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ABSTRACT

Predation is often a key factor maintaining insect populations below pest status in annual
crops.  However, in many cases, the predators causing significant mortality to particular pests
in the field are not well understood.  In particular, the complex of nocturnally active preda-
tors feeding on pest species is usually unknown.

   The predator complexes attacking lepidopteran eggs in cotton, corn and soybean in
south Texas, U.S.A., were determined with the goal of characterizing diurnal and nocturnal
predator complexes, determining the role of nocturnal predators in lepidopteran pest mortal-
ity, and quantifying diel patterns of predation.  The evaluations reported here focused on the
predator complexes feeding on Helicoverpa zea (Boddie) and Spodopteran exigua (Hübner),
(Lepidoptera: Noctuidae).  This work has been conducted using direct observation to accu-
rately measure and identify predation of lepidopteran eggs while removing the bias towards
day-active predators.

Egg predation was typically high in all crops in all years, although it ranged from 25 to
99% in any 24 h period.  Nocturnal predation was a significant component of this mortality
in all crops.  The diurnal and nocturnal predator complexes observed feeding on eggs differed
between crops. The relative importance of nocturnal predation varied among dates, but on
average was similar to diurnal predation in cotton, corn and soybean in 2002 and soybean in
2003.  Mortality due to nocturnal predation was >50% higher than diurnal predation in cot-
ton in 2003.  Predators observed feeding at night constituted nearly 72% of all observations in
south Texas cotton, 52% in corn and 49% in soybean.  Nocturnal predators of particular
importance included a group of cursorial spiders responsible for nearly 25% of all observa-
tions of predation in cotton as well as the formicids (primarily Solenopsis invicta Buren)  Of
the four spider species most frequently observed feeding on eggs, only one had previously
been reported as an important predator in agricultural settings (Cheiracanthium inclusum
[Hentz]).  Few predators were commonly active during both day and night.  Nocturnal ob-
servations revealed both predators that were previously suspected to be important mortality
factors as well as those that had not been perceived to be important (e.g., cursorial spiders).
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In summary, nocturnal predation was significant in all crops and was usually similar to
diurnal predation in relative impact.  However, the predators causing mortality were differ-
ent between day and night with little overlap of dominant predator species.  It is likely that
there are nocturnally active predators in many crops that are important yet are not perceived
as such.  Whether nocturnal predation is important in all crops and in all environments is
unknown, however these studies demonstrate that there is much to be learned from the study
of nocturnal predation.  Future research on predation as a component of biological control
should incorporate studies of nocturnally active predators.

INTRODUCTION

Predation is often a key factor maintaining populations of lepidopteran pests at a level that
prevents injury to annual crops.  Studies in cotton (Nuessly and Sterling 1994; Pfannenstiel
2004; Sansone and Smith 2001) and soybean (Anderson and Yeargan 1998) and soybean and
corn (Pfannenstiel and Yeargan 2002) have demonstrated that predation on lepidopteran eggs
can be consistently high.  Studies have attempted to identify predators of Lepidoptera using a
variety of techniques, including visual observation (e.g., Whitcomb and Bell 1964), autorad-
iography (e.g., McCarty et al. 1980) and molecular techniques (e.g., Ruberson and Green-
stone 1998; Sisgaard et al. 2002).  These studies have produced widely varying results and it is
unclear whether the variation is due to regional/yearly variation in predator abundance or
variation in methodology.  Buschman et al. (1977) obtained estimates of the predator com-
plexes feeding on eggs in soybean that varied depending on the use of diurnal visual observa-
tions or autoradiography.  One possible explanation for the variation between techniques
could be the degree to which they sampled predators that are active nocturnally, something
that was almost never explicitly controlled for.  If some effort was made to evaluate noctur-
nally active predators, the effort was only a fraction of that expended evaluating diurnal pre-
dation.  To explicitly address this, Pfannenstiel and Yeargan (2002) carefully used visual ob-
servation to evaluate diel patterns of predation.  In almost all circumstances we have no knowl-
edge of the relative contribution of nocturnal mortality, nor much information on the preda-
tors that might be causing nocturnal mortality.

