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Abstract 

Four species of leaf beetles, Diorhabda carinulata (Desbrochers) from Kazakhstan and 
China (released in the USA in 2001), D. elongata (Brullé) from Greece and D. carinata 
(Faldermann) from Uzbekistan (released in 2004), and D. sublineata (Lucas) from Tunisia 
(released in 2009), have been utilized for control of highly invasive saltcedars (Tamarix 
spp., SC), small trees from Asia and the Mediterranean area that are destructive to native 
riparian vegetation in the western USA and northern Mexico.  The beetles’ field ecology, 
biology and host ranges were determined overseas and in quarantine in Texas, California 
(CA) and New Mexico.  These beetles are restricted to species of Tamarix, none of which 
are native in the western hemisphere. By 2010, the China/Kazak beetles had defoliated 
about 2,400 stream km of SC in Utah, and NW New Mexico and NW Arizona and 550 
km in Nevada, the Crete beetles defoliated about 125 km in central-west Texas and 80 km 
in CA, and the Tunisian beetles defoliated about 130 km along the Rio Grande of western 
Texas.  “Spillover” populations of D. sublineata defoliated athel shade trees (Tamarix 
aphylla (L.) Karsten in 2010, but these plants revegetated within 2 months.  Record cold 
weather severely depressed beetle populations throughout north and central Texas during 
February 2011, killing most beetles and damaging SC top growth; the cold caused little 
mortality to the beetles along the Rio Grande but caused 95 to 100% dieback of the athel.  
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Introduction

  Exotic saltcedars (SC), highly invasive small 
trees introduced from Asia and the Mediterranean 
area beginning in 1823, (mainly Tamarix 
ramosissima Ledebour, T. chinensis Loureiro, and 
in California, also T. parviflora de Condolle) are 
severely damaging native ecosystems along streams 
and lakeshores throughout the western United States 
and northern Mexico.  No Tamarix species are native 
in the Western Hemisphere.  Athel, T. aphylla (L.) 
Karsten), another exotic species, (a large 20 m-tall, 
evergreen, cold-intolerant tree), is used as a shade 
tree and windbreak in Mexico and the southwestern 
USA and is not a target for control (DeLoach, et 
al., 1997, 2000).  However, since recent floods, it is 
becoming more invasive and damaging to native 
ecosystems along the Rio Grande of Texas and is 
hybridizing with other Tamarix spp. in the western 
USA.  

The impetus for biological control (BC) was 
by Lloyd Andres (ARS, Albany, CA), who initiated 
overseas explorations for natural enemies in the 
1960’s-1970’s, that produced reports of ca. 350 
herbivorous insect species, with information on 
biology and host range, in Israel and the Middle East 
(Gerling and Kugler, 1973), Turkey (Pemberton and 
Hoover, 1980), Pakistan (Habib and Hassan, 1982), 
and Kazakhstan (Mityaev and Jashenko, 2007), 
summarized by Kovalev (1995).

Biological control experimentation began in 
1986 by one of us (DeLoach) with literature review 
and risk assessment, and from 1991 to 1998 with 
overseas exploration for natural enemies with 
collaborators within the native range of SC in 
France (A. Kirk, R. Sobhian, L. Fornasari), Israel (D. 
Gerling), China (B.P. Li, R. Wang, Q. G. Lu, and H. 
Chen), Kazakhstan (I.D. Mityaev and R.V. Jashenko) 
and Turkmenistan (S. Myartseva) (DeLoach, et al., 
2003; Carruthers, et al., 2008) and supplementary 
funding from USDI-Bureau of Reclamation.  A 
petition for introduction and testing in quarantine 
at Temple, TX of a leaf beetle from China and 
Kazakhstan, then identified as Diorhabda elongata 
(Brullé) ssp. deserticola Chen, was submitted to the 
Technical Advisory Group for Biological Control of 
Weeds (TAG) of the US Department of Agriculture, 
Animal and Plant Health Inspection Service, 
Plant Protection and Quarantine (USDA-APHIS-

