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ABSTRACT

We examined plant used versus plant availability by a thysanopteran community on 13
woody and perennial native plants in the Chihuahua Desert. Individual plants were sam-
pled with sticky-traps on 8 dates from May 1997 to August 1998. We sampled 5,040 adult
thrips from 26 species in 19 genera, of which 16 could be identified to species. Four fami-
lies were represented, Thripidae (17 species comprised 98.2 % of the collected specimens),
Phlaeothripidae (5 species comprised 1.6%), Aeolothripidae (2 species comprised 0.1%) and
Heterothripidae (1 species comprised 0.1%). A total of 16 species (84.2%) were phytopha-
gous on flowers and leaves, 2 (10.5%) were predators, one (5.2%) was mycophagous. Feed-
ing habits for 7 species are unknown. Thrips abundance was positively correlated with
plant volume, but not with insect richness. Strikingly for a natural area, Frankliniella oc-
cidentalis accounted for 73.6% of the total collection of the sampled thrips, which together
with Chirothrips falsus, Microcephalothrips abdominalis, Frankliniella gossypiana, and
Neohydatothrips signifier, comprised 94.0% of the total number of collected thrips. Main
abundances, considering all thrips species, occurred in fall and spring; no thrips were
collected during winter. This seasonal pattern of occurrence was observed for the most
abundant thrips species. In summary, the results of this study were: 1) few thrips species
were found to be specialists; only 2 thrips species out of 12 studied, showed strong prefer-
ence for host plants, 2) presence of a high percentage of positive associations, and a low
percentage of negative associations, 3) the role of plant volume explained more than 80%
of variance of thrips abundance. These results suggest that the studied thrips community
has low plant specificity and the pattern of plant use observed could be the consequence
of generalist feeding diets.

Key Words: Thysanoptera, insect-plant association, desert plants

RESUMEN

Examinamos el uso de plantas versus la disponibilidad de plantas de una comunidad
de Thysanoptera sobre 13 plantas nativas (lefiosas y perennes) en el desierto de Chi-
huahua. Se muestrearon plantas individuales con trampas pegajosas en 8 fechas desde
de mayo de 1997 hasta agosto de 1998. Se obtuvieron 5.040 trips adultos pertenecientes
a 26 especies en 19 géneros, de los cuales 16 se pudo identificar hasta especie. Cua-
tro familias estdan representadas, Thripidae (17 especies que representaron el 98,2%
de los especimenes recolectados), Phlaeothripidae (5 especies que constituyeron 1,6%),
Aeolothripidae (2 especies que constituyeron el 0,1%) y Heterothripidae (1 especie que
correspondi6 al 0,1%). Un total de 16 especies (84,2%) fueron fitéfagos (en flores y hojas),
2 (10,5%) fueron depredadores, uno (5,2%) fue mic6fago. De 7 especies se desconocen
sus habitos alimentarios. La abundancia de trips se correlacioné positivamente con el
volumen de las plantas, no asi con la riqueza. Sorprendentemente para un area natural,
Frankliniella occidentalis represent6 el 73,6% de la recoleccién total de los trips, que
junto con Chirothrips falsus, Microcephalothrips abdominalis, Frankliniella gossypiana,
y Neohydatothrips signifer, representaron 94,0% del total recogido. La mayor abundan-
cia de trips se produjo en otono y primavera, y no se recolectaron trips en el invierno. Es-
te patrén estacional de ocurrencia se observé para las especies de trips mas abundante.
En resumen, los resultados de este estudio fueron: 1) presencia de pocas especies de trips
fueron especialistas, s6lo dos especies de trips de los 12, mostraron una clara preferencia
por sus plantas hospedantes, 2) presencia de un alto porcentaje de asociaciones positi-
vas, y un bajo porcentaje de asociaciones negativas, 3) el rol del volumen de plantas que
explica mas del 80% de la varianza de la abundancia de trips. Estos resultados sugieren
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que la comunidad trips estudiado tiene una baja especificidad y el patron de utilizacion
de las plantas es consecuencia de una dieta alimentaria generalista.