During 2001-2004, I evaluated the predator complexes feeding on the lepidopteran pests
(Helicoverpa zea [Boddie] and Spodoptera exigua [Hübner] [Lepidoptera: Noctuidae]) in
cotton, corn, and soybean in south Texas, U.S.A.  This work has been conducted using care-
fully conducted direct visual observation to accurately measure and identify predation of
lepidopteran eggs, remove biases towards day-active predators, and accurately characterize
nocturnal predation.  Initial studies indicated that nocturnal predation could be consistently
high, predator complexes varied between crops, and that arthropods observed feeding on
eggs at night were different from those seen during the day (Pfannenstiel and Yeargan 2002).
In that study, several predators that were important were previously unreported as predators
of lepidopteran eggs.  Other predators were determined to be primarily nocturnal, whereas
they were previously considered diurnal.  Here, I will present further research results on
predation of lepidopteran eggs in annual crops and directly address the relative importance of
nocturnal predation in annual crops.
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MATERIALS AND METHODS

Predation on lepidopteran eggs was evaluated in cotton, corn, and soybean in south Texas
during 2001-2004.  The results presented here come from several different studies and corre-
spondingly plot size and arrangement varied.  Egg mortality and the predators responsible
were quantified using the methods of Pfannenstiel and Yeargan (2002) as modified in
Pfannenstiel (2004), but will be summarized here.  For all studies, stations within each crop
planting were established with flags at 3 to 5 m intervals in each of 3 different rows in each
plot or field.  At each of these stations, fresh sentinel lepidopteran eggs (H. zea or S. exigua)
were placed and monitored over the next 24 h.

Sentinel eggs were obtained by allowing H. zea and S. exigua moths to oviposit onto
green florist paper that was place as a lining in 3.8 l ice cream cartons.  Paper on which eggs
had been laid was collected daily and placed into a refrigerator at 4°C to stop development
until used or discarded after 4 d.  These sheets were cut into small (3 to 20 cm2) sections
containing either 10 H. zea eggs or one S. exigua egg mass each and re-placed into the refrig-
erator until use.  All eggs in each S. exigua egg mass (range 20 to 200 eggs/mass) were counted
and recorded before placement into the cotton field.   H. zea eggs were used for studies in all
three crops; S. exigua eggs were used only in studies in cotton.

Eggs were attached to plants at 3:00 PM by stapling the eggs to the top of a leaf about 55
- 70% of the distance from the ground to the top of the plant and this relative location was
maintained as the plants grew during the season.  In corn, eggs were attached to the small
leaves on the terminal end of the ear.  Pests of field crops often deposit their eggs on the
foliage of the middle to upper parts of the plant (Terry et al. 1987; Sappington et al. 2001;
R.S.P. pers. obs.) although often on the undersides of leaves.  Placing the eggs on the top of
leaves was done to facilitate observation.  Neussly and Sterling (1994) found no differences in
predation on H. zea eggs between the upper and lower leaf surfaces in cotton in central Texas.
H. zea and S. exigua eggs typically take 2.5 d or more to develop in the field and would be
available to predators throughout this time (R.S.P. pers. obs.).

Egg groups were observed at three-hour intervals (6:00 PM, 9:00 PM, 12:00 Midnight,
3:00 AM, 6:00 AM, 9:00 AM, 12:00 noon, and 3:00 PM CDT) for the following 24 h.  This
distribution of sampling times results in four day (9:00 AM, 12:00 Noon, 3:00 PM and 6:00
PM) and four night samples (9:00 PM, 12:00 Midnight, 3:00 AM, and 6:00 AM CDT).  Sunrise
occurred as the 6:00 AM sample was being finished and sunset occurred just before the 9:00
PM sample was initiated, allowing for equal numbers of day and night samples despite a
photophase lasting about 14 h.  At each observation period, predators observed feeding on
the eggs were identified or collected for subsequent identification.  All observations of preda-
tion could be assigned to day (9:00 AM, 12:00 Noon, 3:00 PM and 6:00 PM) or night (9:00
PM, 12:00 Midnight, 3:00 AM, and 6:00 AM).  Eggs of each species were replaced when all
eggs on the sheet had been consumed allowing accurate estimation of egg mortality (24 h).  H.
zea eggs were counted at each 3 h period to allow for accurate estimation of mortality for this
species at shorter time intervals (3h, or day vs. night).   Evaluations of predation were con-
ducted from 8 to12 times per year from 2001-2004.  Observations were initiated in late April/
early May and continued at two- to four-week intervals through late August.  Not all crops
were sampled on each date because of differences in crop development and senescence or the
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focus of a particular experiment.  Cotton was the focus of several of the studies from which
data was obtained therefore sample sizes for cotton are larger than those for corn and soy-
bean.  The null hypothesis entering the study was that there would be no difference in the
frequency of observed predation events or predator complexes between day and night.

