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Use of the chlorinated hydrecarban insecticide lindane to
control bark beetles 1s controversial. Differences of optnion
persist, even among knowledgeable entomologists, on whether use
is justified in view of porentially harmful side effects.
Effectiveness of lindane treatments, as employed in preventing
tree mortality from bark beetles, is also in question. In
seven papers, relevant information from many sources [s reviewed
by investigators who hold divergent views, The papers present
data on the biclogical characteristics of lindane, Its persistence
in the environment and effects on both rarget and nontarget
organisms. The place of lindane in a spectrum of forest manage-
ment alternatives is presented together with arguments both for
and against its continued use.
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PREFACE

The use of pesticides in resource manage-
meént 1s a highly controversial issue. Argue-
ments on the subject appear almost daily in
technical journals, in the press, and in the
proceedings of legislative bodies. Even well-
informed persons do not agree on the best poli-
vy to follow, Meanwhile, pest manaogement deci-
sions are required on a day-to-day basis.

The use of chlorinated hydrocarbon pesti-
¢ides, because of their persistence in the en-
vironment, has been particularly controversial.
In November 1969, the Marak Commission on Pest-
icides and Their Relationship to Envirommental
Health recommended that the use of c¢hlorinated
hydrocarbon insecticides, including lindane,
be restricted to essential purposes and be re-
placed by safer aiternatives whenever possible.
The ), 5. Department of Agriculture invited sub-
mission of views on the proposed restrictions
(Federal Register, vol. 35, no. 148). Dr. Ralph
C. Hall, then Chairman of the Californin Forest
Pest Control Action Council2/ drafted a brief
in support of continued use of lindane to con-
trol bark beetles in Californla forests. This
statemcnt was approved by the Executive Commit-
tee of the Council on October 22, 1970, and for-
warded to the Director of the Pesticide Regula-
tion Division of the Agricultural Research Ser-
vice.

74 The name “lindune"” strictly denotes the pam-
ma isomer of benzene hexachloride (BHC). As
broadly used in this publication, “lindane" may
refer either to the pure gamma isomer or to the
pnmmn isomer content of a mixture of BHC i1somers.
2 The California Forest Pest Control Action
Council was formed in 1951 in recognition of the
need for close cooperation among land managers
concerned with forest pest problems. Primarily
an advisory and coordinating group, the Council
sponsors a Statewide cooperative forest pest de-
tection survey; publishes an annual report of
forest pest conditions) studies, endorses, and
supports desirable pest control actions; reviews
control needs and programs) and provides 4 for-
um for the exchange of pest control information.
The California State Board of Forestry has des-
ignated the Council as i1ts official advisory
group for forest insect, disease, and znimaj
problems.

When the Insect Commitiee of the Councll
next met on November 18, some members objected
te the content of the brief, and to the lack of
consultation with the Inscct Committee in its
preparation. A resolution stating that the In-
sect Committee was mot in support of the Execu-
tive Committes was passed and presented at the
meeting of the full Council the following day.
The resolution was tabled by the full Council
on the grounds that too little time was avail-
able 10 discuss the issue properly,

A speclal meating of the Insect Committee
was held on February 3, 16971, to discuss the
issue. Reports presenting both sides of the
controversy and bringing together relevant in-
formation from scattered sources had been pre-
pared by members of the Insect Committee. These
reports were dlstributed te the members before
the meeting so that those participating in the
discussion were well informed on both sides of
the tssue and prepared to question or defend
specific points of fuct or opinion.

After & full day of discussion, the pro-
posed resalution denying support to the recom-
mendation of continued use of lindane was de-
feared by a vore of 21-20. An alternative re-
solution recommending the ¢ontinued registration
of lindane for control of hark beetles, wood
borers, powder post beetles, ambrosia bectles,
and termites, when noninsecticidal alternatives
for control are not suitable, was then passed
by a vote of 21-18. The full Council approved
this resolution at its next regular meeting,
November 1971,

In response to these proceedings, compre-
heniive tests were made to find alternatives for
lindane against western bark beetles. The re-
sults, now in manuscript form, show that Dursban
and Sevin are effective, though generally not
comparable to lindane, in preventing atrtacks,
and could be considered for use under certain
conditions. Registration of these chemicals for
use against bark beetles is expected in the near
future.

The continuing demand for the reports pre-
pared for the February 1971 Insect Committee
meeting has promptled their publication here.
They served as the busis of another brief sup-
porting continued registration of lindane (sub-
mitted by the Council to the U, §. Environmental



frotection Agency in May 1972) and a minority
report opposing continued use of lindane (sub-
mitted in February 1974). As of the date of
thi< publicatioen, lindane registration remains
in effect.

This account of the Council's role in the
lindane controversy is necessiarily brief. Con-
siderable interest has been shown in the pro-
cess by which the Councl] handled the controver-
sy, Therefore, detalls of the discussions, in-
cluding copies of the various briefs, resolu-

tions, and minutes of the meetings, are avail-
able on request to the Project Leader, Forest

Insect Resecarch, Pacific Southwest Forest and

Range Experiment Station, P. 0. Box 245, Rerk-
cley. CA DATOL,

Trade names and commercial enterprises or
products are mentioned solely for information.
No endorsement by the 1. 5. Department of Agri-
culture is implied.



Biological Characteristics of Lindane

Thomas W, Koerber

Abgrrger--Lindane is an effective insccticide
against bark beerles. It is equally toxic to nontarget
insects but much less toxic to mammals, birds, and
plants. It is moderately stable in soil and bark,
but animals and bacteria rapidly metabolize 1t to
nontoxic products, thus preventing significant con-
centration in living animals and movement ir food

chains,

The biological properties of a chemical
determine how it will affect the organisms that
contact it, and how it will behave in the cco-
svstem. The differences in biological prover-
ties between chemicals dictate the differences
in their behavior as toxicants and as environ-
mental pollutants.

1 consider the properties of an idesl
insecticide to be these:

It must be highly effective against the
target organism, so that a small dose will pro-
duce the desired effect.

It should be nonpersistent under field
conditions, Tapidly decomposing to nontoxic
materials, unless persistence is required to
meet the objeczives of its use.

It should be immobile, not eusily ex-
ported from the place of applicatlion either by
physical means or in food chains.

It should be reasonably safe and not
unpleasant to handle.

It should have solubility and stability
churscteristics that do not require exotic
solvents, adjuvants, special mixing or appli-

cation equipment, or special storage conditions.

Let us consider lindane in relation to the
tdeal insecticide.
Effearivenans—-Lindane's toxicity to
various bark bectles has been investigated
in inboratory studies by Lyon (1859). He
reported contact gy values of 7.3 mg/kg
for feudrocionud ponderogsae (monticolse) Hopk.,
and 0.63 mg/kg for Se.lytus ventralia Led. In
this serles of tests, endrin and dieldrin were
somewhat more toxic and DDT much less toxle to
. brepisomie Lec. In more tecent tests [Lyon

1971), lindane had an LDgg of 0.32 mg/kg for

Ips paraconesue Lanier. Several materials,
including Zectran, Dichlorovos, Enosulfan, and
malathion were as toxic or more toxic than lin-
dane when npplied topically to I. brevicomis.
Lindane 14 equally eoffective agalnst other linsects.
Reported LDgy values for various species are in

the range of 2 to 5 mg/kg (O'Brien 1967).

Nontarger toxtoity--The contact roxicity to
rats (LDgg) is reported to be 900 to 1000 mg/kg,
and the acure oral Lbsg is 88 to 91 mg/kg. Rats
fed on a diet containing 10 p/m for 12 months
suffored no {11 effects (Martin 1968). The acute
oral LDgy for ducks is reported to be greater than
2000 mg/kg (Tucker and Crabtree 1970), suggesting
that lindune is less toxic to birds than mammals.

Upon entrance into an animal body, lindape
is distributed to various organs and fissucs,
it has been found in the blood, liver, spleen,
adrenal glands, muscle tissues, brain, kidneys,
and far of treared animals. Storage is greatest
in fat, although it is also deposited in the liver
and kidneys. Lindane is deposited in tissue lipuds
at the same concentration as contained in the
diet (Counc. Pharm. Chem. AMA 1951},

Menzie (1966) summarlzes the availuble duta
(much of it in foreign languages) on the metabo-
lism of lindane in animals, There |5 substantial
agreement that [indane, given by several routes
to varicus experimental animals, 1< broken down
to trichlorophennls or 1,2,4-trichlorobenzene
and excreted mainly in the urine. These com-
pounds are nontoxic and water soluble. In
several studies, experimental animals metabo-
l1zed and excreted doses as high as 100 mg/kg 1in
2 to 3 weeks, Parke (1968) quotes a metabolism
rate of 5 ro 10 percent of the administered
doie of lindane per day in rats,



Grover and Sims (1965) investigated the
metabolism of lindane by admnisrering dU-sg/hg
doses of lindane to rats by intraperitonecal in-
jection every othey day. They found the lindane
wiis metabolized to 2,3,5- and 2,4 ,5-trichliora-
phenol, which were excreted In the urine,

Because of its minimal storapge In animal
bodies and rapid elimination, lindane has not
caused serjous chronle toxiclty problems in
animals oxposed to concentrations used in pest
control operations. Rats fed on a dier contain-
ing 10 p/m for a year suffered no i1l c¢ffects
(Martin 1968). lowever, the Council on Pharmacy
and Chemistry, AMA (1951) reports liver degen-
eration and nutritional disturbances in dogs
exposed over a long period of time.

Gakstatter and Weiss (1907) exposed four
species of fish to water containing 0.03 p/m
lindanc. Two days after termination of expo-
sure, the fish had eliminated 90 percent of the
lindane they had accumulated.

According to Sternberg and Kearns (1954),
houseflies receivihg sublethal doses of lindane
metabolize it to pentachiorocyclohexene. The
concentration of pentachlorocyclohexene rises
for 2 hours after treatment, then levels off,
indicating that it 1s being further metabolized.
Grover and Sims (1865) suggest that lindane
metabolism proceeds via pentachlorocyclohex-1-
ene¢ "to trichlorophenols as it does in rats.

Lindane is also metabolized by at least
two common bacteria (Allan 1955). The bacteria
convert lindane te benzene, monochlerobenzene,
ond 1,2,3,5-tetrachlorobenzene.

Lindane is considered to be nonphytotoxic
ar Insecticidal dose levels, but high concen-
trations interfere with germination, suppress
growth, and reduce yields (Thomson 1967).

Pavgistence cwul srability--Lindane is much
more stable in soll than in living animals.
In o study in Wisconsin, Lichtenstein and
Shaltz (1959) applied lindane to a sandy loam
soll at a rate of 100 pownds per asre! Three
and one-half years later, they were gble to rte-
cover 23,2 percent of the originally applied
material. However. a bioassay showed only 10.7
percent of the eriginal level of toxiclity.
They concluded that half of the material re-
covered was actually an inactlve hredkdown
product of lindane, Lindane applied to pondero-
sa pine bark as a 2 percent oil solution re-
mained effective against two species of Den-
droctoniuz beetles for 3 years [Smith 1970),
indicatring the rate of breakdown and/or loss
of lindane from bark is probably no faster than
that teported for lindzne in soil.

Hamdling safety and convenience--Lindane
is o comparatively safe insecticide to handle.
The Council on Pharmacy and Chemistry, AMA (1951)
reperts an estimated acnte oral toxicity of 150
mg/kg for adult humans. (sbout 7% grams for an
average adult) based on results of attempted
sulcides and accidental ingestion. There is
evidence that inhalntien of lindane vapors from
thermal vapor dispensers has caused a fatal
bIpod disorder, aplastic anemia (Loge 1965).
Workers in mixing and formulaving operations
where they were expused to lindane dust suffered
dermatitis and irritation of the upper respira-
tory tract, eyes, and skin (Counc, Pharm, Chem.,
AMA 1851). There have been no reported problems
with lindane as used in forestry., Normal safery
procedures have been effective in protecting
personnel applying lindane,

Lindane has a higher vaper pressure than
the other chlorinated hydrocarbons, but normally
tt must be heated to relesse insecticidal con-
centrations in large volumes, as in o room.

It is almost odorless.