PPQ) and state departments of agriculture in May 
1994.  This petition initiated the requirement for a 
Biological Assessment (BA) to the US Department 
of Interior, Fish and Wildlife Service (USDI-FWS) 
for consultation under Section 7 of the Endangered 
Species Act, (DeLoach et al., October 1997).  Release 
into field cages for 1 year, then into the open 
environment, was approved by FWS via Letter of 
Concurrence, 3 June 1999, and APHIS-PPQ via a 
“Finding of No Significant Impact” (FONSI), 7 July 
1999 for 10 specified sites in Texas (TX), Colorado 
(CO), Wyoming (WY), Utah (UT), Nevada (NV) 
(3) and California (CA) (3).  The beetles were placed 
in large cages during the summer of 1999 and 
released beginning in May 2001.  The USDA-ARS 
Temple project was joined by one of us (Carruthers) 
in early 1998, who organized the ARS Exotic and 
Invasive Weeds Research Unit (EIWRU), Albany, 
CA with several additional scientists and obtained 
a USDA-CSREES-NRI-IFAFS grant for area-wide 
biologically based control of SC that provided 
supplemental support for all projects for 4 years.  
Carruthers coordinated the projects in CA and NV 
and DeLoach in the other states.

These Diorhabda spp. beetles were identified by 
chrysomelid taxonomic authorities as D. elongata 
(Brullé).  However, morphological studies by Tracy 
and Robbins (2009); cross-mating experiments by 
David Thompson;  DNA analyses by David Kazmer; 
and pheromone comparisons (Cossé, et al., 2005) 
demonstrated that these beetles were actually five 
valid, separate species – D. carinulata (Desbrochers) 
from Fukang (44.8º N. Lat.), China and Chilik 
(43.3º N.), Kazakhstan; D. elongata from Crete (35º 
N) and Posidi Beach near Thessaloniki (40.6º N), 
Greece; D. sublineata (Lucas) from Mareth (33.4º 
N), Tunisia; D. carinata (Faldermann) from Karshi 
(38.5º N), Uzbekistan, and D. meridionalis Berti 
and Rapilly from coastal Iran (not introduced).   

Results and Discussion 

Field Ecology, Biology and Behavior
 

Diorhabda spp. adults and larvae feed on the 
foliage and flowers of SC.  The larvae pupate under 
litter on the ground and the adults overwinter 
there.  The northern Fukang/Chilik beetles have 



270

XIII International Symposium on Biological Control of Weeds - 2011

Session 6      Integrating Biological Control and Restoration of Ecosystems

two generations north of the 38th parallel, the Crete 
beetles three to four generations in central TX and 
along Cache Creek, CA, and the Tunisian beetles five 
to six generations along the w TX Rio Grande and 
Pecos River. Diapause is regulated by daylength after 
June (Lewis, et al., 2003b; Milbrath et al., 2007; Bean 
et al., 2007).  Since 2009, the Chilik beetles appear to 
be adapting to areas farther south and by September 
2011 were reported at Algodones, NM (35.4°  N Lat.)  
These beetles have a high reproductive rate, especially 
in more southern areas with several generations.  
Females lay an average 280 eggs (net reproductive 
rate 80.9), generation time is about 38.3 days, and the 
population can double in 6.1 days (Milbrath et al., 
2007).  Major predators on the ground are ants (and 
possibly small mammals) that feed on the pupae and 
adults; and in the trees are assassin bugs and spiders 
on adults and larvae, and ladybird beetles on eggs. 
No parasitoids have been observed in the USA, but 
a tachinid fly (Erynniopsis antennata (Rondani) 
was reared from larvae and adults, and a eulophid 
wasp parasitoid of larvae and a Nosema  pathogen 
were often reported by our overseas collaborators.  
Adult beetles congregate in mating swarms when 
food is scarce, regulated by a male aggregation 
pheromone (Cossé, et al., 2005) and can fly 50 km 
or more to find fresh food and to avoid predators.   