RESULTS

Egg mortality was consistently high, although this varied both within and between seasons
with no obvious, consistent pattern.   Predation rates on any one date (24h) ranged from 30 to
87% in cotton, 35 to 99% in corn, and 25 to 89% in soybean from 2001 - 2003.  On dates
where all three crops were evaluated predation was often highest in corn, followed typically
by cotton and with soybean having a slightly lower rate of predation.  Seasonal mean preda-
tion rates were similar between day and night for all crops in 2002 and soybean in 2003.
However, mortality due to predation in cotton was significantly higher during the night in
2003 than during the day (Fig. 1).

Figure 1. Diel Predation of H. zea eggs in cotton, soybean and corn in
2002 and 2003.  Data are presented as mean percentage of
eggs consumed per 12 h (Day vs. Night) ± SE.  Because eggs
were replaced when consumed, summed 12-h predation rates
exceed 24-h predation rates.  Means are compared using a
Paired t-test of arcsin(Square Root[X]) transformed proportion
data; significance (**) is P< 0.05; NS = Not Significant P >
0.05.
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For all crops except cotton in 2003, there was no apparent pattern to the variation in
predation by diel period and it appears that the relative contribution of diurnal vs. nocturnal
predation balanced out through the season.  In 2003, when nocturnal predation was higher, it
was consistently higher throughout the season.  In 2002, there was no obvious pattern to the
variation in diel predation (Fig. 2.)

Predation on eggs was observed >1500 times during these studies.  The percentage of
observations of nocturnal predation relative to the total in each crop was 72% in cotton
(n=1228), 52% corn (n=142), and 42% in soybean (n=195).  The predators responsible for the
observed predation varied between crop and between diel period (Table 1).  Only two preda-
tors made up more than 5% of the predators observed feeding in both the day and night
periods in any crop.  These were the formicids (predominantly Solenopsis invicta Buren) and
the omnivorous mirid, Pseudatomoscelis seriatus (Reuter), which made up > 5% of the ob-
served predation events in cotton during both day and night.  In corn, the formicids were also
observed during day and night.  Both of these predators are most active at night, but will
continue to forage during the day.  The 11 other predators that contributed >5% of the ob-
served predation events in either diel period were primarily observed during the day or night,
but not both.  In soybean, there was no overlap in the predators responsible for >5% of the
observed predation in either diel period.

Figure 2. Diel Predation of H. zea eggs in cotton by date for 2002 and
2003.  Data are presented as mean percentage of eggs consumed
per 12 h (Day vs. Night) ± SE.
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Cursorial spiders and ants were consistently among the most important nocturnal preda-
tors of lepidopteran eggs in all crops.  The cursorial spider complex was dominated by 4
species; the anyphaenids Hibana futilis (Banks) and Hibana arunda Platnick, the lyniphiid
Grammonota texana (Banks) and the miturgid Cheiracanthium inclusum (Hentz).  Two spe-
cies of geocorids, Georcoris lividipennis Stål and Geocoris punctipes Say, were the most fre-
quently observed diurnal predator of eggs in soybean and cotton.  The coccinellid Coleomegilla
maculata DeGeer was the most frequently observed diurnal predator in corn.

Table 1. Predators most frequently observed feeding on H. zea and S. exigua eggs in cotton, corn and
soybean during 2001-2004.  For each crop, the predators are ranked by the most frequently
observed during day or night; predators with observations constituting < 5% of the total are not
reported.  Data are presented as the proportion of observations attributable to a predator taxon
during each diel period in each crop.

