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First results for control of saltcedar 
(Tamarix spp.) in the open field in the 

western United States
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Summary

Saltcedars (Tamaricaceae: Tamaricales) are among the most devastating exotic weeds ever to invade
western United States riparian ecosystems. The Agricultural Research Service (ARS) began biological-
control research in 1986 at Temple, Texas, and in 1998 at Albany, California. Many prospective control
insects are reported in the homeland of saltcedar in Eurasia. A leaf beetle, Diorhabda elongata Brullé
deserticola Chen from Fukang, China, and Chilik, Kazakhstan, was released into field cages at 10 sites in
Texas, Colorado, Wyoming, Utah, Nevada and California during 1999 and 2000, and into the open field
at 7 of these sites in May 2001. It successfully overwintered at five sites north of the 38th parallel in four
states, but not in Texas or southern California, presumably because daylength is too short at the southern
sites. During the summer of 2002, we observed dramatic defoliation of saltcedar at Lovelock, Nevada;
good defoliation at Pueblo, Colorado; and substantial population increases, but not defoliation at Lovell,
Wyoming, and Delta, Utah. Diorhabda beetles from Turpan (China), Greece, Uzbekistan and Tunisia are
active at shorter daylengths and are promising for control in the more southern areas. Predators (ants and
birds) have reduced populations at Lovell and Delta, and at Bishop, California, and the control of insects
with predator protective behaviours, such as gall formers, may be required in those areas.
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Introduction
The invasion of riparian ecosystems by exotic saltce-
dars (Tamarix spp.), deciduous shrubs or small trees
from the Old World, has caused one of the worst
ecological disasters in the history of the western United
States. Of the 54 species worldwide (Baum 1978), 10
have been introduced into the United States (Crins
1989). Recent DNA analyses (Gaskin & Schaal 2002)
indicate that T. ramosissima Ledeb. and T. chinensis
Lour. and their hybrids are the most widespread and
damaging species in the western US, along with T.
parviflora DC. in California, and T. canariensis Willd.
and hybrids in some south-western areas. Another
species, the large, evergreen, cold-intolerant tree T.
aphylla (L.) Karst., athel, is a somewhat beneficial
shade tree in the desert south-west and hosts different
insects in the Old World. Athel is not a candidate for
biological control although it is becoming weedy in
some areas. Saltcedars displace native riparian plant
communities, degrade wildlife habitat (including that
of many declining or endangered species), use great
quantities of scarce ground water, increase soil salinity
and wildfire frequency, and interfere with recreational
usage of natural areas. These invasive shrubs increase
bank aggradation, narrow and deepen stream channels,
and alter water temperature and quality. Saltcedars
damage the habitat of many aquatic invertebrates, fish,
and riparian animals by eliminating backwaters and
open sand and gravel bars, and by changing riffle and
bank structure. Native insects and other animals did not
evolve with saltcedar and are unable to utilize it as a
food resource, except that many pollinating insects (all
produced on native plants) visit its flowers (reviewed
by DeLoach & Tracy 1997, DeLoach et al. 2000). 

Saltcedars have many characteristics that enable
them to invade and occupy these riparian areas. They
produce copious quantities of small windblown or
waterborne seeds throughout the growing season and
they also can reproduce vegetatively (Everitt 1980).
They are deep-rooted, facultative phreatophytes that
can utilize either ground water or soil moisture. Thus,
they can occupy areas further from the streambanks and
use more water across a floodplain than can the
shallow-rooted native phreatophytes (Smith et al.
1998). Saltcedars are facultative halophytes that can
utilize saline groundwater by excreting excess salts
through leaf glands. They are tolerant of fire, drought,
inundation, livestock or wildlife browsing, and native
insects do not damage them. They are tolerant of
mechanical controls, and readily resprout from under-
ground stem buds after damage. Saltcedars also interact
synergistically with many of the recent human
produced ecosystem changes to increase their competi-
tive advantages over native plants (reviewed by
DeLoach 1991, DeLoach et al. 2000). Saltcedar also
has some beneficial values, mostly for controlling stre-
ambank erosion (for which it was introduced), a lesser

value as an ornamental shrub, and as a maintenance
plant for honeybees. Some birds, including the endan-
gered south-western subspecies of the willow
flycatcher (Empidonax trailii Audubon extimus Phil-
lips) discussed below, the white-winged dove (Zenaida
asiatica (L.)), and other animals use it for cover or to
feed on the numerous pollinating insects. 