Host Specificity

Intensive testing at Temple and Albany 
demonstrated that these four Diorhabda species are 
restricted in host range to the genus Tamarix.   The 
D. carinulata beetles from Fukang and those from 
Chilik  were tested in quarantine at Temple, TX from 
1992 and at Albany, CA from 1998 (DeLoach et al., 
2003; Lewis et al., 2003a; Milbrath and DeLoach, 
2006 a, b; Herr et al., 2009).  At Temple, reproductive 
index (% larval survival in no-choice tests in sleeve 
bags on plants growing outdoors multiplied by % 
eggs laid in multiple-choice tests on potted plants in 
large outdoor cages) for Fukang, Crete, and Tunisian 
beetles was 12.4, 20.5, and 12.6, on T. ramosissima/T. 
chinensis, 8.4, 8.2, and 3.0 on athel, and 0.103, 0.70, 
and 0.00 on Frankenia, respectively.  The most highly 
selective life stage was the female searching for a 
plant on which to oviposit.  Athel and Frankenia spp. 
were included in nearly all tests.  In outdoor, uncaged 
tests in 2005 at Big Spring by DeLoach, 65.14% of 

the adults were found on SC, 34.63% on athel, and 
0.23% on Frankenia; for eggs, 82.2% were on SC, 
12.8% on athel and 0.0% on Frankenia (Moran et 
al., 2009).  At Cache Creek (near Rumsey), CA, D. 
elongata beetles laid 3.7% of their eggs on Frankenia 
salina (Molina) I.M. Johnson in a paired choice field 
test with T. parviflora, 4.3% in a multiple-choice cage, 
and 1.2% in a multiple-choice open field test (Herr, 
et al., in revision). Thus, we expected heavy damage 
to and control of SC, light to moderate damage to 
athel, and no or only minor damage to Frankenia. 

Releases in Northern States 

After regulatory approvals, the Fukang beetles 
were released into the field beginning in May 2001-
2002 in Texas, Colorado, Wyoming, Utah, Nevada 
and California and the Chilik near Delta, UT.  For 
those in desert areas of NV, UT and western CO, 
control has been spectacularly successful (Carruthers 
et al., 2008).  By fall 2009, populations released 
near Lovelock and Schurz, NV had coalesced and 
defoliated the SC along 550 stream km in NV, which 
is nearly all the SC in that state (Jeff Knight, NV Dept. 
Agric., personal comm.).  Also, the Chilik beetles 
released in 2001 near Delta, UT, had defoliated 
about 80 km of SC along the Sevier River and were 
redistributed to several other sites in Utah in August 
2005.  Those released along the Colorado River near 
Moab, UT had defoliated a total of about 2,400 stream 
km by fall 2010:  to Lake Powell, and into western 
CO along the Delores River and along the Green 
River to Dinosaur National Monument (Jamison, 
2010); along the San Juan River, UT into NW NM 
and to Navajo Lake by Autumn 2011 (Thompson, 
personal comm.), then probably along the Jemez 
River 200 km to Algodones (35.4º N) on the Rio 
Grande 37 km N of Albuquerque (DeLoach, personal 
obs.).  In many areas of CO, native willows have 
increased and the beetles defoliate the SC annually, 
keeping it suppressed.  A different redistribution 
near Saint George, UT (probably in 2006 but 
under unknown circumstances), has defoliated 
SC along the Virgin River for about 150 km in SW 
Utah and NW Arizona (Bean, personal comm.).  
      Releases of the Fukang beetles near Pueblo, CO 
and Lovell, WY in 2001 have been less successful 
but are established, spreading, and still may have 
the potential for rapid increase and control (D. 
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Eberts, Bureau Reclamation, Denver, personal 
comm.).  Those released near Pueblo, by 2011 had 
dispersed upstream along the Arkansas River to 
Cañon (Bean, personal comm.).  Those along the 
Bighorn River near Lovell by 2007 had defoliated 
95% of the SC along 50 river km; in Montana, 
repeated releases of several thousand beetles from 
Lovell have failed to establish at Lake Fort Peck, 
probably because of flooding around the lake (D. 
Kazmer, J. Gaskin, K. Delaney, personal comm.).  
 