The diversity of the Thysanoptera fauna of
the United States is partially known, mainly
because of the limited studies and collecting
efforts in natural areas. So far, 3 states, Cali-
fornia, Florida and Georgia, have a checklist of
Thysanoptera species (Hoodle et al 2004; Dif-
fie et al. 2008). These authors recognize that
the lists are incomplete because of the lack of
surveys in many different ecosystems; yet they
constitute most of the available information
on Thysanoptera fauna related to pest thrips
(Lewis 1997; Moritz et al. 2004). Most studies
on thrips have been focused on control of the
pest species. Consequently, there is a big gap
in knowledge of thrips associated with native
plants. Owing to the unceasing destruction of
natural environments, any information on spe-
cies diversity has become critically important to
understand the functioning of natural commu-
nities. Thrips are not currently endangered or
threatened, and their survival is based on the
conservation of their host plants and habitats
(Pinent et al. 2006).

From 1997 to 1998, we carried out a study of
the phytophagous insect community in an arid
ecosystem located in New Mexico dominated by
creosote bush (Larrea tridentata (Mo¢. & Seseé
ex DC.) Coville), woody snakeweeds (Gutierrezia
spp.), honey mesquite (Prosopis glandulosa Tor-
rey), and tarbush (Flourencia cernua DC.). This
paper describes, for the first time, the species
composition of a native community of thrips in
New Mexico in which thrips species were sam-
pled on 13 perennial woody plants to provide
information of plant use, thrips abundance and
seasonality.

TaBLE 1. LIST OF THE 13 PLANT SPECIES USED IN THE STUDY 1.

MATERIAL AND METHODS

Detailed information on the sampling site
and methodology used is given in Logarzo et al.
(2002). A summary is presented here. The 150 m
x 50 m plot was located at the Chihuahua Desert
Rangeland Research Center in Dofia Ana County,
New Mexico, USA. We conducted 8 samplings on
13 shrub, sub-shrub and perennial herb species
(Table 1), from Jun 1997 to Aug 1998. We carried
out 6 of these samplings on 13 shrub, sub-shrub
and perennial herb species (Table 1), from Jun
1997 to Aug 1998 (5 June, 13 September and 11
November 1997; 31 January 21 June and 8 July
1998), at the Chihuahua Desert Rangeland Re-
search Center in Dofia Ana County, New Mexico,
USA.

Ten transects of 50 m each were randomly lo-
cated across the plot (150 m x 50 m), 13 points
were randomly placed along each transect using a
random number table. The 13 plant species were
randomly assigned along each transect and sub-
sequently, a trap was placed in the middle of the
plant specimen of the assigned species located
closest to the point; 130 plant specimens (10 rep-
lications for each plant species studied) were ran-
domly selected by this method in each sampling
date.

With this method, plants with a random or reg-
ular spatial distribution had a higher probability
of being selected as opposed to plants growing in
patches. At each sampling date, a standard un-
baited Biolure red delta prism-shaped sticky trap
(Consep Biorational Products for Agriculture,
Bend, Oregon), measuring 10 x 18 cm on each of
the 3 sides (540 cm? total surface), was placed 1

Common name Scientific name

Architecture and Size

Cutleaf brickellbush Brickellia laciniata Gray As Shrub, 1-2 m,

Tarbush Flourensia cernua DC. As Shrub, 1-2 m

Broom snakeweed Gutierrezia sarothrae Britt& Rusby As Woody plants, 0.2-1 m
Threadleaf snakeweed Gutierrezia microcephala (DC.) Gray As Woody plants, 0.2-1 m
Blackfoot daisy Melampodium leucanthum Torr. Gray As Perennial, 10-30 cm