The negative aspects of the saltcedar invasion have
alarmed many environmentalists, water users, ranchers,
park and wildlife managers and recreationalists, who
demand its control. The United States Department of the
Interior (USDI) Fish and Wildlife Service (FWS) has
become aware of the damage caused by saltcedar to its
National Wildlife Refuges and more recently also to
many endangered species (including the south-western
willow flycatcher) and now also supports biological
control. In-depth risk analyses (DeLoach 1991, DeLoach
& Tracy 1997, DeLoach et al. 2000), including
economic analyses (Brown 1989, Zavaleta 2000) have
demonstrated that the damage caused by saltcedar far
outweighs its few beneficial values. The critical nature of
the recent drought in the US south-west has threatened
the water supplies of municipalities and of irrigated agri-
culture, and caused default of water agreements between
states and of the water treaty between the United States
and Mexico. This has now engendered even more polit-
ical support for biological control of this invasive plant. 

The biological control program, 
conflicts, and clearances

The low beneficial values of saltcedar, its lack of closely
related plants in the Western Hemisphere, and the large
number of host-specific and damaging insects that attack
it within its native distribution in the Old World, make
saltcedar an almost “ideal” weed for biological control.
Surveys for natural enemies have been made in Italy,
Israel, Iran, India, Pakistan, and Turkey. These searches,
together with extensive ecosystem studies in the former
Soviet Union and by some of us in China, have revealed
over 300 highly specific and damaging insect species as
potential biological-control agents. Research began at
Temple, Texas, in 1986, with a thorough review of the
literature and risk analysis. Overseas testing of control
agents then were begun by some of us (Mityaev, Jash-
enko, Li, Sobhian and Kirk) and testing in quarantine
began at Temple in 1992 (see DeLoach et al. 1996) and
in Albany, California, in 1998 (see Lewis et al. 2003a).
In March 1994, we submitted a petition to the US
Department of Agriculture Animal and Plant Health
Inspection Service (APHIS) Technical Advisory Group
on Biological Control of Weeds (TAG) asking their
recommendation for release of the leaf beetle,
Diorhabda elongata Brullé, from China and Kazakhstan,
into the open field. 

However, the listing of the south-western willow
flycatcher as federally endangered in February 1995
required consultation with FWS and the preparation of a



Control of Tamarix (saltcedar) in the United States

507

biological assessment, which we submitted to FWS
Region 2 (Albuquerque, New Mexico) in October 1997.
This analysis revealed that the flycatcher utilized saltc-
edar extensively for nesting habitat in some areas of
Arizona but little in other areas, and that other poten-
tially harmful effects of saltcedar reduced reproductive
success of the flycatcher to half of that in its native
willow habitat (DeLoach & Tracy 1997, DeLoach et al.
2000). We then submitted a research proposal to FWS
on 28 August 1998. It specified a research phase in
which; 1) D. elongata could be released into secure field
cages at 10 specified sites in different climatic zones in
Texas, Colorado, Wyoming, Utah, Nevada and Cali-
fornia, all more than 320 km from where the south-
western willow flycatcher nests in saltcedar. The beetles
were to be carefully monitored in the cages for one year
to determine their overwintering ability, mortality
factors, rate of increase, and damage to saltcedar and
non-target plants in the cages, and, 2) the beetles then
could be released into the open field for a 2-year period,
during which the degree and rapidity of control, rate of
natural dispersal, and effects on native plant and wildlife
communities would be monitored. After this 3-year
research period, FWS, ARS and APHIS would review
the research results and determine the conditions under
which the implementation phase could be carried out. A
Letter of Concurrence was issued by FWS on 28
December 1998 (revised 3 June 1999) and an environ-
mental assessment was prepared by USDA–APHIS in
February 1999. APHIS issued a Finding of No Signifi-
cant Impact (FONSI) on 7 July and permits to release in
field cages during July 1999. 

Meanwhile, the Saltcedar Biological Control
Consortium was organized by one of us (DeLoach) in
December 1997 to provide coordination between agen-
cies and input, guidance and oversight in the research
program from user and environmental organizations. It
has met annually since then and now has representa-
tives from some 50 federal and state agencies, universi-
ties, and private user and environmental groups
(reviewed by Stenquist 2000). 