Releases in North and Central Texas
  

The D. carinulata (Fukang) beetles (adapted to 
long northern daylength were released at Seymour, 
TX (33.7º N) but were not adapted to the short and 
decreasing summer daylength after June (a sign of 
approaching winter), which caused premature entry 
into diapause  in July, and failed to overwinter or 
establish (Lewis et al., 2003b,  Milbrath et al., 2007,  
Bean et al., 2007).  Beginning in September 2001, 
more southern D. elongata  beetles (adapted to 
shorter summer daylength) were collected in Greece 
by Carruthers and Kashefi (the ARS cooperator 
there). Sobhian and Kirk (ARS European Biological 
Control Laboratory, Montpellier, France) collected 
D. carinata from Uzbekistan and D. sublineata from 
Tunisia.  In 2003, FWS allowed unrestricted releases 
of Diorhabda in Texas but only at the original release 
sites in other states; however, state or private workers 
could make intrastate releases within their own state 
except for restrictions by FWS near critical habitat 
for endangered species.  

All four Diorhabda species had been released in 
Texas by 2009, at a total of about 64 sites.  On 22 April 
2004, one of us (DeLoach) released 28 Crete adults, 
after they overwintered in on-site nursery cages, 
along Beals Creek near Big Spring, that defoliated 
two SC bushes by mid-June, and another 2,200 adults 
were released by September.  ARS (DeLoach with 
technicians Tracy, Robbins and summer students) 
conducted detailed weekly or biweekly monitoring 
of the beetles and SC damage along transects of 200 
m in 2005 to 9.5 km in 2009.    These Crete beetles 
defoliated 70-98% of the SC stand two or three times 
annually – 1 ha by October 2005, 10 ha in 2006, 20 
ha plus 3 km along Beals Creek in 2007, and 60 ha 
along 4 km of the creek plus 10 satellite colonies over 
a 10×23 km area by October 2008.  During 2009, the 

Crete beetles produced large populations from late 
May that began rapid, large scale dispersal that by 
August extended for 56 km and defoliated nearly all 
the SC along Beals Creek plus numerous outlying 
satellite colonies.  By 2010, defoliation extended 
for 125 km along Beals Creek west to Mustang, 
Buzzard, and Silver Spring draws, to Stanton town, 
and along the Colorado River from Lake Thomas 
(with gaps) east to Colorado City.  After 3 years of 
twice annual defoliation (2005-2007), canopy cover 
and green biomass of SC had been reduced by 85-
95%, and about 20 to 25% of the trees had died.  
The local grasses and forbs revegetated naturally 
and abundantly, usually within 1 year after canopy 
defoliation.  

Starting in 2006, two of us (Knutson and Muegge) 
began an implementation program to redistribute the 
Crete beetles in western Texas watersheds to more 
rapidly expand the area of control and to develop 
improved methods of release.  Only 10% established 
when 300 beetles were released per site, but ant 
control plus releasing large numbers increased 
success to 80%.  During 2008, they developed an 
insecticide baiting material that was very effective in 
controlling predaceous ants in the field and allowed 
a 10-fold increase in Diorhabda populations that 
could be released from the field cages.   The large 
beetle populations then overwhelmed the ants (and 
other predators), spread rapidly and defoliated the 
SC.  This method then was used routinely at new 
release sites.  Several redistributions where 10,000 
to 20,000 beetles were released rapidly produced 
large populations that defoliated several trees the 
first year, then several ha afterward.  In 2009, about 
340,000 adults were collected from the Big Spring 
area and released mostly in the Colorado River 
watershed.  Releases along the Pecos River in 2006 
had defoliated 29 stream km by 2010.  Tunisian 
beetles also were released at a different location 
along the Pecos in 2010, and only those could be 
found after the February 2011 freeze.

In north Texas, D. elongata from Posidi, Greece 
were released along the Canadian River in 2003 and 
the Uzbek beetles in 2005 by one of us (Michels), 
and along the Wichita and Pease Rivers (Knutson) in 
2008.  They increased rapidly and defoliated 0.5 to 1.0 
ha on these rivers, then declined, and did not survive 
the 2011 freeze.  However, releases of Crete beetles at 
White River Lake (70 km E of Lubbock) by Knutson 
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in 2009 had established by 2010 and survived the 
2011 cold.  The Fukang beetles (that had failed to 
establish at Seymour, TX in 2001) were obtained 
from Pueblo, CO and released in June 2009 near Lake 
Meredith north of Amarillo, TX but did not establish. 
The Kazak beetles from northern NM have adapted 
to shorter day lengths and now may be the most 
promising for north Texas, if or when the ongoing 
APHIS moratorium is lifted on new releases, related 
to transient impacts of SC defoliation on the federally 
endangered bird, the southwestern willow flycatcher 
(Empidonax trailii extimus) near St. George, UT. 