Mariola Parthenium incanum Kunth As Woody perennial, 0.4-1 m
Prickleleaf dogweed Thymophylla acerosa DC. As Shrubby perennial, 10-25 cm
Desert zinnia Zinnia acerosa (DC.) Gray As Low shrublet, 6-25 cm,
Feather indigobush Dalea formosa Torr. Fa Shrub, 0.3-1 m

Honey mesquite Prosopis glandulosa Torr. Fa Shrub or tree, up to 4 m
Leatherweed Croton pottsii (Klotzsch) Muell.-Arg. Eu Perennial, 20-60 cm
Littleleaf sumac Rhus microphylla Engelm An Shrub, 1-3 m

Soap-tree yucca Yucca elata Engelm Ag Semi-succulent shrub, up to 5 m
Creosote-bush Larrea tridentata (DC.) Cov. Zy Evergreen bush, up to 2 m

Unformation taken from Allred (1988).
2Family: As, Asteraceae, Fa, Fabaceae, Eu, Euphorbiaceae, An, Anacardiaceae, Ag, Agavaceae, Zy, Zygophyllaceae.
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per plant sampled. However, in the case of Cro-
ton pottsii (Klotzsch) Mueller of Aargau, a very
small plant that occurs in clumps, a single trap
was placed among several plants). Traps were
left to collect insects for 6 d, based on a prior pilot
study that identified the length of time at which in-
sect numbers collected stabilized. In this study we
tested several aspects of the methodology including
a yellow sticky trap, and compared the results of
the sticky traps with the results obtained with other
collecting methods (beating and sweeping); and we
selected the delta-prism sticky trap as the best col-
lecting method for the survey. This method was cho-
sen because it was time effective and allowed us to
place the traps during one morning with a reduced
variance compared to the other collecting methods.
On the first and second sampling dates, Brickellia
laciniata Gray was not sampled and only 5 replica-
tions per plant species were made. More detailed
information on sampling and methodology is given
in Logarzo et al. (2002).

In the laboratory, thrips were easily removed
from the trap using a citric acid solution (Goo
gone®) then were mounted and identified for
MIZ. The world thrips specialist, Dr. L. A. Mound,
CSIRO, Australia, confirmed thrips identifica-
tions. Insect voucher specimens are located in
the entomological collection of the Instituto de
Biologia de la Altura, Universidad Nacional de
Jujuy, Jujuy Province, Argentina, and Dr. L. A.
Mound has another set of voucher specimens. Im-
mature thrips were not included in this study due
to the difficulty in identifying them.

Statistical Analysis of Insect-Plant Associations

Insect-plant associations were determined for
the 12 most abundant thrips species using the
Poisson regression (Cameron & Trivedi 1998).
Here we did a regression of number of insect
captured as a function of the logarithm of plant
volume in order to estimate the expected mean
number of insects of each species to be captured
in each plant. The regression curve only had one
parameter, the slope which was also forced to be
positive, because the expected number of insects
in a plant of zero volume was also zero, and a neg-
ative number of insect per plant does not have a
biological or a statistical meaning (the parameter
of the Poisson distribution is always positive).

The line of regression represented the same
case as null hypothesis in the Neu method (Neu
et al. 1974), in which it compares the availability
of each plant species with the actual proportion
used by the plant-feeding insects. Here, plant use
means any behavior between thrips and plants be-
yond feeding, such as mating, predation, or shel-
ter. Critical assumptions are that all the insect
observations are independent and that the avail-
ability of each plant is the same for all insects. In
this study, plant availability was measured as the

total volume of each plant species sampled. Our
scientific hypothesis was that thrips used plants
differentially. Statistically, the null hypothesis
tested states that thrips use plants in proportion
to plant availability, considering all the plants
simultaneously. The Poisson regression is more
robust than the Neu method in cases where the
number of insects is low and there are zeroes.