Biology of Diorhabda elongata 
deserticola

The biology of D. elongata subspecies deserticola
Chen from both Fukang, Xinjiang Autonomous
Region, China and from Chilik (120 km east-north-east
of Almaty), Kazakhstan (Fig. 1A-E) was determined by
us in Kazakhstan (Mityaev and Jashenko 1999–2002),
in China (Li and Ming 2001–2002), at Temple and
Albany, and at the various release sites in the US. Both
adults and larvae feed on the foliage of saltcedar and the
large larvae also de-bark small twigs causing the distal
foliage to die. The adults overwinter and the larvae
pupate under litter beneath the trees. In the laboratory,
an average female oviposited 194 eggs over a 12-day
period. Lewis et al. (2003b) measured the duration of

each life stage, calculated the optimal net reproductive
rate (Ro) of 88.2 times per generation (T) of 39.9 days,
and the rate of increase, showing that the population
can double each 6.2 days. Field cage studies show a
range of population increases by location but a 30-fold
increase per generation is not uncommon. The synchro-
nization of the life stages with the normal spring floods
may enable the beetle adults and pupae to avoid most
flooding mortality while on the soil surface. In Colo-
rado and Wyoming, overwintered adults become active
in late April to early May and start ovipositing in early
to late May. First-generation larvae are present from
mid-May through June and the first-generation adults
appear in late June to mid-July. In areas where the
daylength is sufficient, the first-generation adults
reproduce and the second-generation adults appear
from mid August through September. The second-
generation adults feed for a while but rarely oviposit,
and then overwinter. Heavy population densities, espe-
cially of large larvae, can produce severe defoliation in
either generation. In the more southern areas, the saltc-
edar growing season appears to be long enough to allow
completion of three, or possibly four, generations. 

Host range

Tests conducted at Temple during 1992 and 1993 indi-
cated little survival by larvae or oviposition by adults
on any but Tamarix plants (DeLoach et al. 2003).
However, additional testing at Albany during late 1999
indicated substantially more feeding on Frankenia
salina (Molina) I.M. Johnston than previously had been
found on F. jamesii Torrey and the endangered F. john-
stonii Correll (family Frankeniaceae: order Tamari-
cales) during the 1992–1993 tests at Temple (DeLoach
et al. 2003). Extensive additional testing of Frankenia
then was conducted during 2000 at Albany in the labo-
ratory and greenhouse and at Temple in the laboratory
(larvae) and in 3 × 3 × 2 m outdoor cages (Lewis et al.
2003a), thus postponing open field releases for a year.
These tests revealed that larvae of D. e. deserticola in
the laboratory and greenhouse could develop on Frank-
enia but only at about one-third to one-half the rate as
on Tamarix. However, multiple-choice tests of adult
host-plant selection, between three Tamarix (two in
each test) and three Frankenia plants, and using 95 to
150 adults in the large, outdoor cages under near natural
conditions at Temple, demonstrated that adults only
rarely selected Frankenia for alighting/resting or for
oviposition (Lewis et al. 2003a). 

At Temple, we omitted the Tamarix plants in one
test in the large outdoor cages, leaving only the three
Frankenia species and two non-host replacements. This
did not increase beetle selection for Frankenia and the
females laid most of their eggs on the cage walls. In
another test in three small (56 × 67 × 122 cm) outdoor
cages with the original six plant species, the proportion
of adults or eggs on Frankenia relative to Tamarix
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Figure 1. Diorhabda elongata deserticola – beetles and damage to Tamarix: A) top to bottom – adult female, 1st
instar, 3rd instar, adult male; B) adult male; C) 1st and 2nd instar; D) 3rd instar; E) egg mass; F–H)
damage to Tamarix at Lovelock, Nevada, 2002, second season after release: F) 3rd instars feeding, 13
August; G) damage on 28 August; H) aerial view of damage (brown area) on 9 September; I) damage
at Pueblo, Colorado, 1 August 2002. 

Figure 2. Saltcedar stand defoliated by Diorhabda elongata at Lovelock, Nevada, 28 August 2003, at the end of the third
growing season after initial release: 77 ha of tree canopy defoliated within a 190 ha stand of defoliated trees,
much of that outside the area of this photograph. All brown shrubs are defoliated saltcedar, green plants are not
saltcedar.
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plants did not increase. Finally, D. e. deserticola beetles
from Kazakhstan were tested in a multiple-choice test
in the greenhouse at Temple, using 10 test plants (four
Tamarix and three Frankenia, Salix, Atriplex and Plum-
bago). Host selection for oviposition was not different
from the previous tests with the Fukang beetles. These
tests demonstrated that D. e. deserticola from both
Fukang, China and from Chilik, Kazakhstan are safe to
release in the field. We expect some feeding and repro-
duction on T. aphylla (athel) but not noticeable damage
to this plant. Potted plants of Frankenia jamesii in the
field cages at Pueblo and of F. salina at Bishop were
only slightly nibbled by the hundreds of starving adults
that flew about in the cage and larvae that fell on the
plants during peak populations (Lewis et al. 2003a). On
Frankenia, we expect only occasional attraction to or
feeding and oviposition on the plants if they grow adja-
cent to Tamarix. Although possible, we do not expect
the beetles to develop self-sustaining populations on
Frankenia, nor do we expect Frankenia to be a
sustaining host plant in nature. In parallel with all beetle
releases, monitoring of Frankenia will be conducted for
several years to assess any possible impacts.

