thunderstorms when
spates do occur.

Characteristics of the four study sites. Data are taken from various sources (Guthrie 1985, Short

Characteristic Honey San Marcos Guadalupe Blanco
Stream width (m) 2-5 12-20 20-35 3-25
Canopy coverage Complete <20% Nil Nil
Dominant riparian species Taxodium Platanus Platanus Taxodium
Aquatic plants Sparse moss Hyadrilla None None
Substrata Rubble Rubble Rubble Rubble
Depth (cm) <25 10-150 20-35 <30
pH 7-8 7-8 7-8 7-8
Conductivity (umho/cm) 500 525 500 550
Phosphates (ortho) (ug/L) 15 20 18 22
Nitrates (mg/L) 0.8 1.1 0.7 0.9
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To provide contrasting conditions in a large
spring-fed stream, the San Marcos River was
also sampled. The San Marcos River arises from
a series of springs located within the city of San
Marcos and flows approximately 6 km to its
confluence with the Blanco River, from which
point the San Marcos River loses its spring-fed
characteristics. Discharge is generally constant
although a general increase in mean monthly
flow was noticed during the study as the levels
in the aquifer recovered from the low levels
associated with the drought year of 1984 (Fig.
2).

The fourth stream studied, the Guadalupe
River, was included as an example of a per-
manent stream fed by surface runoff. As the
major stream within the drainage basin, the
Guadalupe River flows over 700 km from its
source in the Hill Country region of Texas to
its confluence with the Gulf of Mexico. At the
sampling location, the Guadalupe River is a
fourth order stream. During the sampling pe-
riod several major spates occurred as a result of
heavy thunderstorms (Fig. 2).

Methods

Because of the important effect temperature
has on aquatic insect growth and development
(Sweeney 1984, Ward and Stanford 1982), at-
tempts were made to collect accurate tempera-
ture data on each stream. Continuously record-
ing temperature probes were placed at the
beginning of the study at the Blanco River, Gua-
dalupe River, and Honey Creek sites, but both
the Guadalupe River and Honey Creek probes
were lost during spates in February 1985. Min-
imum-maximum thermometers were also placed
at all sites and temperatures were measured with
ahand held thermometer on each sampling date.
Since the Blanco and Guadalupe Rivers were
similar in that they both derived their flow from
runoff, temperatures for the Guadalupe River
were estimated from the continuous tempera-
ture record obtained for the Blanco River by
correlating the temperatures measured on each
sampling date (y = 1.731 + 0.882x, r = 0.95). In
addition, a complete year of continuous tem-
perature data was available from 1983-1984 for
Honey Creek (Smith 1984).

Benthic samples were collected from riffle
areas at all four sites with a 0.1-m? modified
Hess sampler equipped with 150-um mesh. Eight
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FiG. 2. Discharge data for three of the study streams
during the period October 1984-February 1986. Open
squares show the minimum monthly discharge, dia-
monds the mean monthly discharge, and closed
squares the maximum monthly discharge. Data sup-
plied by United States Geological Survey, San An-
tonio, Texas.

samples were taken on each sampling date at
each site and preserved with 10% formalin in
the field. Attempts were made to sample ap-
proximately every 400-600 degree-days, which
was approximately monthly during the cooler
months (November through April) and at two
to three week intervals during the remainder
of the study. This schedule was disrupted some-
what by several periods of high water. Samples
were collected on 15-18 dates at each stream