Lindane is stable to air, light, heat, and
carbon dioxide. It is not attacked by strong
aclds bur is dehydrothlerinated by alkali. [t
is not corrosive to common packaging materials
nor aifected by them. Thus it can be stored
for leng periods in uncoared metal containers
in ordinary warehouse facllities. It is scluble
in water to the extent of 10 p/m, and readily
seluble in acetone, aromatic, snd chlorinated
hydrocarbons (Martin 1968). It is casily form-
ulated as oil-based solutions, water emulsions,
and dusts,

Lindane is thus an effective insectlicide
against bark heetles, killing our common specics
at dosc levels of 0.32 to 7.3 mg/kg. It is
equally toxic to nontarget insects, but much
less toxic to nontavrget mammals, birds, and
plants. It is nonpersistent in wive. Insects,
wammals, Fish, and bacteria rapidly metabolize
it to nontoxic products which are quickly
excreted, Tt accumulates in fatr at the level
contained in the diet. The low sccumilation
potential, rogether with irs rapid breakdown
rate, would largely prevent it from moving in
food chains or accumulating in top predators,

It is moderately stable in soil and bark
but apparently resistant to removal from the
site of application by physical factors. It
is not especially hazardous or unpleasant to
handle o5 used in bark beetle control, but may
be 4 health hazard when dispensed by themmal
vaporizers. Excellent solubility and stability
characteristics permit easy formulation and
storage.



As compared with the ideal insecticide for
bark heetle control, lindane has two main flaws.
It 12 not as selective as might be desired, kiil-
ing other insects as readily as bark beetles; and
it is more persistent in bark and soil than is
strictly necessary. We partly compensate for
the lack of selectivity by restricting applica-
tion to portions of the bark of selected, indl-
vidual trees. Nevertheless. the broad-spectrum
activity of lindane means that parasites and pre-
daters in those trees are lost.

The quantity of lindane persisting in bark
could easily be reduced, The dura showing rhat
lipdane treatments are sthil effective 3 years
after application strongly supgest that we are
supplying more lindane than |s necessary to con-
trol beetles emerging from infested logs, Whar
is needed 1s perhaps 6 months of effectiveness,
rather than 3 years, Surely some more dilute
solution of lindane can be found o have that
period of effecriveness dAnd save money as well,

Lindane is probably not the best insecr-
icide presently available for bark beetles.
Several other insecticides, among them mala-
thion, are more toxic to hark beetles than lin-
dane (Lyon 1971). However, I feel that we
should not immediately substitute some other
insecticide, Candidate replucements for lin-
dane must first he field-tested. They should
also be judged by the standard of the ldeal
insecticide. Lindane, though certainly not
ideal, has some excellent propertlies of safery
and biodegradability. Any material considercd
to replace it should possess these properties
and, in addition, have fewer flaws. There is
little point in trading one set of undesirable
properties for another.

LITERATURE CITED

Allan, J.
1955. [Loss of biological efficiency of cartle-
dipping wash containing benzene hexachloride,
Nature 175: 1131-1132.

Council on Pharmacy and Chemistry of the American
Medical Association.
195]1. Toxic effects of benzene hexachloride
and its principal isomers. J. Amer. Med.
Assoc. 147(6): 571-574.

Gakstatter, J. H., and C. M. Weiss
1967, The uptake from water by Several species
of fish of DDT, dieldrin and lindane; their
tissue distribution and elimination rate.
Amer. Fish. Soc. Trans. 96: 301-306.

Grover, P. L., and P. Sims
1965. The wmetabolism of ¥ 2,3,4.5,6,
pentachlorocycichex-1-ene and Y hexachloro-
cyclohexane in rats. Biochem. J. 96(2):
521-525.

Lichtenstein, E. P., and K. N, Shultz

1959. Breakdown of lindane and sldrin in solls,
J. Econ., Entomol. S201): [18-124, L1lus.
Loge, J. P.
1965,  Aplastic anemia fellowing exposure to

benzene hexachloride (lindane). J. Amer.

Med Assoc. 193(2): 104-114.

Lyon, R. L.
1959, Toxicity of several residual type in-
secricides 1o selected western bark bestles,
J. fcon. Entomol. 52(2): 323-327.

Lyon, Robert L.

1971, Contact toxicity of 17 insecticides
applied topically to adult bark heetles.
USDA Forest Serv. Res. Note PSW-229, 3 p.
Ptlus., Pacific Southwest Forest and Range
Exp. Stn., Berkeley, Calif.

Martin, luberz, Ed,
1968. Pesticide manual 464 p., illus. British
Crop Proz. Counc., London.

Menzie, Calvin M.
1966, Metabolism of pesticides. U.S. Bep.
Interior Fish and Wildlife Serv., Spec. Scien.
Rep. 96, p. 34-37,

O'Brien, R. D,
1967. Insecticides: action and metvabolism.
383 p. Academic Press, New York, Londen.

Parke. Dennis V.
1968, The biochemistry of foreign compounds.
269 p. Pergamon Press, Oxford.

Smith, R. H.

1970. Length of effectiveness of lindane
against attacks by Dendroctonua hyapisomis
and 0. ponderesae in Callfornia. J. Econ.

Entomol. 63(4): 1180-1181, iltus.

Sternburg, James, and C. W. Kearns
1956, Pentachlorocyclohexene, an intermediate
in the metabolism of lindane by houseflies.
J. Econ. Entomol. 49(4): 548-522, illus.

Thomson, W, T.

1967. Agricultural chemicals. Book 1. In-
sectickdes., 365 p. Thompson Publ., Davis,
Calif.

Tucker, Richard K., and D. G. Crabtree
1970. Handbook of roxiclty of pesticides to
wildlife. U.S. Dep. Interior Fish and
Wildlife Serv. Resour. Publ., 84, 131 p.



Lindane Residues in the Environment

George T. Ferrell

Abatrant --Lindane residues have been found at low levels in

a varlety of crops,

animals, soils, and waters in the United
States, indicating that widespread contamination exists.

Lethal

or sublethal effects on wildlife have not been found and magni-
fication in food chains has been minimal, probably because of
lindane's relatively rapid breakdown and low tendency to be stored

in fat in living organisms.

Lindane 1s persistent in certuin

soils, however, and 1§ relatively volatile and water-scluble.
Heavy applications on 2 broad scale could result in severe envi-

ronmental contamination.

Lindane [gamma benzene hexachloride) is a
broad-spectrum insecticide used internationally
to protect apples and other fruits; beans, peas,
cole crops, cucurbits, tomatoes, and other ve-
getables; rice and other cereals; seeds; live-
stock; households; and logs and lumber. Lindane
production in the United States is substantial,
it amounted to 7.7, 3.4, and 1.8 million pounds
in 1961, 1962, and 1963, respectively (U. 5.
Dep. Health, Educ. and Welfare 1969). Large
amounts are also produced in Europe (statistics
unaval lable). Primary dependence is placed on
benzene heéxachloride for insect control on fruit
in Japan, India, and Algeria: rice in Asia and
South America; cereals in Indis, United Kingdom,
Mexleo, Africa, and Turkey;, vegetables in India,
Japan, Mexico, and Spain; supgar beets in [taly
and Turkey, sugarcane in Mexico, Australia, In-
dia, and Brazil; and 0il seeds (i.e.. sesame,
soybeans) In India and Japan.

The distribution, concentration, and suble-
thal effects of persistent organochlorine pest-
icides in global air, soil, water, and life is
of widespread concern. These residues are dif-
ficult to identify by gas-iiquid chromategraphy
(GLC), the nsual method, as many pollutants (in-
cluding nonpesticides like polychlorinated bi-
phenyls, used as plasticisers) have similar re-
tention times, Confirmation of lindane’s iden-
riry hy mass specrrometry 18 desirable but may
not have been 2 part of all studles cited in
this paper. A degree of skepticism regarding
these residue reports is therefore justified,
This paper i1s a3 brief review of present know-
ledge of the fate and effects of lindane resi-
dues.

AlR

The presence uf pesticides in air is a func-
tion of their ¢hemical nature, their physical
state, the method of application used, and the
atmospheric conditions during and after appli-
cation. Pesticides may be lost from air by
gravitational falloutr, rain washout, and degra-
dation by sunlight #nd chemical reactions.

Lindane in small droplets or thin films is
about four times more veolatile than DDT {Qurai-
shi 1970); its vapor pressure {4 about 60 times
that of DDT (Frear 1955). Organochlorine pest-
icides have had wide distribution in the global
atr system and have been detected even in the
mid-Atlantic¢ alr (Risebrough and others [968).
Rainwater collected over a 12-month periad at
seven widely distributed sites tn England always
contained traces of lindane (Tarrant and Tatton
1968}, as did 34 of 90 rainwater samples from
three sites in Ohio (Cohen and Pinkerton 1966).
The persistence of lindane in the atmosphere is
not known, but small parricles (theoretically
including lindane as small crystals adhering to
dust particles or water droplets) spend about 30
days in the atmosphere before belng washed out
by rain, whereas vapors generally stay aleft
about 2 to 4 months (Newell 1971),

WATER

Lindane's water selubility is about 10 p/m,
or about 50,000 times that of DOT (Frear 1955).
Pesticide monitoring of 20 rivers in western
North America, during 1965-66 (Brown and
Miskioka 1967), showed lindune ro be the most



frequently encountered pesticide (46 of 165 pos-
itive samples) but in 1967-68 it was much less
frequently encountered and spotty in dlstribu-
tion (Manigold and Schulze 1969), occurring in
18 samples in four rivers. Data on contaminatioen
of ground water were not available. The aver-
age concentration of lindane at the intakes from
take Michigan to two Chicago filtration plants
in April 1969 was 0.015 p/b, while DDT averaged
0.42 p/b (U. S. Dep. Health, Educ. and Welfare
1969). A sampling of many Califormia bays and
estuaries for organochlorines only infrequently
found Jindane contamination (Modin 1969). Data
on the persistence of lindane in water were not
found.

SOLL

The persistence of residues of a given pest-
icide in spil is n function of seil varisbles
such 85 texture, organic content, pH, and chem-
ical composition; ¢limatic factors such as rain-
fall and temperature; and characteristics of the
pesticide such as thermostability, solubilicy,
affinity for soil constituents, and biodegrad-
ability. In some seils lindane can persist for
many years, Annual disappearance rates have
varied from 16 percent (MacPhee and MacEachern
1960) to 36 percent (loam) (Allen and others
1954). Assuming a 20 percent annual disappear-
ance rate as average, the "half life" in soil
would be 3 years. Abour 3 percent of the lin-
dane originally applied would still he present
15 years after application, After application
of lindane three to five times per year for 15
vears (1953-68) at the rate of 1.5 Ib/acre/yr
to o light, sandy soil, the lindane content was
abour 1,8 Ib/acre (Yoerman and Besemey 1970),
Simitar npplicazions of DI resulted in 4.6 1b/
acre afrer 15 years. Concentrations of both
pesticides were belioved to have reached a
steady state. Evidence of biodegradation of
lindane in submerged agricultural soils (rice
paddies) was found. Less than 10 percent of
applied lindane was left after 90 days in unster-
tlized soils, whereas residues were much higher
when the s0il was sterilized (Raghu and MacRae
1966). Because of instability under high pH
conditions, lindane would likely break down
more vapidly in alkaline than acidle solls,
Codistillation of lindane and water vapor from
wWater surfaces and moist soil undoubtedly occurs,
but reports of determinations of this were not
found in the literature.

WILDLIFE

The persistence of pesticide residues in
living tissues is a function of the rate of up-
take, as determined by food habits, environmen-
tal contamination, and tissue storage; aml the
rate of loss, as determined by the rate of
merabolic breakdown and elimination in urine
and feces.