Experimental releases and results in 
field cages: July 1999 to May 2001

We placed D. e. deserticola from Fukang into field
cages during July and August 1999 at seven sites: on a
privately owned ranch near Seymour, Texas; on Bureau
of Reclamation land near Pueblo, Colorado; on
National Park Service lands near Lovell, Wyoming; on
Paiute Indian tribal lands near Schurz, Nevada; on a
privately owned farm near Lovelock, Nevada; on Los
Angeles County Water District lands near Bishop, Cali-
fornia; and on Hunter-Liggett Military Base, near
Lockwood, California. Beetles from Chilik were placed
in cages on Bureau of Land Management land near
Delta, Utah. During the spring of 2000, beetles from
Fukang also were placed in cages at Stillwater National
Wildlife Refuge (NWR) near Fallon, Nevada and on
private land at Cache Creek near Woodland, California.
These beetles successfully overwintered in the cages at
the eight most northern sites, although only weakly so
at Stillwater and Cache Creek. They failed to over-
winter at the two most southern sites, at Seymour and
Hunter-Liggett. At the six sites where strong overwin-
tering occurred (Pueblo, Lovell, Delta, Lovelock,
Schurz and Bishop), the beetles increased to large
numbers during the summer and completely defoliated
the plants inside the cages during both 1999 and 2000.
The two generations of larvae during June and August
produced the most damage to saltcedar, such that addi-
tional cages had to be established over fresh plants
where some beetles were transferred to preserve the
culture. After the failure to overwinter at Seymour, the
beetles were replaced in the cages in April and May of
2000 and 2001. These beetles reproduced well and the

larvae defoliated the plants during June. The first-
generation adults emerged in late June but failed to
reproduce, entered diapause in early July, and failed to
overwinter.

During the summer of 2000, field observations and
experiments in the field cages and laboratory at Temple,
Dallas, and other field-cage locations, indicated that the
most probable cause of the failure to overwinter at
Seymour and Hunter-Liggett was the short summer
daylengths. Daylength near the origin of these beetles at
Fukang (44°17'N) and Chilik (43°33' N latitude) attains
a maximum of 15 hours 30 min. Maximum daylength at
Seymour (33°35'N) is only 14 hours 21 min and at
Temple (31°10'N) is only 14 hours 10 min. Non-ovipos-
iting beetles from the field cages at Temple began
ovipositing after 7–10 days when moved to a 16:8 hours
(light:dark) photoperiod in the laboratory. Conversely,
ovipositing beetles in the laboratory ceased ovipositing
after 5–7 days when moved to the field cages. Mean-
while, one of us (Bean) at Albany found, in intensive
laboratory studies, that D. e. deserticola from Fukang
required at least 14 hours 45 min daylength to avoid
entering overwintering diapause. Since the beetles in
Texas began diapausing in early July, and fall and
winter temperatures often are mild, the beetles probably
exhausted their fat reserves and starved before saltcedar
foliage appeared 8 months later in mid-March (Lewis et
al. 2003b).

Experimental releases and results in 
the open field: May 2001 to early 

spring 2003

The results of the releases into field cages and of the
additional testing of the Fukang biotype of D. e. deser-
ticola were submitted in a petition to TAG on 25
August 2001 requesting releases into the open field, as
allowed by the research proposal of 28 August 1998.
TAG recommended approval, FWS concurred, APHIS
issued permits, and we made releases of 400 adults at
each site, into the open field during May 2001, adjacent
to the field cages at the six sites where the beetles had
overwintered. However, at Seymour we replaced them
in the cages using additional adults sent from Pueblo.
Beetles from usually two cages at each site were
released at that site – Fukang beetles at all sites except
at Delta, Utah, which were Chilik beetles.