Crop Rank

Day Night

Predator Taxa
%  of

Observed
  Predator Taxa

% of
Observed

Cotton 1 Geocoris spp. 24.5   Cursorial spiders 23.7

2 Formicidae 19.9   Mites 12.1

3 Pseudatomoscelis
  seriatus

15.0   Formicidae 11.3

4 Hippodamia convergens 9.5   Pseudatomoscelis
    seriatus

9.7

5 Collops sp. 7.8

Corn 1 Coleomegilla maculata 35.3   Formicidae 50.0

2 Formicidae 25.0   Elateridae 10.8

3 Orius spp. 19.1   Cursorial spiders 8.1

4 Hippodamia convergens 10.3   Dermaptera 5.4

Soybean 1 Geocoris spp. 53.0   Cursorial Spiders 28.4

2 Collops sp. 21.0   Formicidae 13.7

3 Coleomegilla maculata 6.0   Nabidae 10.5

4   Dermaptera 10.5

5   Elateridae 10.5
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DISCUSSION

Studies of egg predation in annual crops in the southern USA, particularly cotton and soy-
bean, have yielded consistently high estimated predation rates.  McDaniel and Sterling (1982)
observed an average of 77% daily predation rates of Heliothis virescens (F.) eggs in cotton in
central Texas.  In another, more detailed study, Neussley and Sterling (1994) demonstrated
average total (~ 72 h) predation rates > 80% on H. zea eggs.  Clearly, predation on lepi-
dopteran eggs in these crops can vary, but frequently is quite high.   Despite these and other
studies that document the impact of predation, we have discovered only a portion of the
predators causing this mortality.  Although predation of lepidopterans on cotton and soy-
bean in the USA has been relatively well studied in historical terms, very little information
exists on the role of nocturnal predation.  Recently, a study by Diaz et al. (2004) evaluated
nocturnal predation of S. exigua eggs in relation to S. invicta populations, but they did not
include diurnal observations.

There were similar levels of predation intensity during the day and night in 2002.  Noc-
turnal predation was essentially equivalent in importance to diurnal predation in cotton, corn
and soybean.  In 2003, nocturnal predation in cotton was more than 50% greater than was
observed during the day.  There was no concurrent increase in nocturnal predation in soy-
bean.  At the same time, there was little overlap in the predators that are active during the day
in comparison with those nocturnally active (2 taxa out of 12).  Few studies have directly
addressed nocturnal predation and some that may have detected nocturnal predation using
molecular techniques did not control sampling intervals in a way that might have accurately
identified the diurnal and nocturnal predator complexes.  Studies of predation on H. zea eggs
in corn and soybean in Kentucky (Pfannenstiel and Yeargan 2002), exhibited similar results
to those described here.  Predation was high during the day and night and most predatory
taxa exhibited activity patterns that were primarily diurnal or nocturnal, not both.

Many arthropod species contributed to the high egg mortality rate.  However, daylight
observations would have correctly identified only a few of the important predators in these
crops.  The composition of the predator complex observed feeding on lepidopteran eggs at
night was different from that observed during the day. Diurnal observations would not have
correctly identified other predator groups such as the cursorial spiders, which appear to be
particularly important in south Texas cotton.  To accurately characterize the predators at-
tacking a particular pest species, it is critical to carefully investigate predation during night-
time as well as daytime hours.  Studies using diurnal visual observations alone would not
identify a significant proportion of the important predators.  In a previous study, Pfannenstiel
and Yeargan (2002) also identified unusual taxa such as phalangids (Opiliones) as common
predators of lepidopteran eggs.  The important predators identified in this study, particularly
the cursorial spiders, should be further evaluated to improve our understanding of their role
as biological control agents in these crops and to determine if they can be manipulated to
increase their impact.
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These studies of the predator complexes feeding on lepidopteran eggs in south Texas, as
well as the previous studies by Pfannenstiel and Yeargan (2002), demonstrate that nocturnally
active predators are important in several annual crop systems in the southeastern USA.  Al-
though cotton and soybean have two of the better characterized predator complexes among
cropping systems in the USA, evaluation of nocturnal predator activity is reshaping our per-
ception of the predator complexes attacking lepidopteran pests in these crops.  It is critical
that future research incorporates greater consideration of the role nocturnally active natural
enemies play in biological control of crop pests.
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