Residues of lindane in wildlife have been
widely found, especially in Europe, Hawks
found dead or Jdylng in the Netherlands had res-
idues of a number of organochlorines; |indane
concentrations were 3.2 to 17.7 p/m (brain)
and 89,3 p/m (mesenteric fat)(Keeman and van
Genderen 1966), The hlubber of a gray whale
washed up on a California beach contained 0.2
p/m lindane, 0.2 p/m DOT, and 0.5 p/m DDE (West
1964). indicaring river or air transport to ma-
rine environments. A survey of Irish wildlife
(Eades 1966), including cggs and a variety of
adult tissues of land 4nd sea birds, salmon and
trout, and one mammal (Foxhound), found a vari-
ety of organochlorine residues in al! samples.
Lindane was present in small amounts (0,015 to
0.67 p/m) in all birds examined. The foxhound
contained .32 to 0.72 p/mw; the fish, 0.1 to
0.30 p/m: and 311 eggs examined had trace amounts
of lindane (0.N04 to D.03 p/m). The contumina-
tion of sca hirds again indicated river or sir
transport of lindane to the sea,

Nationwide summer, fall, and winter collec-
tions of U,5. starlings from 106 sites found
lindane residues [0.005 to [.250 p/m) occurring
in summer at 4 sites, in fall st 17 sites, and
in winter at 84 sites (Martin 1960). The geo-
graphic distribution af lindane rtesidues was
widespread but showed little meaningful puttern.
Lindane was usually found in birds with the
highest fat content. Winter deposition of fat
combined with a seasonal shift to a more her-
bivorous diet pay explain the greaver lindane
residues at that season. A mationwide sampling
of mallard and black duck wings found lindane
residues at trace level (< 0.05 p/m) in only
Washington and Michigan, where lindane had heen
used for aphid control in apple and pear orchards
[Heuth 1969]),

A survey of herbivorous and carnmivorous
fishes collected at 50 locations throughout the
continental United States in 1967-68 found DDT
residues (ofton above ! p/m) in all but six of
590 fish samples [five of those lacking DDT were
collected at one station in Alaska) (Henderson
and others 1969). Lindane was found in 16 per-
cent of the samples, usually at concentrations
of less than 0.1 p/m. Lindane was not found
consistently at any sampling station over time,
45 were DOT and dieldrin,

In spite of very limited usage of lindane
in South Dakota, a survey of tissues from var-
ious big game populations throughout the State
found lindane vestdues in 15 percent of these
mammals in average concentrations of 0.04 p/m
(Greenwood and others 1967).

Nearly all (40 of 43 samples) adult tissues
and eggs of chinstrap penguins, brown skuas, and
blue-eyed shags, and livers of an fish (Vatotheria
ap.) collected on Signy Island near Antarctica



contained limdane at 0.091 o C.006 p/m, and
other organochlorine reswdues ur slyghely high-
er levels (Tatton and Buszicka 198671. Planktonic
Keill (Suplizesis spp. ), the major food of the
penguins, afse contained traces of these tosi-
dues, The c¢ollection site i5 located more than
1000 bm from South Amciica. Prevailong wind

find odcan currents wre frow Neew Zealand, 15,000
km distant. Contaminntion of Anturctic wildlife
tay from the nearest reglons af applicatian in-
dicates the global scope of the tranxport of
Pindane and other organochlorine residuss.

Although lindane residues are widespread in
wildlife, there is presently no evidence sug-
gesting 111 effects.  Lindane is not concen-
traved in Living orgonisss to the extent that
OOT and dieldrin are.  lLaborstory exposurs of
oystera (rllrer Feeders) to saley containing
organochlorines at 0.00! te 0,05 p/m for 10
days resulted in magnificarions in oyster ris-
swes of 17,000X for heptachlor, 15,000X fur DOT,
and 60X for lindane (Wilson 1966).

Intensive sampling of various components of
the aquatic ecosystem in Lake Poinsett in South
Dakota gave results (table |) indicating both
Iindane and DDT were concentrited to a greater
extent at higher trophic levels ln the food
chain, although the DDT accumilations in agquatic
Insects and fish were 333 and |2 times, respec-
tively. groater than those far iindane.  When
chickens were fed n diet containing 10 to 15 p/m
of various organochlorines for & days, residuex
were (detectable in body fat and egg yolk for 10
weeks for lindane, 17 wecks for DDT, and 26
weeks for dieldrin, heptachior epoxide, and DDE
(Stade lmun and others 1965).

Table 1--Distribution of restdues nnd concen-
tration factors (CF). Lake Poinsett, S.0.

Component [y CF PJEQDI[ CF
Warer 151070 i § x 107" 1
Bottom 4 4

sediment | 2 x 10 6.6 22 x 10 30
Plankton | 2x 1070 6.6 5x 107 I
Crayfish I x 1070 33 25 1070 25
Aquatle 3

insocts 1 x 10 33 .919 11,000
Fish 3x 1070 100 .100 1,200

“anrcel llannon dnd others 1970

Al thpugh lindane residues remder food re-
pellunt to muny species, pheasants gould be
conditioned to accept o Lindane-contaminated
diet by gradually increpsing the concentratlon,
At an average daily daetary antake of 87 p/m,
reproducs ive effects dure noted.  The dosced
birds exhibloed 4 slhight decrease in the num-
ber of epgs produced, and peak egg production
was delayed (Ash and Taylor 196d).  lLandane
voncentsations in the vges of the experimental
birds were 3.4 to 12,6 p/m and averaged 5 p/m
in wild birds. Upset of avian reproduct ion
ldelayed egg production or rhinned eggshells)
resulting from DDT residues has been found in
a numher of species ynd 18 thought ta be con-
tributing to rapid declines af certiln raprors
(Peakall 1370]. Lindane kas beep Tound 10 srim-
ulute (induce] hepatic microsomal enzymes wWhich
enhance the merabolism anid excretion uf steroid
hormones {Koransky and Portig 1962). Such ef-
fects are alzo prodaced by DOT and some other
organachlorine pesticides. The influence of
this upon avian reproduction is under current
investigation.

Experimental dicts containing lindane at
30 mg/hg of body welght/day for 30 days [30-day,
empirical. mimimum lethal dose, or 3U-day EMLD]
resulted in one or twe of siy mallavds dying,
hut morce than 2000 mg/kg/day werc requited to
kill three of six ducks (LDgp) within 14 days
{Tucker and Crabiree 1970]. An index of the
cumulntive toxicity effect of lindane may be
calculated: LDSD’SG-day EMLD - 2000/30 = o7,
The authors considered this effect highly cumu-
lative, even for un organochlorine. Similar
methods and calculations yielded indexes of 76
for dieldrin; 44,8, DBOT; 45, endrin: and 104,
uldrin., Some of these indexes are higher than
that of lindane, largely because nlthough they
have greater acute roxicity (lower Lbgg). they
also have higher cumulative action (lower EMLU),
than lindane. '

It iy well known that broad-spectrum pest-
fcides such as lindane disrupt the trophic re-
lationships within ccosystems by reducing the
abundance of nontarget inseets, thus reducing
the feod supply for insectivores. Insectan
predators and parasites of pest insects are also
destroyed, resulting in a disruption of biolo-
gical control of pest insects. [Experimental
concentrations of some organochlorine ipsecti-
¢ides in ambienr water can redice the pharo-
synthetic productivity of plankton, which lies
at the base of all food chuins 1n these envi-
ronments.  The ecologleal significance of this
effect 15 doubtful, however, as the chlorinated
hydrocarbons in natural aquatic enviromments
have never heen observed to reach the experi-
mental concentrations. Contrelled, 4-hour ex-
posure of phytoplankton to 1 p/m of aldrin,
chlordane, 00T, dieldrin, heptachlor, methoxy-
chlor, anl toxaphene reduced productivity by
70 to 94 percent, whereas endrin, lindane, and



mirex caused a 28 to 46 percent reduction
[Butler 1963).

Under conditions of heavy use of lindane,
the potential for Jdomage to wildlife exists.
At rates and amounts presently applied, how-
ever, no deleterious effects attributable to
lindane have as yoet been reported. French wor-
rers were unuble to find noteworthy changes in
the hird pojpulations of a 40-hecture pasture
and woodland treated in early spring with BHC
containing 10 percent lindane at 50 to 70 14/
were [Giban and Aubry 1956), Ne<t boxes for
tits had been installed in the woodland the
proceding winter. Reproduction, development
of young, and nesting moviallty were apparent-
ly noermal comparcd to contrel nest boxes.

In Russia, aerial dusting of field margins
and forest strips for protection of crops with
12 percent BHC did not appear to have negative
influence on the avifauna [Radochnilov 1951).

CONCLUS TONS

Lindane's relatively low acute toxicity
mokes it uniikely that wild birds or mammals
would suffer mortality from levels now used in
agriculture and forestry. Lindane's relatively
rapid breakdown In llving tissues into readily
excreted products of low texicrey and relatively
low tendency to se stored in fat and other tis-
sues moke magnifleation in food chains minjmal
at the levels used in the United States. How-
ever, lindane is persistent in certain solls
and 13 relatively volatile and water soluble.
If applied frequently in large amounts, it
could result in 3erious environmental contami-
nation. Of 29 articles in the Featicidea Mon-
Ceoring Jowmal for the period 1967-70 report-
ing residucs of organochlorine pesticides, 25
recorded lindane residues.  Although often at
low levels, these residues were encountered in
& wide variety of crops. amimals. soils, amd
water, indicating widespread contamination.

Since the 1940's, worldwide appllicarions af
DDT have excecded those of lindane by a thou-
sandfold. Greatly increased use of lindane, in
amounts approximating the quantities of DDT used
in the past, would llkely dumage the primary
productivity of aquatic environments and cause
increased enpvironmenzal contamination, which
could lecad to reproductive upsets im birds at
the top ends of “ood chains.
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Effectiveness of Lindane Against Bark Beetles and Wood Borers

Richard H. Smith

Abgerare=-<There is strong evidence in the literature
that lindane is effective as a remedial and preventive treat-
ment against many species of bark beetles: western pine,
mountiuin pine, black turpentine, southern pine, Douglas-fir,
and Engelmann spruce beetles, and several species of Jpg and

Soolytus.

spruce, and eim.

Hosts include slash, loblolly, ponderosa, sugar,
lodgepole, white, and red pines, and Douglas-fir,

Engelmann

Formulations range from 0.25 to 3.0 percent

as oil solution or aquegus emulsion; tested dosages range

from about 30 to 200 ft

of bark per gallon.

Insect popu-

lation reductions for the materials treated range from 80

to 100 percent.
years,

Prophylactic actlon persists for up to 3
Lindane is also effective apgainst cerambycid, buprestid,

and ambrosia beetles, as well as agalnst powder-post beetles,
old-house borers, and subterranean and nonsubterranean
termites: effects generally persist against this latter

group for 3 to 7 years,

The field effectiveness of lindane in con-
trolling bark beetles, borers, and other wood-
feeding insects has been widely studled. This
paper, though not an exhaustive review, covers
tests involving a wide variety of insects, hosts,
and formulations over a long period of time,
in widely separated areas. In every use, the
insecticide was closely restricted to narrowly
defined targets such as individual trees, logs,
and wood products. There were no broadcast
applications.

Tests for each species or group of bark
beetles can be divided into remedial and pre-
ventive types. In remedial tests, the insect-
ictde was applied to infested material and an
assessment of results was made from failure to
emerge and/or from reduced longevity or capa-
bility, such as boring and oviposition, afrer
emergence. In preventive tests the insecti-
cide was applied to uninfested trees or logs
which were then exposed to atrack after vary-
ing periods of time; effecriveness was measured
by the absence of attacks. Dosage was expressed
in various ways but most often as gallons per
square foot or as application to the point
of "wetness'" or “runoff'; these last two
measures can be converted g 1 gallon for
approximately 100 and 50 ft” of bark surface
respectively. Diesel o0il was the usual carrier
for oil solutions; aqueous emulsion was always
the form of emulsion used. Much of the carly

work was done with the gamma isomer of benzene
hexachloride, BHC; in these tests some of the
otheyr lsomers were present. More recent tests
used lindane, the pure gamma isomer. However,
lindane and BHC produce essentially the same
Tesults.

Some of the early testing of lindane with
bark beetles utilized a topical application
procedure; much of that work has been reviewed
by Lyon (1965). In his studies with western
pine beetle, mountain pine beetle, fir engraver,
and Ips engraver, he found lindane often superior
1o most other chlorinated hydrocarbons. He used
the term "uncommonly toxic" to sum up his find-
ings.

The review of test results is arranged by
insect species or commonly associgted groups
of insects. Under each insect, or group, the
resules are reported as either remedial tests
or preventive tests as defined above. Dosage,
unless otherwise specified, is for square feet
of bark. Brood reduction for remedial use is
measured by failure to emerge plus mortaliny
during the first 24 to 72 hours afrer emergence.
Effectivencss for preventive use is measured
by absence of attacks when compared with un-
treated material,



Western Pine Beetle
(Derdreetonua brapizomis Leg.)