After calculating the regression, we tested
whether the number of captured insects differed
from the expected value by the regression by us-
ing the Poisson cumulative distribution (CDF).

Negative Relationships. If the number of cap-
tured insects was lower than expected, the prob-
ability value was Pij = Pois(\, x > n_), where n_is
the number of insects of species j captured in the
plant i, the parameter A of the Poisson distribu-
tion is calculated ash = v;s;, with v, as the plant i
volume, and s, the slope of the regression line of
the insect j.

Positive Relationships. If the number of cap-
tured insects was higher than expected, the P
value was calculated as Pij = 1 - Pois(h, x > nij
+1). In both cases, we considered the differences
to be significant in cases where Pii was less than
0.025/12. '

It should be noted that we did not check the
regression significance in this case, because we
did not test if the number of thrips per plant was
an increasing linear function of the volume of the
plant. For example, if the slope were close to 0, it
would be used anyway.

The parameter of the regression line was cal-
culated using Markov Chain Montecarlo method-
ology with Poisson likelihood (Roberts & Casella
2004), and selecting the best fitting value after
1,000,000 simulations. The calculations were
performed using the Markov Chain Montecarlo
library pymec for the python programming lan-
guage (Patil et al 2010).

Availability of host plants is difficult to quanti-
fy but refers here to the approximate volume of an
individual plant, rather than to the total volume
of a plant species in the study area. Plant volume
was estimated based on specimen’s length, width
and height, which were measured on each plant
after the trap had been placed.

Three linear regression analyses were con-
ducted with data of the 13 studied plant species:
1) between logarithm of the total plant volume
and numbers of insects captured on each plant
species, 2) between logarithm of plant volume and
thrips richness of each plant species, and 3) be-
tween thrips captured and richness obtained on
each plant species.

REsuLTs

Twenty-six species of thrips were identified from
5,040 specimens collected from 13 plant species
(Table 2), 4 of 5 thrips families reported in the USA
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Fig. 1. Effect of plant volume (in logarithm) on thrips
abundance on the 13 plant species studied. BL = Brickella
laciniata, CP = Croton pottsii, FL = Flourensia cernua, GS
= Gutierrezia spp, LT = Larrea tridentata, ML = Melam-
podium leucanthum, PI = Parthenium incanum, PG =
Prosopis glandulosa, RM = Rhus microphylla, TA = Thy-
mophylla acerosa, YE = Yucca elata, ZA = Zinnia acerosa.

were represented in the findings, most of them, 17
species, belonged to the Thripidae family. The re-
maining 9 thrips species were in Phlaeothripidae
(5 species), Aelothripidae (3), and Heterothripidae
(1) (Table 2). Strikingly for a natural area, Frankli-
niella occidentalis (Pergande), a cosmopolitan pest
native to Western United States, accounted for
73.6% of the total collection of 5,040 thrips. A to-
tal of 16 species (84.2%) were phytophagous (on
flowers and leaves), 2 (10.5%) were predators and
one (5.2%) was mycophagous. Feeding habits are
unknown for 7 species (Table 2). Five species, F.
occidentalis (3,708 specimens), Neohydatothrips
signifer Priesner (412), F. gossypiana (Hood) (261),
Chirothrips falsus Priesner (199), Microcephalo-
thrips abdominalis Crawford (168), accounted for
94.0% of the total collection (Table 2).

Plant volume accounted for 80% of variance
of thrips abundance. We found a relationship be-
tween natural logarithm of plant volume (of each
species) and thrips total abundance (¥ = 43.63, gl
=11, P = 0.0001) (Fig. 1). Thrips richness ranged
between 8 and 15 species on each of the 13 host
plants. Rhus microphylla Engelm had the highest
number of thrips species (15), followed by Yucca
elata Engelm (14) and Zinnia acerosa (DC.) Gray
(14) (Table 2). The average number of thrips spe-
cies along the 13 host plants was 12.3 (SD= 1.8).
We did not find a relationship either between
richness and logarithm of plant volume (F' = 1.52,
gl = 11, P = 0.24), or richness and thrips abun-
dance (F = 0.08, gl = 11, P = 0.77) (Fig. 2).