At most sites, 20 beetles of mixed sexes were placed
in each of 10 sleeve bags over terminal branches
outside the cages for 1–2 weeks until they had begun
ovipositing, and then the bags were removed. This
allowed us to follow development and mortality by
knowing where and how many eggs were present. The
remaining beetles (ca. 400 at each site) were released
into the open, except that we retained a small colony in
the cages in case the released beetles did not establish
and additional releases were needed. Additional
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releases were made during the remainder of the year as
excess beetles were produced in the cages. Altogether,
we released approximately 27,000 adults and larvae at
Lovell, Wyoming (six nursery cages had been estab-
lished there); 6900 adults plus many larvae at Pueblo,
Colorado; 15,000 at Delta, Utah (from nine cages);
3500 at Schurz, Nevada; 1650 at Lovelock, Nevada;
4400 larvae and 2000 adults at Bishop, California; and
498 adults at Seymour, Texas. Only low numbers were
produced in cages at Cache Creek and Hunter-Liggett,
California, and at Stillwater NWR, Nevada, and none
were released there, as we felt it best to understand the
reasons for these failures and to address them with more
appropriate actions or to release other control agents if
necessary.

Weekly monitoring of the released beetles indicated
variable results at the different sites. At most sites, a
few to moderate numbers of eggs, larvae and adults
were found throughout the remainder of the summer of
2001, until late August or early September, when no
more were found and we assumed they had entered
overwintering diapause. A few overwintering beetles
were found in the litter beneath the saltcedar trees at
some locations. Only small feeding damage was seen at
most locations. The most damage was at Pueblo, where
the beetles defoliated ca. two-thirds of a rather large
tree to which they had flown, ca. 10 m from the tree on
which they had been released.

Similar densities of beetles were found during the
spring and early summer of 2002, although they had
dispersed over a wider area of ca. 50 to 100 m in radius
from the release point. Then, when larvae of the second
generation reached the third instar in mid-August, we
saw extensive damage at some sites. The most spectac-
ular damage was at the Lovelock, Nevada, release site
(Fig. 1F, G & H). This site is located in a very large area
of monotypic saltcedar in the floodplain of the
Humboldt Sink. Essentially the only other vegetation
present was a moderate stand of saltgrass growing
between and underneath the dense stand of saltcedar
trees. Large populations of third-instar and some
second-instar larvae were found by one of us (Knight)
during the site monitoring on 13 August that were
rapidly defoliating the trees. On 28 August, the larvae
had almost completely defoliated all trees within an area
100 m in diameter (ca. 0.8 ha), centred at the release
cage. Although the larvae had eaten perhaps 95–98% of
the foliage, the remainder was dead and still hanging
from the branches (more so at some other sites). Also,
the beetles missed an occasional terminal. Heavy
feeding but not defoliation had occurred in an additional
concentric ring 50 m wide outside the defoliated area.

The second most severe damage was seen by one of
us (Eberts) at Pueblo, Colorado (Fig. 1I). Nearly
complete defoliation was seen on ca. 25 trees in the
centre of the release area, with heavy feeding but not
total defoliation out to 50 m from the release point.
Fewer trees were attacked here than at Lovelock, but

the saltcedar stand here is more open and disperse than
at Lovelock.

At Lovell, Wyoming, two of us (Kazmer and
Harruff) observed substantial feeding damage but no
complete defoliation. Considering the very large
numbers of beetles released here (ca. 27,000) the
damage was less than expected. The most obvious
reason was heavy predation by ants, which unfortu-
nately were abundant at the release site or moved in
after the releases were made.

At Delta, Utah, two of us (Abbott and Prestwich)
found few beetles and no feeding damage at the release
site. The centre release point here is in a ca. 100 m
diameter area of drought/salinity stressed plants,
mostly only 1–2 m high, but surrounded by larger,
healthier plants at the outer edges of the 10 ha site, on
low hills and along the Sevier River; the nursery cages
were located across the river just beyond the 178 m
radius of the intensive monitoring area. On 1 August
2002, we observed a large swarm of 800+ adult beetles
flying about and mating among the larger trees across
the river near the cages. By 22 August, these had
produced some second and many third instar larvae.
However, while we observed, a flock of 10–12 rufous
sided towhees (Pipilo erythrophthalmus) descended
upon and devoured most of the larvae.

At Bishop, California, two of us (Dudley and Carru-
thers) did not find noticeable damage to plants after
release into the open, although defoliation inside the
cages had been complete. Two factors seemed to reduce
the effectiveness of the beetles. First, we observed some
predation by ants and second, laboratory analysis of the
beetles by Bean indicated that about half the adults
entered diapause in early summer and probably did not
survive the winter (also, daylength there was shortened
by mountain shadows from the east and west).