Field tests were all made on penderosa
pine (Pinue pondercsa Laws.) in California.

Remedial

1. &2 percent brood reduction resulted
from 1.5 percent lindane in oil, presumably at
L gul/100 Ft2; spray was applied just before
the start of emergence (Lyon and Wickman 1960).

2. 87 to 99 percent hrood reduction re-
sulted from 1.5 percent lindane emulsion against
overwintering brood. Spray wds applied to wet-
ness 1 to 5 months before emergence. Varia-
tion in percent reduction was largely attrib-
utable to time of application (Lyen and Swain
1968) .

Preventive

l. 100 percent effectivencss was obtained
for 12 menths and 3 months with 2.5 percent
lindane in oil and lindane emulsion, respec-
tively, at 1 gal/SO 12 (Smith 1967).

2. 74 percent effectiveness was obtained
for 7 months with 1.3 percent lindane emulsion
applied to fire-damaged ponderosa pine; dosage
not given. Reduction in subsequent tree mor-
tality varled from 50 tol}uu percent, depending
on amount of fire damage— ; that is, some of
the more heavily fire-damaged trees which were
sprayed died, but at a much reduced percentage.

3. 99 percent effectiveness was obtained
for 36 months and 22 months by 2.0 percent lin-
dane oil and emulsion, respectively, at L gal/
50 fr? (Smith 1970},

Mounitain Pine Beetle

(I, ponderssas lopk.)
Field tests were made on both ponderosa

and lodgepole pine (2. zontorta Dougl.) in
California and on ponderosa in Colorado.

Remedial

1. 90 percent of the brood was killed in
lodgepole pine by 1.5 percent lindane in oil
applied 1 to several weeks before emergence,
presumably at 1 gal/100 ft?. Although some
trees were missed, the subsequent infestation
was reduced to 25 percent of its former level

1/ Swain, Kenneth M. 1968. Protecting pon-
derosa pine from bark beetle attack by use of

a lindane-water emulsion spray. Report on

file, USDA Forest Serv., California Region (R-5),
San Francisco. 13 p., illus.

on an 85~acrc plor (Wickman and Lyon 1902).
LIn an Infestation of this type, it is assumed
thatr the infestation level will be maintained
if not treated [Evenden and Glbson L3403 Stru-
ble and Jehnson 1055) J.

2. 92 and 97 percent brood reduction re-
sulted from 0.5 and 1.5 percent emulsion, redpec-
tively, applied to wetness about I months be-
fore emergence from ponderosa pines (Stevens
and Mitchell 1970).

Preventive

1. 100 percent effecriveness resulted
with 2.0 percent lindane oil solution for
36 months, and 9] percent with a 2.0 percent
emulsion for 22 months on ponderosa pine at
I gal/50 fi? (Smith 1970).

Black Turpentine Beetle
(8. terebrams [Oliv.])

_ Field tests were with slash pine (&
glifore{{ Engelm.) and loblolly pine (P. taeds

L.) in Florida, Mississippi, and Louisiana.
Remedial

1. B2 to 89 percent brood reduction was
obtained in slash pine stumps with 0.5 percent
BHC in oil, and 59 to 68 percent with 0.5 per-
cent BHC emulsion, when applied at ;!gaIKSD
ft? several weeks before emergence.=

2. Inconclusive results were obrained
on loblelly pine in Louisiana when a 1.0 per-
cent BHC o0il solution was applied to runoff to
l-month-old stumps in a 2000-acre cutting area.
Two-thirds of the area was treated; one-third
was untreated (Kucera and others 19703},

Preventive

1. 100 and 98 percent effectiveness was
obtained with 0.5 percent BHC in oil for 4
months and 7 months, respectively, on siash
pine at | gal/S0 fr?. About 10 percent of
untreated trees were attncke?,and killed: no
treated trees were attacked.=

Preventive and Remedial
1. 90 percent effectiveness was obtained

in reducing the incidence of attack on un-
treated, previously unattacked slash pine and

2/ Smith, R. H. 1956, Studies of the black
turpentine beetle (Dendroeronus terebrans
[01iv.]) in slzsh pine: 1952-1855. Final re-
port on file U.S. Forest Serv.,Southeastern
Forest Exp. Stn.., Asheville, N. C.. 75 p.,
illus.



75 to B0 percent effectiveness in reducing sub-
sequent tree mortality where troes were sprayed
within 1 month after belng attacked, with .0
percent BHC In ol ar 1 gal/se fu”; test was

miintained over an 18-month perlod (Smith 1958).

Southern Pine Beetle
(0. rrontalig 2¢m.)

Remedinl.

1. 97 percent brood reduction resulted
from both 1.0 percent BHC emulsion and 0.5 per-
cent BHC in oil applied to runoff to bark of
loblolly pine I to 12 weeks hefore emergence
in summer; 97 and 81 percent, respectlvely,
with the oil and emulsion applied 12 to 16
weeks hefore emergence In winter (Hennett and
Pickard 1966).

Engelmann Spruce Beetle
(0. rufipermiie Kirby)

Remedial.

1. 93 percent reduction in subsequent
attack capabilities was obtained with 0.5 per-
cent BHC emulsion; dosage was not stated but
was presumably between wetness amd runoff,
Effects were determined by individually caging
green logs with sprayed and unspraved Engelmann
spruce (Picea engelmarmii Parry) stumps in
Colorado and measuring subsequent ovipesition
(Massey and Wygant 1954).

Douglas-Fir Beetle
(D. pseudotsugae Hopk.]

Preventive.

1. 100 percent effectiveness over a 20-
week period was obtained with 200 mg/1 ft? of
lindane in oil applied to fresh-cut Douglas-fir
(Pzeudotsuga menziesii [Mirb.] Franco) logs.

As an emulsion or suspension, this same dosage
wias 100 percent effective for about 10 weeks
and 99 percent for 20 weeks (Rudinsky and
others 1960).

Ips Engraver Beetles
{ips spp.)
Remedial .

I. 100 percent brood reduction of Ips con-
Jusug Lec., the five-spined California engraver,
in ponderosa pine in California was obtained
with 1.5 percent lindane in oil (Lyon and
Wickman 1960).

2, 89 percent reduction in longevity of
emerged I. omfusue brood from ponderosa pine
and 84 percent from sugar pine was obtained
with 3.1 percent lindane {n oil in California.
In addition, there was 75 percent reduction in
emergence from ponderosa pine and 85 percent
from sugar pine (Stark and Borden 1965),

3. 98 to 99 percent reduction in emergence
of I. pini from red pine in Canada was obtained
by 0.5 percent emulsion sprayed ro runeff 4 to
5 weeks before emergence (Thomas 1870 .

Preventive on logs.

1. 99 percent effectiveness against [pe
spp. was obtalned for 4 weeks in Florida with
0.5 percent BHC emulsion at 0.4 gal/100 ft? of
longleaf pine (P. palustriz Mill,) and loblolly
pine logs (Hetrick and Moses 1953),

2. 90 to 100 percent reduction in egg
gallery length of I, lecontei 5w. was obtained
in ponderosa pine in Arizona by ! percent lin-
dane emulsion, B85 percent reduction with 0.5
percent, and practically no reduction by 0.25
percent (Ostmark 15069).

3. 100 percent effectiveness was obrained
against I. pfnl (Say) in red pine (& resincsa
Ait.) with a 0.5 percent !indane emulsion appliecd
to runoff a week before emergence of brood 1in
the area (Thomas 1970).

Scolytus Engraver Beetles
(Sociytus spp-J

Remedial.

1. 85 and 94 percent reduction in emer-
gence of &, multiatriafus Marsh. was obtained
with 0.5 and 1.0 percent lindane emulsion. re-
spectively; spray was applied to runoff to
American elm (UImua americana L.) in Connect-
fcut in early spring. A late spring rest showed
anly 78 and 72 percent (Doane 1958b).

Preventive.

1. 96 and 84 percent reduction in the
feeding activity assoclated with disease trans-
mission at 4 and 13 weeks, respectively, was
obtained agalnst 5, muleiarriatus with 1 per-
cent lindane emulsion applied to runoff to
American elm; D.5 percent was ineffective
(Doane 1958a).

Ambrosia Beetles
All tests were preventive on logs.

1. 60 to 100 percent effectiveness was
obtained with 0.25 percent BHC oil on southern
hardwoods. Insecticide was applied as an instant
dip, which is comparable to runoff; Xylaborus
affinie Eich. and Platypuo compovttua Say were
the most common beetles (Kowal 1949),

2. Highly effective prorection was obtained
for 3 to 4 months with 0.5 percent BHC oil at
1 gal/100 fr? on southern hardwoods {Johnston
1952).



3. 95 to 100 percent protection was ob-
tained with any concentratlon greater than 0.1
percent BHC of either oil or emulsion, dosage
not given, on red and white pines (7. etrobue
L.) in Massachusetts. Sprays were applied in
the spring and exposed to attack unzil auvtumn
(Becker 19585).

4. 100 percent protection for 20 weecks
was obtained with 200 mg/ft? of Douglas-fir
bark, as an o1l. As an emulsion or suspension,
the same dosage was 100 percent effective at
8 to 10 weeks and 99+ percent at 20 weeks
(Rudinsky and others 1960).

Borers
{Buprestidae and Cerambycidae)

Remedial.

1. 99 percent brood reduction of Meliazno—
phila ealifornioq Vap Dyke was obtained with
1.5 percent lindane in 0il appiied to wetness
to Jeffrey pine (P. jeffreyt Grev. § Balf.)
from 1 to 6 months prior to emergence; lag
time between treatment and emergence had no
effect on results (Swain and Wickman 1967).

Preventive.

1. 99+ percent effectiveness was ohtained
against cerambycids for 4 weeks on cut logs of
slash, lobleolly, and longleaf pine with 0.5
percent BHC emulsion st 0.4 gal/100 ft? of bark
(Hetrick and Moses 1953).

2. 100 percent effectiveness was obtained
against cerambycids on logs of red and white
pine with > 0.1 percent emulsion BHC; there was
95 percent effectiveness with 0.1 percent but
a rapid dropoff with concentration below 0.1
percent; dosage not given. Spraying decks of
logs was slightly less effective (Becker 1955).

3. 100 percent effectiveness against
buprestids was obtained for 20 weeks with lin-
dane in oil at 200 mg/fr® of cut logs of Douglas-
fir (Rudinsky and others 1960).

Miscellaneous
Wood Feeders

In all tests except those for subterranean
termites, in which soll treatments were used,
lindane was applied as a preventive spray or
dip to wood.

I. 100 percent effectiveness was obtained
against a powder post beetle (Lyctus planiecollia
Lec.) for 3% years--the length of the test--
with a 0.5 percent BHC oil dip on scasoned oak
and hickory; an emulsion was about equally
effective when applied to seasoning wood
(Johnston and others 1955).
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2. 100 percent c¢ffectiveness was obtained
against subterrancan termites for 6 years with
& 0.4 percent BHC oil applied at the rate of
2% gal/10 £t? of soil In Mississippi: 70 percent
effectiveness was obtained at 9 years (Johnston
1958).

3. Llindane at 0.5 percent in oil as a
brush or spray is recommended for preventiocn
of old-house borer attacks (Hyleotrupes badulus
L.} (McIntyre 1961).

4. BHC at 0.4 percent in oil is recom-
mended for remedy of drywood termite infesta-
tions (Snyder 1950).
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Lindane: An Undesirable Approach to Bark Beetle Control

Donald L. Dahlsten

Abstmaet--Bark beetles have been of concern to foresters for

many Years.

Although much effort has been made, direct control
of beetle populations has not been demonstrated.

L.indane has

been shown to be capable of efficiently killing beetles, but pop-

ulation control on an area-wide basis has never been shown,

it

is not economical compared to saniration logging, and its side

effects on the natural enemies of bark beetles are unknown.

Dir-

ect control of bark beetles using lindane is potentially an eco-

logicnlly unncceptable procedure.