Releases along the Rio Grande,  
West Texas
  

The Rio Grande valley from old Ft. Quitman (115 
km downstream from El Paso) through Big Bend 
National Park (BBNP), including the “Forgotten 
River” area from Ft. Quitman to Presidio, contains 
the largest SC stands in Texas and probably the 
second largest in the USA.  After several meetings 
with Mexican scientists, caged overwintering tests 
were made of the Crete, Uzbek and Tunisian beetles 
species along the Rio Grande from October 2006 to 
May 2007.  Only the Crete beetles were released from 
field cages by three of us (Fain, Donet, DeLoach) on 
five private ranches from 21-76 km upstream from 
Presidio to Candelaria on 29 June 2007.  At first, they 
defoliated 10-100 trees per site but survived only 1-2 
years at only three of the sites.  In September 2009, 
11,000 Crete adults from Big Spring were released 
at each of two of these sites.  These defoliated 
several small to medium-sized trees but since have 
maintained only a weak population.

The D. sublineata beetles from Tunisia were 
shipped to quarantine at Temple, TX, and then to 
two of us (Thompson and Bean) for heat treatment 
to destroy a Nosema pathogen in the beetles.  They 
were released in three nursery cages at Ruidosa (58 
km upstream from Presidio) by one of us (Ritzi) 
and Andrew Berezin (also SRSU) from October 
2008.  They increased greatly by spring and were 
released from the cages on 19 May 2009, and rapidly 
defoliated about 1 ha of SC.  Adults were placed in 
cages on a private ranch at Alamito Creek (10 km 
below Presidio), and in Big Bend Ranch State Park 
(BBRSP) at Madera Canyon (59 km) and Lajitas (78 

km) downstream from Presidio in June 2009 by park 
personnel with ARS cooperation.  They defoliated 2 
ha at Alamito Creek and a few trees at the other sites 
by October 2009.  

The Ruidosa site burned in a wildfire in March 
2010, destroying all the beetles, but populations 
at Alamito Creek, Madera Canyon and Lajitas 
continued  increasing rapidly.  Redistributions of 
Tunisian beetles from Alamito Creek were made on 
1-4 June 2010 at three additional sites downstream to 
Lajitas.  Upstream, beetles were released at four sites 
from 21 km to78 km NW of Presidio to Candelaria 
by Ritzi, DeLoach and Donet on 16 June 2010 before 
the moratorium on further releases was imposed 
by APHIS and FWS on 10 July 2010.  SC trees from 
Alamito Creek to Lajitas near the river were very 
large (to 10-12 m tall, up to 0.5 m trunk diameter).  
During 2010, the Tunisian beetles at nearly all the 
sites increased rapidly and the defoliation coalesced 
among several sites during the summer.

In BBNP in 2010, two of us (Knutson and 
Muegge) together with Joe Sirotnak (Botanist, 
BBNP) established the Crete beetles at Santa Elena 
Canyon, which by 2011 have dispersed ca. 8 km 
downstream along the Rio Grande.  The Tunisian 
beetles were established at the Gravel Pit site (164 
stream km) and at the private Adams Ranch (203 
km) downstream from Presidio and just beyond 
BBNP. By late September 2011, they had defoliated 
most of the SC for 27 km along the Rio Grande from 
Boquillas to Mariscal Canyons and at the Adams 
Ranch.  

During the population pulse of 2010, the beetles 
moved rapidly out from the release sites, and by late 
August had defoliated most of the SC from Alamito 
Creek upstream to Ruidosa and downstream to 
Lajitas, a total of about 130 km with only a few gaps 
left untouched.   Beetle defoliation was seen on 
the Mexican side of the river near Alamito Creek 
in March 2010, and mirrored the movement and 
spread of beetles on the US side of the river.