A similar situation apparently occurred nearby at
Schurz, Nevada. Here also, we (Knight) found that the
beetles had increased well in the cages, defoliated the
plants, and overwintered in the cages. However, in the
field they reproduced little, if any, and apparently failed
to overwinter or to establish.

Beetles at Cache Creek, California, and Stillwater
NWR reproduced poorly in the cages and were not
released in the open. At Cache Creek, the beetles were
intended to control Tamarix parviflora, which may be a
somewhat less-acceptable host plant for them. Other
reasons for the poor performance were not identified.
At Hunter-Liggitt, no beetles were produced in the
cages during the second year and none were released
into the open. At Seymour, Texas, the beetles were
replenished in the cages, reproduced well, and 498 first
generation adults were released into the open on 13 and
26 June, but apparently did not produce a second gener-
ation and none were found the following year. 

In summary, beetles released at sites north of the
38th parallel where daylength exceeds 14 hours 45 min
at least into mid-August, and where predation from ants



Control of Tamarix (saltcedar) in the United States

511

or birds was not severe, reproduced well during the first
two years in the open field and promise to provide good
to excellent control of saltcedar. At some intermediate
sites (Bishop, California, and Schurz, Nevada), beetles
overwintered in the cages but could not overcome
predation in the open field and could not establish. At
sites south of the 37th parallel, where daylength did not
reach 14 hours 45 min, the beetles failed to overwinter,
did not become established, and promise no control.

However, these are only preliminary indications of
control, obtained after only two years in the open field.
We do not yet know the effect of one severe, late-
season defoliation of the plants, the dispersal behaviour
of the beetles after defoliation of a stand of saltcedar, or
the effects over a period of more than two years. We do
not know if the beetles will attack the same damaged
plants during each beetle generation and either kill
them or only kill part of them, if they will permanently
suppress the canopy cover and density of the plants, or
if they will let the plants escape to again produce dense
stands. At our sites in Pueblo, Colorado, and Bishop,
California, two years of severe defoliation in the field
cages completely killed some large plants. We do not
know if the beetles will be attacked by indigenous para-
sitoids, how widespread or intense ant or bird predation
will be, whether predator populations will increase in
response to this new food source, or whether the
beetle’s dispersal behaviour will evade predators. 

Observations by two of us (Mityaev and Jashenko)
at a similar severely defoliated site in Kazakhstan in
2001 indicated that severe dieback of most branches
occurred, but that most plants resprouted from the base
late in the season. At this site, the beetles pupated under
the trees they had defoliated. The adults emerged,
passed a few days on the defoliated plants, then flew en
masse to an undamaged part of the stand and began
feeding and reproducing there. 

Short-daylength beetles discovered

We have discovered beetles with daylength require-
ments of less than 14 hours 45 min at lower latitudes in
Crete and mainland Greece (by Carruthers and Tomic-
Carruthers), in Tunisia (by Kirk and Sobhian), and in
Turkmenistan (by Myartseva). In China, short-
daylength beetles were found (by Li) at Turpan, at
about the same latitude as the previously used Fukang
and Chilik beetles, but at a much lower elevation, just
below sea level. In laboratory tests at Albany (by Bean),
these beetles did not enter diapause at 13 hours and
some of them not even at 10 hours of light. This indi-
cates that these beetles could establish south of the 38th
parallel and perhaps throughout the southern range of
saltcedar in the south-western US and northern Mexico.
The Crete beetles, placed in a large outdoor cage at
Temple during August 2002 and allowed free range
inside the cage, emerged in substantial numbers (appar-
ently with very low overwintering mortality), begin-

ning just at bud break on 10 March and continued until
mid-April 2003. By early April, they had begun ovipos-
iting vigorously. The growing season in the southern
areas is long enough to allow three or even four gener-
ations, with consequent increased damage to saltcedar.

Morphological studies by one of us (Tracy) at Temple
indicate some differences between beetles we have
collected from the above-mentioned areas and with
museum specimens from the Mediterranean area to
China. The results of these studies are as yet incomplete,
but may require further taxonomic separation. All of
these beetles, however, appear to be suitable for control-
ling saltcedar south of the 38th parallel, though perhaps
each type only in certain daylength or climatic zones.
Preliminary testing of the Crete beetles at Temple and
Albany indicate that their host range is similar to that of
the Fukang and Chilik beetles, except for somewhat
more larval development on F. salina. The host range of
each morphotype will be determined and approved by
APHIS before they are released into open field sites. 