The most environmentally

sound procedures for bark beetle control appear to be improved

stand management and sanitation salvage-logging.

lindane should be discouraged.

Bark beetles are the most important forest
insects in California and, no doubt, in the
Western United States. Because these beetles
mass attack and kill individual trees, their
damage is readily seen, particularly when a
large outbreak occurs, Examples are the out-
break of the western pine beetle, Dandroctonug
brevisomis, in the Mother Lode region of Cali-
fornia in the early 1960's and that of the
spruce beetle, D. rufipencis, formerly known as
[, obssus, in Colarado from (941 to 1952. Rark
beetles, unlike defoliators, for example, nor
only ki1il the tree but also introduce a blue
stain fungus which stains the wood. This fun-
gus does not affect the structural quality of
the wood (Whiteside 1951), but the staining af-
fecrs marketability and there may be some dif-
ficulty in painting the stained timber.

WESTERN PINE BEETLE

Concern for control of the western pine

beetle has 3 long history (Miller and Keen 1960).

Attempis have been made recently to study the
population dynamics of the beetle and to cor-
relate tree loss with bectle numbers (Stark
1966; Stark and Dahlsten 1970). Even though
this insect has received much attention in the
past, # satlsfaclory control for this Leetle is
still being sought by many forest entomologists.
In California, for cxample, there is a large
cooperative effort aimed at control by means of
pheromones, The most commonly used strategy for
direct control with most bark beetle species is
with chemical insecticides: however, in Cali-
fornia an indirect sanitation-salvage approach
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The use of

has been used with U, Zrevicomis and J. Jeffreyd
in the east side pine type.

SANITATION-SALVAGE METHODS

Reduction of stand loss due to bark beetles
has been demonstrated by application of the Cal-
ifornia Risk Rating System or sanitation-sal-
vage logging (Keen 1943; Salman and Bongberg
1942). By critically analyzing individual trees
and removing those trees likely to be artiacKed
in these pine stands, bark beetlies were reduced
by 70 to 85 percent over a 10-year peviod
(Whiteside 1951). The stand volume was reduced
by 15 to 30 percent. This type of cutting can
be done at costs only slightly higher than the
usual utilization cutting. The technique is
applicable only to California east-side Sierra
forests, however.

The sapitation-salvage method was also
applied to recreation areas in southern Califor-
nia (Hall 1958). Hall tested the sanivation-
salvage method to reduce losses of ponderosa
and Jeffrey pines to bark beetles, principally
0. hpepiesmiz and D, jeffrey. However, the
Catifornia flatheaded bover, Melanophila
ealiformics, was present in hoth ponderosa
and Jeffrey pines, and the mounlaln pine beetle,
0, perderozae, in sugar and ponderosa pines.

The most interesting aspect of Hall's work was
the cost apnalysis. In 1950, 554 bectle-infested
trees were cut and burned in 4 control attempt
on 2600 acres, at a cost of $11,380, or approx-
imately $20 per tree. There was not enough
money available to treat the entire infested



arca. [(Even Lf the moncy were availoble, the
likel lhood of detecting every infested tree in
an ares ts remotve, nlthough detection and ac-
cessihility are easier in recreational areas
than in timber-producing areas.) In 1951, the
infestation continued at a high level: 1100
trees were detected on 6000 acres. Apparently
the previous year's control effores had little
or na effect. The cost In 1951 for felling and
burning was about §22,000. Hall suggested the
sanltarion-sialvage method, and a project was
initiated in October of 1953 that lasted Id
months. Approximately 5500 acres were treated.
After the treawment, the Forest Service main-
tained o year-round maintenance control. In-
fested trees were logged, and trees in inacces-
ible areas were felled and treared with ethylene
dibremide in oil.

A ¢lose analysis of the resulrs of this pro-
ject is quite startling. Losses for Z years be-
fore the sanitation-salvage treawment amounted
1o more than 200 beard feet per acre annually.
Unfortunately, c¢heck areas were not used; but
Hall felr that the annual loss in southern Cal-
ifornia could be assumed conservatively to be
in the neighborhood of at least 150 board feet
per acre. At this level, losses were reduced
by 92 percent in the first and 90 percent the
second year. A side henefit of the treatment
was the system of roads built during the oper-
atlon. which subsequently made possible the sal-
vage of B4 percent (71) of the infested trees
in the 1936 season. These infested trees were
sold at 2 nominal stumpage. (Hall never states
what nomina! gtumpage is!) A comment should be
made here vegarding the sale of beetle-killed
timber. These trees should be as marketable
and sell for the same stumpage as other trees
of the same species. A comparative study of the
value of the principal species at the rime they
were salvaged would be interesting, und also
critical to the development of sound control
practices.

During 1956, Hall reports, 14 infested trees
that could not be logged were treated ut a cost
near $280. This represents the total control
cost on 5500 acres. This is cheap for a con-
trol project, and if credit is taken for the 72
trees that were logged, 1t cost the Government
practically nothing. It appears that these re-
sults are at least as good as the results ob-
tained in northeastern California by Salman and
Bongberg (1942).

Dirvect control at §$20 per tree would have
cost close to $190,000. However, using an in-
direct method, sanitation-salvage, the Govern-
ment actually made aboutr $50,000 from the sale
of the harvested trees.

DIRECT CONTROL

Direct centrol of bark beetle populations
has never been demonstrated, Although Whiteside
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11951) states that 1t is possible to effect
drastic reductions in western pine beetle pop=~
ulations on a control area for one or mors
yeors, data to support this statement are lack-
ing or marginal, On the ather hand, he does
mention the high cost and the temporary nature
of the "“eontral. " Direct control in the past
consisted of the fell-peel-burn method, and la-
ter 4 chemical, ethylene Jibromide (EDR] was
used. Lindane, a chlorinated hydrocarbon, has
now replaced most other frestments., It was
shown to be effective in killing western pane
beetle and the Californta five-spined 1ps, [ps
paraconwenus (Lyon and Wickman 1960). In this
study, trees were felled and treated with 4 1.5
percent lindane-diesel oil spray. Spraved and
unsprayed bolts were brought inte the labera-
tory and put into cages with freshiy cut mater-
ial. This test showed that lindane, indeed,
would kill bark beetles. However, by caging
the treated logs it may be possihle to increase
insecticide efficacy. particularly if there is
any fumigant actlion of lindane. Treatment
costs were not included in this study, nor were
the number or kind of associated organisms re-
corded. The authors admit that it would bhe pre-
carious to extrapoalate from limited laboratory
observations that control was actunlly attained.

In another test of lindiane, this time
against 0. ponderasee in lodgepole pine in a
fairly isolated srand, Wickman and Lyon (1962)
found they could kill heetles; bur tree morta-
lity after treatment left something to be de-
sivted. As with the western pine beetle, the
effect of lindane on the beetles was tested by
caging treated and untreated bolts. They found
thut 90 percent of the beetles were Killed;
and, as in their previous study, no evaluation
wis mode of mortality of associuved organisms.
The actual loss reduction in this iselated
stand was 74 percent.  The authors conclude that
the insec¢ricide was effective bur that control
was not achlieved because of technical failures.

In attempting to find the source of these
failures, the authors found that 7 percent of
the infested trees were not spotted, but they
also state that a 10-rto-15 percent spotting er-
Tor was not uncommen. It must be remembered
that this was only an 8S-acre isolated stand.
[n much larger arcas with less cxperienced en-
tomologists or no entomologists at all, the
spetting error could be much, much higher,

The trees in this study were felled and
yackstrawed, so that the undersides would be
accessible to the spray. Normally, trees are
treated, then rolled, so that the underside can
he treated. This may explain why the control
cost in their study was so low. Another tech-
nical failure in this project was spray cover-
age: it was found that 22 percent of the bark
surface was left untreated. However, this was
calculated from only one bolt with 4,5 fr? of



bark surface. A 5 to 10 percent coverage er-
ror for the project was estimated. Some bee-
tles emerged through unsprayed bark, and others
emerged through sprayed bark and survived, The
90 percent mortality figure reported would pre-
sumably be lower were it not for caging. Thus,
a potential 12 to 27 percent of the population
could escape treatment, and for most projects
this is probably a low figure.

Wickman and Lyon (1962) state that the sup-
pression achieved in thelr control operation
compares favorably with results of other bark
heetle control programs in Callfornia. Miller
and Keen (1960) state that a 75 percent reduc-
tion in bheetle-caused losses after spraying Is
frequently the maximum atrained., The total
cost for control of the Wickman and Lyon (1962)
mountain pine beetle experiment was §4.31 per
tree, or §$15202.65, The authors say that this
is at least half as expensive as using penetra-
ting otl spravs (such as ethylene dibromide).
This cost fipure is so much lower than cost
flgures listed by Hall (1958) and Swain (1968)
that costs must have been determined inm a dif-
ferent manner, lHowever, Lyon (1959) claims
that the tree need only be lightly coated with
A residual-type spray like lindane, as compared
to a penetrating oil sprav, with which the bark
surface must be soamhed. Labor, transportation,
and material costs are. therefore, mich lower
with lindane. Steovens and Mitchell (1970) re-
cently corroborated this finding with a study
on lindane to control the mountain pine beetle
in the Rocky Mountains.

PREVENTIVE TREATMENT

Lyon (1959) suggested that resldual-type
sprays would have one prospective use that
ather types af sprays would not have, and that
is that they would protect trees from anttack,
This concept has since received vonsiderable
attentlon, especially in the mansgement of re-
creation areas.

In laboratory studies, Smith (1970} found
that a 2 percent diesel oi] solurion of lindane
applied to ponderosa pine bolts prevenred wes-
tern pine beetle and mountain pine beetle at-
tacks for 3 years.

Swain (1968) tested the effecrivencss of a
1.25 percent lindane-water emulsion as 4 pro-
phylactic spray on stunding trees in southern
California, The area was ideal for this study,
as many of the trezs had been predisposed to
bark beetle attack by a fire that had previously
swept through the srea. Only those trees that
had the hest chance for survival were treated
and used as checks. One of the major problems
was to get the spray high encugh on the bole,
but this was overcome by using a boom truck.
The pethod would only be feasible, then, in
areas of a relatively flar terrain.  Swain

1a

stutes that trees less than 50 feet in height
could be reached with conventional ground
equdpment,

Only 9 of 100 sprayed trees (84 trees
sprayed twice, 3 months apart) were killed by
the western pine beetle, and none of the 9
killed trees was attacked on the sprayed por-
tion of the bole (all attacks were above the
sprayed portion). Swain con¢ludes that one
application prior to the time of overwintering
brood emergence will give satisfactory protec-
tion from western pine beetle attack on the
sprayed portion of the bole during the active
bark beetle period (spring through fall). The
trees were not attacked for a total of 7 months.

Swaln set up cheesecloth catchment nets
around the bases of five trees to catch dead
or dying insects as they fell from the bole.
The results were quite revealing as, of the
316 insects caught, 170 were I, brewioomis
(33.7 percent), 21 were associated bark beetlos
(6.9 percent), and 125 were predators (110
Moalerus lecontei and 15 Temochila ohioredia)
{39.4 percent). Incidentally, this is one of
the few times that apimals other than the tar-
get insect were counted. It Is interesting to
speciiate what this type of predator martality
means, since both of these beetles are general
predators of bark beetles and other wood- inhab-
iting insecrs.

The cost figures on the Swain (1968) pro-
ject are much higher than those listed by
Wickman and Lyon (1962). The total cost of
Swain's treatment was $3,208.00 calculated as
$17.16 per tree. This is misleading, however,
as 84 of the original 103 trees were treated
twice. The tota! cost of protecting these
trees was more than $31.15 per tree. Swain
does state that theve was no difference in pro-
tection afforded those trees treated twice over
those treated once, The author goes on 1o peint
our thut, in the same arcs in the preceding
year, the mean cost of treating infested troes
was $25 per tree, and that the cost for pro-
phylactic treatment wias, therefore, less.

Swain makes the statement that the land manag-
er his  the advantage of selecting the trees to
be protected rather than spend monecy on treat-
ing trees which are already dead.