Large athel trees have been used for many years as 
shade around houses and as windbreaks in the warm 
southwestern US and northern Mexico.  Clumps of 
large athels also grew along TX Highway 170 and 
were common (but less than 10% of the shade trees) 
in Presidio.  Until mid-August, no damage had been 
seen on athel.  However, by 24 August, with nearly 
100% of the SC defoliated for a long distance, the 
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hungry adults left the SC, flew to nearby green athel 
trees only a few meters or a few blocks away, and 
defoliated almost all athel trees in Presidio, Ojinaga, 
and downstream along Hwy. 170.  This caused great 
concern among residents in Presidio and especially in 
Mexico.  An intensive sampling program was begun 
by Anne Marie Hilscher (SRSU) and two of us (Ritzi 
and Moran). Also, Don Grossman (Texas Forest 
Service, College Station, TX) initiated experimental 
chemical treatments of athel trees that protect them 
from the beetles.  By mid-October 2010 most of the 
athel trees had refoliated to 90-95% of the original 
green canopy.  This transient defoliation of athels 
was a “spillover” event (sometimes seen in other 
biological control of weeds projects, but usually not 
seen again after the first year).

In mid-February 2011, after an extremely dry 
year, the Big Spring area, the Pecos River, and the 
western Rio Grande, TX experienced 3 days of very 
warm weather (29º to 32°C), followed by record 
cold temperatures for 4 days (lows of  -7º to -16ºC). 
This killed 95-100% of the canopies of athel trees.  
The beetles in 2010 had not yet dispersed upstream 
beyond Ruidosa, but the athels there were killed back 
the same as athels with beetles plus freeze damage 
near Presidio, demonstrating that the athel dieback 
during 2011 was caused by the freeze, regardless 
of presence of the beetles.  During 2011, the beetle 
populations were large along the river, again causing 
heavy defoliation of SC.  The recovery of athel was 
demonstrated by shoots emerging from the base 
on the trunks or from a few large branches. Beetle 
populations on athel were tolerable and not causing 
notable defoliation or damage through September 
2011.

The above information indicates that the 
introduced Diorhabda beetles can provide 
spectacular control of SC in large areas, but not 
yet in all areas, of the western USA.  Also, we 
have learned much about their behavior and 
field ecology.  No non-target feeding has been 
seen on any other plant species, although minor 
spillover damage from adult feeding may occur on 
Frankenia salina in California if nearby saltcedar 
is damaged.  Increasing growth and abundance 
of willows and other native plants have been seen 
at several locations after saltcedar defoliation. 

Additional Information Needed

1. How far and how rapidly will the beetles 
disperse and defoliate SC across the 
southwestern USA?  From 2005 to 
September 2011, the Chilik beetles have 
moved about 240 km south of their 
presumed 38º lat. limit to Algodones on the 
Rio Grande, NM and the Tunisians have 
moved upstream from Alamito Creek 85 
km to Candelaria toward El Paso.  Will they 
meet along the Rio Grande, NM or will 
they be restricted by day length/climate?

2.  Are additional natural enemies from Asia 
(such as stem or foliage-galling insects 
under study in Kazakhstan) needed to 
control SC in the northwestern tier of US 
states?

3. Will the Tunisian beetles establish on the 
Tamarix hybrids along the Texas coast?

4. Why do the Tunisian and Chilik beetles 
appear to provide more rapid control than 
the Crete beetles?

5. What will happen genetically when the 
Chilik, Crete, and/or Tunisian beetles 
meet?

6. What will be the effect of SC/BC on native 
plant and animal commnities in relation to 
environmental and economic interests?

7. What will be the effect of SC/BC on 
survival and reproductive rate of the 
endangered southwestern willow flycatcher 
and the 40 other T & E plant and animal 
species harmed by SC?

8. Will feeding on athel decrease in the future 
(as in other BC examples of “spillover”) and 
cause little damage?

9. What will be the effect of SC/BC in 
Mexico? 

__________

aThe section on saltcedar biological control vs south-
western willow flycatcher habitat in the oral presenta-
tion at this symposium will be published elsewhere.
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