The Diorhabda beetles alone may not provide satis-
factory control in all areas. Especially, different types
of control agents may be needed to avoid ant or bird
predation. In the Old World, more than 300 species of
insects are known to attack saltcedar. We have begun
(or finished) testing ca. 20 insect species of several
different types in France, Israel, Kazakhstan, and
China. Several of these have characteristics to avoid
predators. Except for a possible seed pathogen in
France, no pathogens have been found attacking
Tamarix within its native range.

Monitoring

The Monitoring Committee of the Saltcedar Biological
Control Consortium has prepared detailed plans as
required by the Research Proposal to FWS of 28 August
1998. Two years of baseline data have been compiled
from the various release sites on the beetle populations,
mortality factors, and effects on saltcedar and non-
target plants; on the present vegetation composition;
and on wildlife (bird species, butterflies, small rodents
and bats). Also, differences in insect species, life
stages, and abundance between saltcedar and native
riparian trees and shrubs, is being measured by two of
us (Knutson and Thompson). The monitoring is by far
the most time-consuming and expensive part of the
project but it is essential to understanding the effects of
control on native ecosystems. Monitoring now is
required by ARS in all biological control of weeds
programs (Delfosse 2000) and was required by FWS in
this program because of possible effects on endangered
species. Previous and continuing research on remote
sensing by one of us (Everitt) promises a good and less-
expensive method of monitoring the degree and extent
of control (Everitt & DeLoach 1990) and of the
recovery of native riparian plant communities
following control. Also, a large-scale revegetation
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research project is under way by the Ecological
Research and Investigations Group, USDI-Bureau of
Reclamation, Denver, Colorado.

Postscript

By the end of the third growing season in late August
2003, the Fukang/Chilik biotype of D. elongata had
begun a rapid and dramatic defoliation of saltcedar at
five of the seven release sites north of the 38th parallel.
At the best site (Lovelock, Nevada), the beetles had
defoliated 0.8 ha of a dense stand of saltcedar in early
September 2002 (Fig. 1H), which increase to 4.3 ha in
early July 2003, and to 190 ha by early September 2003,
along a 5 km reach of the Humboldt River (Fig. 2). By
September 2003, several plants had resprouted
profusely from the base and occasionally from the upper
branches but enough beetles had remained in the stand
to defoliate this regrowth. At Pueblo, the beetles were
confined to one tree during 2001, had dispersed within a
100 m radius of the release point during 2002, and defo-
liated ca. 40 ha of saltcedar by September 2003. At
Delta and Lovell, the beetles overcame bird and ant
predation in 2002 to defoliate ca. 30 ha and 9 ha respec-
tively by September 2003. At Schurz, the beetles appar-
ently had dispersed beyond the monitoring area in 2002
and were not found but in 2003 they had defoliated ca.
15 ha along the Walker River. In the northern area, the
beetles failed to establish only at Stillwater NWR,
Nevada, and at Cache Creek and Bishop, California. 

Additional host-specificity testing by three of us
(Herr, Milbrath and Tracy) of the four new biotypes of
D. elongata received from the Old World demonstrated
that they also were safe to release. These were placed in
field cages in the southern areas during the summer of
2003, the Crete beetles at five sites in Texas and at one
site in New Mexico, and the Tunisian, Uzbekistan, and
Turpan, China biotypes at one or two locations each in
Texas. The Crete beetles were released into the open
field at Seymour, Lake Thomas, and Big Spring, Texas
and at Artesia, New Mexico and the Turpan beetles also
were released at Seymour. The Crete beetle biotype
also was released at Hunter-Liggett in September and at
Cache Creek in October 2003. Little is known yet about
the rate of kill of the plants but monitoring data from
2004 are expected to begin providing answers.

References
Baum, B.R. (1978) The Genus Tamarix. Israel Academy of

Sciences and Humanities, Jerusalem.
Brown, B. (1989) Economic analysis of harmful and beneficial

aspects of saltcedar. Final Report to Bureau of Reclamation –
USDI, Lower Colorado Regional Office, Boulder City, NV,
Contract No. 8-CP-30-05800, 261 pp. Great Western
Research Inc., Mesa.

Crins, W.L. (1989) The Tamaricaceae in the southeastern
United States. Journal of the Arnold Arboretum 70,
403–425.

Delfosse, E.S. (2000) Biological control: important tool for
managing invasive species. Agricultural Research 48, 2.