This [ast bit of rcasoning must be examined.
First of all, the land manager c<an presumably
get three-fourths of the cost of a project paid
by governmental agencies if his trees are in-
fested, but payments are not made for the pro-
tection of trees. The land mznager would,
therefore, be nhend in paying, in fact, only
§5 to $6 per tree for control rather than $17
per tree for protettion. Also, how often will
trees necd to be protected? Even using Smith's
darn (1970), indicating treatment every 3 years,
costs would be unbearable. Secondly, why not



use a sanitation-salvage treatment, as shown

by Hoil (1958) to be an economical means of
handling the bark heetle problem in southern
California? Finally. what are the effects of
the chemical on the environment? 3Swnin'st study
[1968) showed nearly 40 percent of the insects
killed te be natural encemies. The black-hbellied
clerid, E. feconzar, is known to be an important
part of the natural cnemy complement in the pop-
ulation dynamics of the western pine beetle
(Stark and Dahlsten 1970). In the same suudy,
it was shown that some 75 ¢ ins¢cls are associ-
ated with the western pine beetle. The long-
and short-term censequences of using a chemical
like lindane in the forest community, as well

as on the cryptic community created by the bee-
tle beneath the bark of the pine tree, must be
carefully evaluated. To date, these ¢ffects
are virtually nnknown.

SPRUCE BEETLE

The spruce beetle, Uendrociomea rufipennts,
formerly known as the Engelmann spruce bectle,
D, engelmannt amd . obesus, presents another
very different type of problem. This beetle
destroyed 4.3 billion board feet of timber in
western Colorado from 1939 to 1951 (Massey and
Wygant 1854). The infestation was correlated
with large blowdown that occurred in June of
1939. This ocutbreak is interesting from two
standpoints: (1) the importance of the bark
beetle in the succession of the Engelmann spruce
forests and (2) the decision to embark on u
large chemical control program near the end of
the outbreak in 1950, 1951, and 1952,

Engelmann spruce beetle populations are fa-
vored by windfalls and overmaturity of spruce
stands (Wygant and Nelson 1949), The windfall
initiated this outbreak, and then the beetle
populations contlnued in the overmature spruce,
much of which may have blown down because of
old age.

Engelmann spruce stands are largely two-
storicd, even-aged stands, the overstory in this
outbreak being overmature and the understory
being the suppressed reproduction. When the
overstory is killed by the bark heetle, the un-
derstory is veleased. If this were allowed to
continue through time, then Engelmann spruce
would be maintained in the avea largely through
the periodic activity of the beetles. Ecologi-
cally this is a disclimax or disturbance climax
because of the bark beetle. Wygant and Nelson
{1949} report that previous outbreaks of this
bark beetle occurred so long ago that their ex-
act extent is not known, They do cite instances
of several flareups but state that none of these
earlier outbreaks approached the destruction of
the 1939 outbreak, which continued for more than
10 years. 1t seems that the beetles play an
important role in this forest type. More than
likely, it is also clear that the hlowdown trig-

pered the massive outbreak. 1In such an exten-
sive cutbreak, sialvage would be impossible; but
n different approach to the management of such
# forest mlght cledarly avert such a disaster.
Sanitation cuts and harvest of the most over-
mature timber may becume a necessity.

Much of the outhreak took place during
World War TI, so that no direct control proce-
dures were attenpted, Control was attempted
from 1950 through 1952 with orthadichloroben-
zene In Ne. 1 fue!l oil--1 part by volume to o
parts of oil (Massey and Wygant 1854; Massey
and others 1953). 1t was later found that eth-
ylene dibromide was just as eoffective and that
workmen found it less disagreeable (Massey und
others 1953). The orthodichlorobenzene-fuel
0il solution was used to treat more than a mil-
lion standing trees before EDB was substituted
in 1952. Mo vost comparison was made between
the two materials, nor werg any figures given
on the cost of the project. The main gquestion
ts, of course, why was the decision made to
control the beetles with chemiculs? The affort
necessary to get to infested trees and treat
them ¢ould well have been used to salvidge the
logs. This is a much more economical approach.
as | have pointed out earlier. Although both
the materials used Killed beetles, there was
no ¢vidence that populations were “controlled,”
In addition, control was not attempted until
the tail end of the Infestation.

CONCLUSIONS

Each berk beetle species in each situation
Is spmewhat different. In some situations cer-
tain bark beetles play an important role in the
ecosystem as does the spruce bectle, Where bark
beetles are pests, it is clear from jmuch of the
literaturc that improved forest management prac-
tices are the key to the solution of the pro-
blem (Hopping 1821; Whiteside 1951 Wygant and
Nelson 1949). There is no evidence that chem-
1cals (orthodichlorobenzene, EDB. or lindane)
have ever controlled a bark beetle populution
in the true sense of the word. These chemicals
do kill beetles readily, and one worker, Swain
(1968), demonstrated an effect on natural ene-
mies. Two failures, both with lindane, have
been rocorded: one with the mountain pine bee-
tle (Wickman and Lyon 1962) and another with
the black turpentine beetle, 0. terebrans
(Kucera and others 1970). The study on 0. tere-
brans showed that lindane reduced attacks, but
did not reduce tree mortality. Two areas in
Califormia where control has been attempted are
chronically infested with western pine beetle:
in Blodgett Experimental Forest no apparent
good was achleved, and in the area around Bass
Lake, south of Yosemite National Park, chemi-
cal control] activity has not achieved the
desired end after several continuous years of
Lreatment.



Cost figures given for lindane are so varl-
nble that comparison 1< virtually iopossible,
Jackson (1960) gives a cost of 48 to 60 cenis
per vreatdd top for logging slash in a small
logging unit. Osburn (1962) quotes & figure
of §2_18 per tree for falling, lopping some
branches, and treating for trees above 7 inches
d.b.h, Swmialler trees were sprayed standing.
Costs as high as 3§25 per trec were reported by
Swaln [106K).

Cancellation of registration of lindine has
been under consideration by the Federal Pesti-
cide Regulation Division because this insecth-
c¢ide iz o persistent chlorinated hydrocarbon.
The gquestion i4: 0 what use §s lindane to the
forest manager? Private forest industries in
Californin do not use lindone for killing bark
beetles, to my knowlodga. (Cost 1s apparently
a deterrent fuctor. In the black turpentine
beethe study, for example, a volume of 375 mil-
lion board feer of saw-timber would have to be
throatened in order for an annual expenditure
af $17,000 to be justified (Kucera and others,
1970). Control of beetle populations has not
heen demonsttated, and there are other ajter-
natives nvailable. Further, the usc of persis-
tent Insecticides is guestionable on the basis
of sidp ¢ffects on nontarget organisms alone.
There are no studies to show that !lindane is
not a hazardous material in this respect.

In my opinion, the California Forest Pest
Control Action Uouncii has w=ct properly weighed
the evidence of past research on forest pest
problems.  An example of this is the manner in
which the direct control programs have been
conducted, Person (1940) found that 40 to 90
percent of the bark beetle predator, Enoelerus
leczonzet, moved to the base of the tree and the
surrounding duff prior ro pupation. Berryman
(1967) corroborated thls work in his studies of
predation on the western pine beetle, As long
ago as 1927, it was recommended that stumps and
surrounding litter not he burned during fell-
peel-hurn contral of bark beerles (Miller and
Keen 1960). Also, it has been suggested that
trees be "high-stumped" to proserve these pred-
ators (Berryman 19267),  Barlier studies had
also shown that certain trees had high numbers
of parasites, and It was suggested that these
trees be spared to serve as a reservoir of nat-
ural enemies during control operations (Deleon
1933). These recommendations were ignored, for
the most part, until 1965, when the Council re-
commended that stumps not be sprayed except
where 7. wvalena {s a problem. There was no
mention of sampling for parasites or of "high-
stumping," and it has never been demonstrated
that & valems is a pest.

In these times of increasing environmental
detertoration, alternatives must be sought that
are least disruptive to the delicate fiber of
nature. Forest management solutions to bark
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bectle control appear to be an avenue cthat
should Le given increasing attention. In a re-
cent puper, Roe and Amman (1970) state that
mor2 effective mountain pine bheetle control
mist copslder sauch slternatives as type conver-
ston, shorter rotations, mixing specles, and
the development of hetrer size and age class
distributions, This is ecological thinking,
and the route that all insecct control must fol-
low in the future,
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Lindane Registration Should Not Be Retained

Lioyd E. Browne

Donald L Dahlisten Fred M. Stephen

John M. Wenz

Abgipast --The registration of lindane should not be re-
talned for the direct coptrol of bar¥ beetles because of poten-

tial adverse side effects.

Lindane i3 a broad spectrum insect-

feide Lilling both beneficiazl dand other non-target organisms.
The efficacy of lindane has not been demonstrated for area-wide
population suppression and furthermore, the sirategy of using
lindane in direct control of hark beetles could not be justified

eeonomivally

1€ it were offective

Silvienltural traatments

atmed towsrd suppressing bark beeties provide more effective,
vconomical, und lasting protection for forests than does direct

vontrol, whether by salvage or lindane spraying.

The economic

wnpact of bark beetles in California cosmercial forests is

questioned.

Lindane has been shown to be an effective
insecticide in a number of studies. Cost and
case of application certainly made it more de-
sirable than previously used methods, such as
treatment with ethylene dibromide and fell-pee!-
and-hurn zechniques, Lffectiveness as an jn-
sect killer and suitability for control of u
ceriain inscect species populatlon are two very
different issuves, however. [t is our conten-
tion that control of bark beetle populatlons
with lindane has never been demonstrated ade-
quately. Pubilc agencies, then, should notl re-
commend control procedures until they have been
proven effective. This §s purticuldarly true ln
these times of concern for the quality of the
enviromment. It i especially unwise to recom-
mend use of a chlorinated hydrocarbon until tt
has been shown to he absolutely safe.

The side effects of lindine are not known,
Possibly, use of this chemical for bark beotle
control may lead to the resurpgence of the tar-
AOU spocios oI create ather inscct problems,
such as epidemics of other wood-boring species,
by indiscriminate killing of beneficial insects.
Until further research i< done to show environ-
mental safery for lindane, it should not be
used. Even if the direct control procedure is
absolutely safe, it should be used only if it
Is effective in controlling the turget insect.

The secaasity of using lindane in forest
protection is certainly open to question. Our
forests were not eliminated before the discovery
of lindune. 1t has been recosmended for bark
beetle control in California for only the last

11 years (Lyon 1959). It has been recommended
prnis since 1968 for use agalnst overwintering
broods of the western pine beetle, Dandrocionud
braviossia, (Lyon and Swaln 1968).

The question is one of properly evaluating
direct control methods. Prophylactie treatments
with lindane have been suggested as a major rea-
son why this insecticide is essential for the
protection and management of forest lands in
California. Protecting trees with a chlorinated
hydrocarbon 13 @ guestionable procedure, as it
is only # stopgap measurc and must be continu-
ally repeated. If direct control of bark bee-
tles in infested trees is not esgentiai to for-
est manpgement, then perhaps lindane may not be
egdantial. Hall and Piercel/ state, "The main
fuilings of Direct Control are: high cost of
accomplishment, near impossibility of finding
ull the infested trees before the beetles es-
citpe, and the fact that the treatment does Jit-
tle to alter any of the hasic condizions which
encouraged the outbreak im the first place.™
Studies conducted 10 assess the effectivencss
of bark beetle suppression show inconclusive re-

sults., Swal , in thi Bass Lake Study, found
1/ .

— Hall, R. C., and Pierce, J. R. 1965, Sani-
tation treatment for insect control., U, S, For-

e¢st Service, California Reglon. San Francisco.
21 p.

gf Swain, XK. M. 1966,
Lake 1nsect control project.
vice, California Region, San Franclsco.

Analysis of the Bass
U. §. Forest Ser-

7 p.



that losses on the suppression area were actu-
ally greater than in the check plot during 2

of the 5 years studled (in another yeuar, loss

on the check plot was only 0.01 percent per
board footr per acre greater). Hall and Piercolf
discussing the case history of the Hanger Peak--
Figueroa Mountaln Direct Contrel Umits, Los Pa-
dres Natlonal Forest, indicate that although
higher losses were found on the untreated Ran-
er Peak, "... the 5 percent loss at Flgueroa
Mountaln, however, is 10 timey greater thian the
0.5 percent level considered acceptable. Dir-
ect control alone will not assure that the loss
can be reduced to tolerabie limits needed to
perpetuate the forest." In spite of the "fa-
vorable'" characteristics of lindane, the Cali-
fornia Region, U. 5. Forest Service, uses lin-
dane in direct control methods only for tempor-
ary suppression, mostly in recrearion areas.