Of the 156 possible plant-insect pairs (12
thrips species and 13 plant species analyzed),
50.6% (79) demonstrated random use, 22.4% (34)
demonstrated negative associations and 26.9%
(42) positive aggregation. Although, all analyzed
insect species showed at least 1 positive interac-
tion, even the predator Leptothrips mali (Fitch),
only 2 insect-plants pairs showed strong positive
associations with their host plants: 90% of Chiro-

1000 16
W Abundance

OlRichness [

12

Thrips abundance
Thripsrichness

(S -]

BL CP DF FC G5 LT ML PI PG RM TA YE ZA

Fig. 2. Relationship between thrips abundance and
richness on the 13 plant species studied. BL = Brickella
laciniata, CP = Croton pottsii, FL = Flourensia cernua,
GS = Gutierrezia spp, LT = Larrea tridentata, ML =
Melampodium leucanthum, PI = Parthenium incanum,
PG = Prosopis glandulosa, RM = Rhus microphylla, TA
= Thymophylla acerosa, YE = Yucca elata, ZA = Zinnia
acerosa.

thrips sp. specimens were collected on Flourensia
cernua DC., and 65.5% of Neohydatothrips signi-
fer Priesner were collected on B. laciniata.

Frankliniella occidentalis was the most abun-
dant thrips, and was collected on the 13 studied
plants. It was positively associated to 10 hosts,
and negatively associated to B. laciniata, Proso-
pis glandulosa Torr. and R. microphylla. Again,
plant volume better explained the pattern of
plant use of F. occidentalis (F = 33.27, df = 1-11,
P =0.0001) R? = 0.73. We collected 5 thrips spe-
cies - with enough abundance to be analyzed - re-
stricted to flower feeding, 3 species had maximum
occurrence in fall, one in spring and the other in
summer. Chirothrips falsus Priesner, with 154
(86%) out of 179 specimens collected in Sep and
Nov, was positively associated to Gutierrezia spp.,
Z. acerosa, Dalea formosa Torr., Melampodium
leucanthum Torr. & Gray, Thymophylla acerosa
DC., Parthenium incanum Kunth. and Crotton
pottsii (Table 3). Microcephalothrips abdominali,
with 153 (92%) out of 168 were collected in fall,
was associated positively to Z. acerosa, D. for-
mosa, C. pottsii, T. acerosa, P. incanum and M.
leucanthum (Table 3). Thirteen (68%) out of 22
specimens of F. minuta (Moulton) were collected
in summer on almost all host plants being at very
low density (Table 3).

Maximum thrips abundances were observed
during fall 1997 and spring 1998, no thrips were
collected during winter. Five thrips species, F. oc-
cidentalis, F. gossypiana (Hood), M. abdominalis,
Chirothrips falsus Priesner, and N. signifer, ac-
counted for 92.20% of the total abundance in fall.

Discussion

The results of this study indicate that thrips
showed low preference in the use of their host
plants. The analysis of the effect of volume of
different host plants showed that this variable
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explained 80% of the variance in the thrips abun-
dance. Larger plants had more thrips than small-
er plants, for example, on P. glandulosa, the big-
gest plant, 905 thrips specimens were collected,
whereas on C. potsii, the smaller plant, 208 speci-
mens were collected (Fig. 1). Interestingly, thrips
richness was not related to thrips abundance or
to plant volume (Fig. 2). Thrips richness on each
host plant was quite similar among the 13 host
plants. Thrips richness average per plant was 12,
where 7 thrips species (the most abundant) were
collected on all the 13 host plants studied and 2
thrips species on 12 plant species (Table 2), sug-
gesting that all plants offered similar resources.