DeLoach, C.J. (1991) Saltcedar, an exotic weed of western
North American riparian areas: A review of its taxonomy,
biology, harmful and beneficial values, and its potential for
biological control. Final Report. USDI Bureau of Reclama-
tion, Lower Colorado Region, Boulder City.

DeLoach, C.J., Carruthers, R.I., Lovich, J.E., Dudley, T.L. &
Smith, S.D. (2000) Ecological interactions in the biological
control of saltcedar (Tamarix spp.) in the United States:
toward a new understanding. Proceedings of the X Interna-
tional Symposium on Biological Control of Weeds (ed N.R.
Spencer), pp. 819–873. United States Department of Agri-
culture, Agricultural Research Services, Sidney, MT and
Montana State University, Bozeman, MT.

DeLoach, C.J., Gerling, D., Fornasari, L., Sobhian, R., Myart-
seva, S., Mityaev, I.D., Lu, Q.G., Tracy, J.L., Wang, R.,
Wang, J.F., Kirk, A., Pemberton, R.W., Chikatunov, V.,
Jashenko, R.V., Johnson, J.E., Zeng, H., Jiang, S.L., Liu,
M.T., Liu, A.P. & Cisneroz, J. (1996) Biological control
programme against saltcedar (Tamarix spp.) in the United
States of America: Progress and problems. Proceedings of
the IX International Symposium on the Biological Control of
Weeds (eds V.C. Moran & J.H. Hoffmann), pp. 253–260.
University of Cape Town, South Africa.

DeLoach, C.J., Lewis, P.A., Herr, J.C., Carruthers, R.I., Tracy,
J.L. & Johnson, J. (2003) Host specificity of the leaf beetle,
Diorhabda elongata deserticola (Coleoptera: Chrysomel-
idae) from Asia, a biological control agent for saltcedars
(Tamarix: Tamaricaceae) in the Western United States.
Biological Control 27, 117–147.

DeLoach, C.J. & Tracy, J.L. (1997) Effects of biological control
of saltcedar (Tamarix ramosissima) on endangered species:
Biological Assessment, 17 October 1997, USDA/ARS,
Temple.

Everitt, B.L. (1980) Ecology of saltcedar – a plea for research.
Environmental Geology 3, 77–84.

Everitt, J.H. & DeLoach, C.J. (1990) Remote sensing of
Chinese tamarisk (Tamarix chinensis) and associated vege-
tation. Weed Science 38, 273–278.

Gaskin, J.F. & Schaal, B.A. (2002) Hybrid Tamarix widespread
in U.S. invasion and undetected in native Asian range.
Proceedings of the National Academy of Science  99,
11256–11259.

Lewis, P.A., DeLoach, C.J., Herr, J.C., Dudley, T.L. & Carru-
thers, R.I. (2003a) Assessment of risk to native Frankenia
shrubs from an Asian leaf beetle, Diorhabda elongata deser-
ticola (Coleoptera: Chrysomelidae), introduced for biolog-
ical control of saltcedars (Tamarix spp.) in the western
United States. Biological Control 27, 148–166.

Lewis, P.A., DeLoach, D.J., Knutson, A.E. & Tracy, J.L.
(2003b) Biology of Diorhabda elongata deserticola (Cole-
optera: Chrysomelidae), an Asian leaf beetle for biological
control of saltcedars (Tamarix spp.) in the United States.
Biological Control 27, 101–116.

Li, B. & L. Meng (2001, 2002) Research report on biological
control of saltcedar. Annual Reports. Department of Ento-
mology, Nanjing Agricultural University. 1# Weigang,
Nanjing 210095, China.

Mityaev, I.D. & Jashenko, R.V. (1999–2002) Biological
Control of Tamarix. Annual Reports. Tethys Scientific
Society and Laboratory of Entomology, Institute of
Zoology, Academy of Sciences of Kazakhstan, Academ-
gorokok, Almaty 480060, Kazakhstan.



Control of Tamarix (saltcedar) in the United States

513

Smith, S.D., Devitt, D.A., Sala, A., Cleverly, J.R. & Busch, D.E.
(1998) Water relations of riparian plants from warm desert
regions. Wetlands 18, 687–696.

Stenquist, S.M. (2000) Saltcedar integrated weed management
and the endangered species act. Proceedings of the X Inter-
national Symposium on Biological Control of Weeds (ed

N.R. Spencer), pp. 487–504. United States Department of
Agriculture, Agricultural Research Services, Sidney, MT
and Montana State University, Bozeman, MT.

Zavaleta, E. (2000) The economic value of controlling an inva-
sive shrub. Ambio 29, 462–467.