In view of these failures of direct contrel,
the sanitation salvage or “thinning” technique
should be considered in some detail as an al-
ternative. The concept is not new. Both Hop-
kins (1909) and Person (1928) noticed that cer-
tain trees seemed 1o be nttacked more frequent-
ly than others. Salmun and Bongberg (1942) and
kKeen (1943) advanced the eastside Sierra Cali-
fornia Risk Rating System. Hall (1958) applled
the technique to southern California recreation
areas, and Hal) and Plercel/ reviewed certain
case histories which firmly support the effec-
tiveness of this method. More recently, Hall
and Daviesd/state "thinning is an effective
management tool in reducing the mortality caused
by the mountain pine beetle in overstocked young
stands of ponderosa pine.” Pierc maintains
that "silvicultural trentments aimed toward
suppressing bark heetles provide more effective,
economical, and lasting protection for the for-
est than does direct control by salvage logging
or chemical spraying."

If the foregoing arguments by Hall and oth-
ers are credible, then it follows that permanent
reduction in bark beetle populations could be
obrained in California through proper cultural
or forest management practices. Sanitation-
salvage or thinning technique is operable under
# wide variety of forest conditions and, in
fact, is the only control means that has proven
offeetive. Research in utilizaing cultural prac-

3/ Wall, R. C., and Davies, G. R. 1968, Moun-
tain pine beetle epidemic ut Joseph Creek Basin,
Modoc National Forest. U. 3. Forest Service,
California Region, San Francisco. 22 p.

Y Pierce, J. R. 1968. Western pine beetle
infestation, McCloud Flat, California 1968,
Shasta-Trinity National Forest. U. 5. Forest
Service, California Region, San Francisco. 5 p.
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tices for the suppression of insect pests was,
for the most part, discontinued with the advent
of DOT. It was not untll the now classical in-
secticidal malfunctions (that is, resistance.
disruption of bhielogical balances, amd contami-
nation of food chains) became probliems that this
line of research was re-emphasized. Today lin-
dane appears on the agenda of forest practices
with many of the same credentials that were at-
tributed to DDT in 1945, in that it is claimed
to be safe, cffective, persistent, cheap, and
easy Lo use.

The major area of . 5. Forest Service bark
beetle lindane suppression efforts for the last
10 years has been southern California, where
arbitrary values have been placed on individual
trees because of high public use. In Barten
Flats, San Bernardine National Forest, Hall and
Prerce’! made a risk assessment in 1953; and a
sanitation-salvage program was carried out. The
Ranger District followed this with a direct con-
trol suppression program for the next § years,
during which time losses remained low. When
tree loss accelerated in 1961, following a per-
iod of prolonged drought, a reassessment of
Hall's plots confirmed that many trees had moved
into higher risk categories. The District moved
into a “symptom treatment' program using direct
contral; that is, treatment of beetle-killed
trees rather than removing high-risk trees. Had
the District continued to risk rate and to Temove
the high-risk trees on an snnual basis along with
or instead of the annual suppression program,
perhaps the 1961 flareup would not have occurred.

The economic impact of bark beetles in Cal-
ifornia's coumercial forest has to be questioned.
The Forest Service has had trouble in markoting
trees from stand improvement sales. This was
especially evident at the McCloud Flats thin-
ning sale in 1968, when stumpage bld prices
topped at $5.95/Mbd.ft. It appears that lumber
companies are wost interested in the large block,
allowable-cut sales and can afford to walt for
them., Much of the silvicultural suppression must
be done by the "gypo." or small operator, unless
the project ls "greened up" with a large block
sale of prime timber resulting in A major stand
reduction. The marketing policy of the Forest
Service, as the major forest landowner in Call-
tornia, influences price structure. In the past
only large land arcas providing large velumes
per acre have been economical to harvest. It is
logical to assume that this economic condition
restricts the investment that the privete land-
holder can afford in stand improvement at 1970
prices; for instance, chipping tops for [pe con-
trol is not a feasible practice, nor are thin-
nings to reduce hazard to bark beetle infesta-
tions. We feel that the agencies responsible
for direct control of bark beetles should re-
evaluate their efforts and take a fresh approach
to the entire problem. These agencies should be



looking at causes and not at symproms. Also,
they should evaluate what control procedures
are economically feasihble and are environmen-
tally safe, and not retaln techniques nmerely
bocause of tradition or ease of handling.

If bark beetles are the threat, as stated
in the Callifornia Forest Pest Control Action
Council's brief (1.2 billion bd. ft. lest amnnu-
ally in California), then perhaps U. 5. Forest
Service management policy could consider the
area of market manipulation. A restriction of
annual cuts would drive the price up, and a
further restriction would be to make stand im-
provement cuts first. If the timber supply is
so great that the timber industry in this State
cannot afford ro do anything but harvest the
“eream," or if the bark beetle impact has been
overstated, then perhaps lindane is no: essen-
tial,
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Lindane: A Useful Approach to Bark Beetle Control Y

Bruce H. Roettgerng

Roy Blomstrom  Robert W. Gustafson

John R, Pierce

Abstrget--There is no single method of bark beetle con-
trol that is usable and effective under all circumstances.
Lindane is one of several tools for bark beetle suppression

which may be used singly or in combination with others.

it

would be unwise to discontinue the use of lindane, and there-
by reduce the number of control methods available, without
strong justification or before a superior replacement can

be found.

The resolution of the Insect Committce
states that the brief to EPA in support of con-
tinued use of lindane for bark beetle control
did not state any attribute of the lindane con-
trol program that could not be achieved by other
methods now in use, and that there is no evi-
dence that the lindane treatment is an effec-
tive method of tree mortality prevention.

It is true that the brief failed to make
these peints; however, it does not automatically
follow that there are in fact other methods now
in use that could be substituted for the use of
lindane, or that lindane, when used to kill bark
beetles, does not prevent tree mortality.

The attributes of lindane are such that
whan it is used, as it is in the overall bark
beetle control program in California, there are
no other methods or materials available that
could be employed under similar conditions or
circumstances. Mechanical or cultural suppres-
sion methods, such as peeling and burning and
logging infested trees, are frequently sug-
gested as alternatives to the use of lindane,
Such methods are not necessarily alternatives,
they are, in fact, only other methods. In
bark beetle control, the circumstances under
which suppression 15 to be dene are considered,
and the best method is selected which will ac-
complish the Zest job; it is not a matter of
arbitrarily selecting one of a number of equally
rated methods. For instance, {f the circum-
stances (i.e., tree merchantability, accessi-
bility, and economics) indicate that logging
be used to suppress an infestation, then logging
is recommended; If the falling and burning

1/ Edited for publication in this volume by the
compiler, T. W. Koerber.
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method is practical (and it sometimes still is),
then the falling and burning method is recom-
mended. If the circumstances suggest that
spraying with lindane is the only practical
method, we recommend lindane. Under some cir-
cumstances a combination of mechanical, cultural,
and chemical control methods may be recommended.

An example of this situation occurred near
Lake Almanor on the Lassen National Forest in
1967. In some parts of the infested area it was
practical to log the infested trees (cultural
contrel). In other parts of the area, merchant-
ahle trees werc logged whereas trees below mer-
chantable size, cull logs, and tops were sprayed
with lindane. On the islands and along the shore
of Mountain Meadow Reservoir it was practical
to pile and burn infested trees (mechanical con-
trol)., The records of bark beetle control opera-
tions in California in recent years show that
methods other than the use of lindane sprays are
recommended most of the time. Only a small
fraction of the trees infested by bark beetles
were treated with lindane. These represented
those instances when the use of lindane, instead
of or in combination with other methods, could
be justified on the basis of conditions existing
at each place where it was recommended.

At present there are no methods or materials
with all the attributes of lindane that could be
used interchangeably with lindane. Only one other
chemical, ethylene dibromide (EDB) is available
to the Forest Service for suppressing bark
beetles,

EDB is a pesticide which exhibits fumigating
activity of rather short duration. FoOr some uses
this is a highly desirable trait, but almost al-
ways it is not a trait desirable in an insecticide
for bark beetle control. Granted that in warm
weather EDB applied to the bark of beetle-infested



trees will kill the developing hroods; however,
DB has limited effectiveness in cold weather
and hecnuse of its short residual life may not
render the uninfested portions of treated trees
toxic to slagth-breeding insects. Thus, on the
basis of effectiveness of suppression, lindane
almost always tends to rate higher than EDB.

When condlelons are such that EDE could be
effectively substituted for lindane, the cost
of the treatment is higher than spraying with
lindane. Furthermore, EDB is notorious for
causing skin irritations on dlrect contact and
lung irritations when fumes are inhnled.

Many different tests have demonstrated that
lindane mixed with either oll) or water to form
n l.5-percent spray solution and applied o the
bark of trees harboring hectle broods will on
the average cause better than 90 to 95 percent
reduction in the surviving emerging beetle pop-
ulation (Lyon § Swain 1968; Teillon and others
1973). It is obvious that bark beetles, either
alone or in conjunction with other agents, kill
trees, In a given forested area within a given
period of time, if all or nearly all of the
trees harboring developing bark beetle broods
can be located and properly treated with a
l.5-percent lindane spray, the potential beetle
population (emerging brood) can be drastlcally
reduced. It follows that im the short Tun
annual tree mortality from bark beetle artack
will be reduced (Swain 1963, Wickman § Lvon
1962).

It is agreed that the use of lindane does
not provide permanént or even long-term protec-
tion of forests from bark beetle sitack and
that if the condittons whic¢h prempted the occur-
rence of the bark bheet]e outhreak are not favor-
ably altered, bark-bectle-caused tree mortality
should be expected to resume promptly and in-
crease to a higher fevel. However, cultural

methods (that is, lopglng just the infested
trees) and mechanical, bielogical, and alter-
nate chemlcal methods have not been shown to
be more effective under the same set of con-
ditions.

On the basis of laboratery screening
studies conducted by the Insecticide Evaluation
Research Work Unit of the Pacific Southwest
Forest and Renge Experiment Station, it appears
that at least three insecticides are potentially
as effective or better than lindane for Zontrol
of the western pine beetle. Laboratory testing
of candidate insecticides should be continued,
and field tests of promising compounds should
be conducted as soop as practical. When an
alternate tnsectivide which works as well as or
berrer than lindane is registered for use, we
will promptly suspend the use of lindane in
favor of the alternste material.
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Lindane Registration Should Be Retained Y

Kenneth M. Swain

Absrpact--Lindane has been adequately field tested and

found effective against bark beetles.

However, incorrect op-

eratlonal procedures sometimes result in failure to obtain

populatlion supprecssion,

Lindane is rapidly metabolized and

excreted by birds, anlmals, and humans, and the rate of appli-
cation prescribed for bark beetie control should have minimal,

if any, side effects,

Recreational use of National Forest lands
in Callfornia is the heaviest in the natioen,
accounting for over 27 percent of all visitor
use in 1970, This valuable vecreation and tim-
ber land must be given the highest degree of
protecrion possihle. A major pest problem is
bark beetles. To deal with this probiem the
land manager has a numbher of tools, among them
preventive measures, such as sanitation cutting
{the harvesting of high risk trees susceptible
to bark beetles], or silvicultural treatment
[thinning, release, etc.) to improve stand
health and vigor. However, when significant
tree loss occurs, direct suppression methods
may be recommended. This often involves remo-
ving the infested trees from the stand either
by logging or fuelwood sales. Sometimes it is
not feasible to remove all the infested trees.
They may be in an inaccessible location or the
amount of site disturbance necessary 10 remave
trees may be unacceptable, as in a recreation
area. Often some of the infested trees are
urmerchantable under prevailing market condi-
tions. When other methods arc not feasible,
the infested trees can be treated with an in-
secticide. Currently, llndane is the most ef-
foctive registered insectlcide.