The pattern of plant usage by the thrips com-
munity was different from the pattern found on
the leafthopper community studied at the same
location, dates and host plants. The number of
insect species analyzed was similar: 12 thrips
and 13 leafhoppers (Logarzo et al. 2002). The
Thysanoptera showed more positive interactions
than leafhoppers (26.3% vs. 9.5% ), indicating
that thrips have low fidelity to host plants. All
Thysanoptera species analyzed were positively
associated at least with one plant species, and
41.7% were associated with many hosts, among
3-10 species (Table 3). On the other hand, 66.7%
of the Cicadellidae showed preference for just 1-2
host plants (50% of the 13 leafthoppers were as-
sociated to only 1 host plant), and the remaining
species (4) exhibited no preference for any host
(Logarzo et al. 2002). When comparing negative
interactions between Thysanoptera and Cicadel-
lidae communities, the leathoppers showed more
avoidance associations in host usage than the
thrips (41.4% of the 169 possible plant-leathopper
pairs demonstrated avoidance, whereas thrips
showed 22.4% of the 156 pairs).

Given that the analysis of the thrips-plant
associations was based on the frequency of the
capture of thrips species on the 13 plant species
sampled throughout the study without further
preference studies, 2 causes can be responsible
for the obtained capture pattern: insect behavior
(like feeding, mating or oviposition) or sampling
effect. For the purpose of this study, the sticky
traps were the most indicated sampling method,
because we do not detect differences in thrips
captured among host plants in the preliminary
sampling, and sticky traps have been widely used
to sample thrips in many studies for different
purposes (Diraviam & Uthamasamy1992; Hig-
gins 1992; Cho et al.1995; Shipp et al. 2000; Finn
2003; Arévalo & Liburd 2007). However, some
thrips specimens could of course be moved by
winds and captured by traps set on plants that
were not utilized by them, but those captures
should be detected by the analysis and labeled as
“random associations”.

It is generally accepted that thrips lack con-
trolled flight patterns, because their small size

prevents them from counteracting the power of
even moderate velocity winds; however, they can
fly distances of 6-30 m depending on the species
(Lewis 1997). In addition, thrips have some con-
trol over their landing (Lewis 1997) that is the
basis for host selection. Kirk (1984) demonstrated
that thrips actively select where to land. Based on
color selection for landing, flower thrips flew to
bright colors such as white, whereas grass-dwell-
ing thrips flew to colors that were closer to green
suggesting that thrips behavior is responsible for
the observed pattern of plant use, and that be-
havior is ruled by the fundamental niche of each
insect species that includes its feeding physiologi-
cal host range.

Unfortunately, there are no host records for
thrips in natural areas in the southwestern USA,
and feeding habits of thrips in the USA are poorly
known (Nakahara 1994; Hoodle et al. 2004; Diffie
et al. 2008). Three main reasons could account for
this, i.e., lack of studies that identify hosts where
thrips complete their development; ignorance of
feeding habits for most thrips species, even well
known species, like F occidentalis, a worldwide
reputed pest of many crops (Mantel & Van de Vrie
1988; Cho et al. 1989; Gokkes 1991; Nicolas & Ben-
nis 1993), is also known as facultative predator on
other arthropods (Milne & Walter 1997; Agrawal
et al. 1999); and finally, the low numbers of speci-
mens collected of many thrips species. For exam-
ple, in this study 14 out of 26 species sampled had
abundances lower than10 specimens (Table 2).

Summary of Results of this Study. 1) few thrips
species were found to be specialists; only 2 thrips
species out of 12 studied, showed strong preference
for host plants, 2) presence of a high percentage
of positive associations, and a low percentage of
negative associations; 3) the role of plant volume
explaining more than 80% of variance of thrips
abundance. The obtained results suggest that the
studied thrips community has low plant specificity,
and the pattern of plant use observed could be the
consequence of generalist feeding diets.
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