OPERATIONAL CONSIDERATIONS

The effectiveness of lindane as an Insecti-
cide is well documented. 1In the jiterature,
lindane recommendations are backed up by ade-
quate field testing. It follows that 1f sup-
pression is not effective in operaticnal use,
failure is not the fault of the insecticide,
but rather is due to incorrect operationil pro-
cedure. Any of the following factors could
contribute to failure to attain adequate

1/ tdited for publication in this velume by the

compiler, T. W. Koerber.
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suppression:

Poor timing of spray appllcation

Poor spray coverage (bark not sprayed)

Missing of infested trees by spotier

Improper mixing of lindane

Crystallization of lindane at freezing
temperatures

Application of insufficient spray

Use of lindane concentrate too low in
lindane content

Assuming that the operational procedures
are correct, then some degree of control should
be obtained. The most obvious error in control
projects is spotting. Keen (1960) states that
with a three-man crew, after the first of No-
vember, about 90 percent of the trees will be
found if the work is carefully done. From
cruises of 106 sections it has been determined
that the standard deviation of marking for any
one spotter {s plus or minus 20 percent. This
is supported by Wickman and Lyon (1362), who
found 90 percent mountain pine beetle mortality
attributed to lindane at Silver Lake, whereas
only 74 percent actual control was achieved be-
cause of missed trees and inadequate spray
coverage,

waingf reports losses on two comparative
stands, one treated and the other untreated.
In 1961, the loss in the treated stand was 5.5
percent of the stand volume and in the untreated
stand the loss was 6.2 percent of the stand vol-
ume. The following year the loss was 4.7 per-
cent of the stand volume In the treated stand
and jumped to 28.6 of the stand velume in the
untreated stand. The losscs in the treated

2/ Swain, Kenneth M. 1963. Analysis of the
Figuerca Mountain-Ranger Peak insecct outbreuk.
Report of file, Div. Timber Manage.. Callfornia
Region, U.5. Ferest Serv., San Francisce, 8 p.



stand were higher than the desired level: how-
ever, in the untreated stand the lack of con-
trol resulted In catastrophic losses.
Ihjhbcl]éi reports on & bark beetle contrel
project against the Jeffrey pine beetle and the
California fiatheaded borer. The project wus

in an urbanlzed recreation area. All trees six
tnchea and over were checked for tw0 years in
treated and untreated areas. At the end of this
period the number of infested trees in the un-
treated arvea had increased by 204 percent =95,
wherens the number of treges in the treated arca
had decrensed by 44 percent 221.

EFFRECTS OF LINDANE ON
HIRDS, ANIMALS, FISH AND HUMANS

A major concern in the use of oregapochlerine
compounds, such as lindane. is the likelihood
of transfer in the food chain through a pheno-
menon called biological magnification. Dr.
Francis Gunther [chemist and toxicologist, Uni-
versity of California, Riverside, personal com-
munication) stated that he knew of no instances
where lindane went through biological magnifi-
cation. Dr. Gunther, editor of the 1970 edition
of Residue Reviews. 1s a tenowned aithority on
insecticides. Macek (1970) sgates that lindane
and methoxychlor would not be ecxpected to be
biologically magnified to any great degree,

Certainly, any inseccticide if given in large
enough dosages will eventually cause noticeable
side-effects or even death to the test animal.
At the dosage and rate of application prescribed
for bark beetle control in California, however,
lindane should cause minimal side-effocrs, 1f
any. In early testing in California, the Cali-
fornia State Department of Fish and Game moni-
tored our use of lindane. The Department's
conclusion was that using lindane, in accordance
with recommendations made by the U.5. Forest
Service, wias not hammful to wildlife. lHowever,
avoldance of the use of lindane adjacent to
streams was suggested.

Birds

In many tests, various birds have been fad
a diet tontaining specific percentages of lin-
dane. Rudd and Genelly (1956) report a 10 per-
cent mortality of pheasants resulted from eat-
ing grain treated with 1 2/3 ounces oY 75 per-
cent lindane per 100 pounds over u 20-day per-
iod. Other investigatars, however, were upuble
to detect noteworthy changes in the bird popu
lation of & d40-hectare pasiure and woodland

3/

Hubbell, R. J. 1967. The effects of direct
contvol on pine bark beetles in an urbanized
forest. Report on file, Calif, hiv. For. Dist,
VI, Riverslde Calif., & p., illus.
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treated with 10 percent BHC (10 percent gamma)
At approximately 50-70 pounds per acre. This
application ls about wice that normally em-
ployed. In addivion, conziderable field obser-
vation and experimentation in Germany have led
to essentially the dame conclusion. The small
amounts of BHC that a wild bird could ingest
woirld be insufficlent to cause harm, because
of the rapid disintegration af BHC within the
animal body,

Ash and Taylor (1965) fed pheasants on lin-
dane treated sced. They conditioned blrds to
low concentrations in the diet to overcome the
problem of unpalsrability. Eggs analyzed con-
tained 0.4 to 22.1 p/m. Hatching was not [m-
palred. The residues in eggs remsined constant
on continued feeding and for 5 days thercaftier,
but then fell rapidly for 13 days. Within 9
days after ingestion consed. 66 percent of the
inigia]l residue had hoen excreted,

Lisko and others [1963) placed young tur-
keys on treated rangeiand immediately after it
had been treated. At the end of four weeks the
birds had 2.1 p/m of lindanc in their body far.
Those placed on the range a week later contained
only 1 p/m and those another week later 0.7 p/m.

In summary, the National Academy of Sciences
(1969) indicates that field applications of
lindane have no toxic effect an birds.

Antmals

Groups of 20 rats were maintained for two
years on diets containing from 5 to 1600 p/m
of the alpha, beta, and gamma isomers of BHC.
Gammi PHC (lindane) had the lowest toxicity,
betn the highest. Dosages above 100 p/m pro-
duced liver injury. Kidney Injury also occur-
red at high dosages. No lesions were produced
at or below 50 p/m,  (Morrison 1968).

Orr (1948) applied 0.5 percent lindane in
ncotone to the skin of mice twice a ¥eek for
15 months In a vain efforn to produce cancerous
lesions. Paroffin pellets with 3 percent lin-
dane implanted beneath the skin for 10 months
also failed to produce abnormalities.

Truhaut (1954, cited in FAO-WHO 1965) fed
groups of 20 young rats on diets containing 25,
50, and 100 p/m of lindane for their entire

lives, The hlighest dosage produced slight liv-
er enlargement and fatty degeneration of the
liver. No symptoms or lesions occurred at the

25 p/m level and no increase in the incidence
of tumors occurred (Morrison 1968).

According to the Agricultural Board, Di-
vision of Biology and Agriculture (1969}, nam-
mals metabolize lindane quite rapidly to tri-
chlorobenzenes and phenals, which are excreted.



0" Brien (1967) reports very little lindane is
accumulated in the body fatr, and in mammals It
has a low oral toxicity.

Fish

In our operational use of lindane, precau-
tionary measures are taken to ensure that the
spray does not directly, or indirectly, get in-
to streams. Fish are less sensitive to BHC
than to DOT, toxaphene, dieldrin, asnd other new
chlorinated hydrocarbons. Brown and rainbow
trout were all killed by exposure to 0.05 p/m
of lindane, but bluegills have survived 0.45
p/m of 12 percent lindane, llowever, bass and
bluegill fingerlings suffered 50 percent mor-
tallty at 0.1 p/m of the same formulation {Rudd
1956). Gakstatter and Weiss (1967) report that
four species of fish were exposed to water con-
taining 0.03 p/m lindane. Twe days after ter-
mination of cxposure, the fish had eliminated
90 percent of the lindane. '

Generally most insecticides are toxic to
fish. The chlorinated hydrocarbons are parti-
cularly roxic. However, lindane is considered
to be one of the safer chlorinated hydrocarbons
(0' Brien 1967).

Humans

Evidently very little work has been done
with lindane in relation to human health. Our
field procedures on the use of lindane were ex-
plained to Dr. Kopping, U.5. Public Health Ser-
vice, in January 1967. It was his belief thar
field workers would not show any lindane in the
system using current Forest Service procedures.
He said that lindane is rapidly eliminated from
the body and he would not expect any accumila-
tion unless the patient had been subjected to
repeated acute exposure. 0'Brien (1967) reporis
that a Rumanian study showed no ill effects from
massive inhalation of DDT plus lindane in a
forest spraying operation; some workers inhaled
21 mg/kg of DDT as well as 6 mg/kg of lindane
dnily for 30 days.

Hayes (1963) states that lindane (gamma
isomer of BHC) has the greatest acute mammalizn
toxicity of all the isomers of BHC. However,
it is rapidly excreted by the kidneys and does
not accumulate extensively. Lindane has the
lowest roxicity on repeated exposure, and there-
fore 1s safest for use by workers under long,
tntensive exposure,

METABOLISM OF LINDANE

There 1s much concern about the toxic ef-
fect of the metabolites of organochlorine com-
pounds. Dr. Francis Gunther (personal communi-
cation) said that to his knowledge none of the
metabolites of llipdane have any toxlic side-

effects. One of the more common metabolites is
pentachlorocyclohexene (PCCH), which was can-
firmed by Yule (1967). This ts the common de-
pradation product in soils. ({Guenze 1970). In
mammals lindane is metabolized quite rapidly to
trichlorobenzenes and phenols, which are excreted
(Agricultural Board 1969),

RESIDUAL LIFE OF LINDANE

Certainly, as well as its toxicity, the
residual life of lindanc mikes it a desirable
tnsecticide for bark beetle control. Obviously,
since bark beetles emerge over a long period of
time an insectleide with & short residual 1life
wouid not be effective.

Lindane applied as a lindane-diesol solu-
tion forms & tissue deposit. Lyon [1968) states
that tissue deposits of lindane have several ad-
vantages over surface deposits: (a) toxicity
is higher to the target insect, (b) residual
life is longer, and (c) less lindane is avail-
able to bark beetle predators and parasites.

In contrast, when lindane wis applied as & wet-
table powder at 40 mg actual per square foot,
forming a surface Jeposit, 411 toxicity was
lost in six weeks. (Lyon 1965).

The residual life of lindane as a preven-
tive has been well documented. Smith (1970)
reports a 2 percent lindane oil solution applied
on pondeross pine bark remained effective
against Dundvcetonue pomderosae and 0. brevicomis
for three years. Also, according to Swaind/ a
1.5 percent lindanc-water emulsion gave effec-
tive protectian against 0. brevicomis for ut
least 9 months and probably longer when applied
to the bark of standing ponderosa pine.

br. William Spencer (personal communication)

believes that lindane in so1] has very little
movement downward. He feels that a 1.5 percent
lindane spray on forest soils would volatilize
and degrade gquite rapidly., And, as long as

there is soil moisture, lindane volatizes read-
ily at 30° C and above. The published vapor
pressure of lindane at 30° € and $5° € is 4.5

x 107 and 1.45 x 10> om of mercury, Spencer
[1960) found the vapor pressure to be 3.5, 2.0,
and 2.4 times greater at 20%, 30°, and 40° C,
respectively, than the published values, UGuenze
(1970) reports that lindane degrades in s01] to
pentachlorocyclohexene, which is more velatile
than lindane, and does not remain in the soll

to any oxtent.

a4/

Swain, Kenneth M. 1968, Protecting pon-
derosa pine from bark beetle attack using lim-
done-water emulsion spray. Repert on file, Div.
Timber Manage., Californla Region, U.5. Forest
Serv., San Francisce, 13 p.



As used in bark beetle contyol. lindane can
have an effective residual life of up to three
years. The residual life is dependent upon the
concentration, selvent, and type of materiai
being sprayed, From current information it is
apparent thar lindane is quite variable in its
rate of degradation. The current field appli-
cation of lindane should have a minimum adverse
effect on the environment,

FUTURE USE OF LINDANE

Certainly it would be desirvable to find al-
terpative methods for treating bark beetles.
Hopefully, pheromones will lead to a method of
control whereby insecticides will not be needed.
New research can help us recognize and conserve
the natural enemies of bark beetles. In all
probability, however, the need for insecticidal
control cannot be eliminated. Now is the time
to quit talking about so-called "integrated
control"™ and te put it into practice.

According to Lyon (1971) Dursban, Zectran,
and malathion show promise in laboratory tests
agninst the western pinc beetle. Let us field
test these insecticides. However, until an ef-
fective replacement for lindane has been ade-
quately tested, the continued use of lindine is
Necessuary.
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