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SUMMARY 


The lodgepole needle miner at 
tacks and kills indigenous lodge
pole pine forests in the Western 

t' United States and Canada. Only 
. two species-Coleotechnites mil
Zeri (Busck) and C. starki Free
man-have been identified and 
studied in detail. C. milleri is 
best known for long periods of 

~outbreaks in Yosemite and Se
quoia-Kings Canyon National 
Parks in California. Three pe

• 	 riode of infestation have been re
ported since 1900. Each lasted 10 
to 20 years and was followed by 

-< a shorter period of light infesta
tion in between. Infestations by 
C. starki are well known in the 
Banff and Lake Louise National 
Parks in the Canadian Rocky 
Mountains. Scattered infesta
tions of unidentified needle miner 
species have been found ;,n and 

-A. 	near Yosemite National Park 
and on the Inyo National Forest 
in California; in Yellowstone 
National Park, Wyoming; and in 
central Oregon. 

This bulletin summarizes find
ings from studies conducted in 

... Yosemite National Park on the 
biology and ecology of C. milleri, 
its natural enemies and patho

.. gens, relationship of climatic and 
physiographic influences to suc
cessive generations of needle 

'miners r and field tests of insecti
cides. 

The life cycle of C. milleri 
~ spans 2. years. Moths oviposit be

tween July 15 and August 20 
every odd-numbered year in Yo

"'t 	s-emite. Mean incubation period of 
eg·gs lasts 35 days. Overlapping 
g·enerations are unknown. Of the 
five larval instars, the first and 

fourth overwinter, and the fifth 
pupates beginning about the 
third week of June. 

After eclosion, larvae enter 
and remain within the first nee
dle through the third instar; 
they migrate to and mine two ad
ditional needles each in the 
fourth and fifth instar. A mini
mum of five needles are mined, 
and entries are made into many 
others by t\me of pupation. 

Extreme populations of 75 or 
more insects pel" twig tip mark 
the beginning of new infestations; 
30 insects per tip are usu':tl 
through the third generation. 
Afterward, the stress of defolia
tion and growth of shorter and 
fewer needles result in lower 
populations. Populations are 
larger and more uniform in the 
tops and midcrowns of trees. 

Possible insect enemies of the 
lodgepole needle. miner include 
57 species in five orders. None 
has been found highly effective 
against outbreak infestations. 

Sharp reductions in outbreak 
infestations followed adverse 
weather during flight and ovipo
sition. 

Control by toxic chemical 
sprays applied by helicopter has 
been undertaken in Yosemite N a
tionaI Park as a stopgap measure 
to save recreational forests from 
devastation. Malathion proved 
the most effective. Moths were 
sprayed by helicopter at the rate 
of 1 pound malathion in 10 gal
lons diesel oil per acre. 'rhe 
sprays caused infestations to 
drop and remain at innocuous 
levels. Nontarget organisms did 
not suffer any evident lasting 
damage. 
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,r:aIOLOGY, ECOLOGY, AND CONTROL OF THE LODGEPOLE 
('", 

NEEDLE MINER 

By George R. StruJ?le 
I 

INTRODUCTION 

On the upper slopes of Califor
• nia's central Sierra Nevada 

stand dead forests of lodgepole 
pine (Pinus contorta val'. mur

"1 myana [Grev. & Balf.] En
gelm.) . The snags contrast 
vividly with nearby living trees. 
Many thousands of trees stripped 
of their foliage foretell a similar 
fate for others in the years 
ahead. Some of these "ghost for
est" trees have stood for more 

~ than 60 years, but many trees 
have fallen into crisscross entan
glements. 

The cause of this devastation 
is the larvae of a tiny moth-the 
lodgepole needle miner. Several 
species of the insect attack lodge

'~pole 	 pine foliage. All belong 
to the genus Coleotechnites 
(Hodges 1965) = Evagom (Free

• 	man 1960) = Recurva?'ia (Lepi
doptera: Gelechiidae). They are 
found in parts of California, Ore

.' gon, Idaho, Utah, and Wyoming 
in the Western United States; and 
in Alberta, Canada. 

To date, only two species-C.... 
mille?'i (Busck) and C. sta,?'lci 
Freeman-have been identified 

I Research Entomologist, Pacific 
Southwest Forest and Rang,e Experi
ment Station, Forest Service, U.S. De
partment of Agriculture, Berkeley, 
California. 

and studied in detail. C. milleri is 
most notorious for long periods 
of outbreaks in the upper Tuol
L,mne-Merced River watersheds 
in Yosemite National Park, Cali
fornia (Patterson 1921; Struble 
1958; Yuill 1942). Lesser infes
tations have occurred 125 miles 
to the south in the upper Kings
Kern watersheds of the Sequoia 
and Kings Canyon National 
Parks. Epidemic outbreaks of C. 
starki have been recorded in 
Banff and Lake Louise National 
Parks in the Rocky Mountains of 
Canada (Stark 1959). Though 
highly destructive, these out
breaks persist for shorter pe
riods than those of C. milleri. 

Three periods of major infes
tations by C. milleri have been 
reported since 1900. The first 
began about 1903 and subsided 
after 1921; the second extended 
from 1933 to 1941; and the third 
lasted from about 1947 to 1963 
(fig. 1). 

The 2-year life cycle of C. mil
le?;' begins in the odd-numbered 
year and that of C. starki in the 
even-numbered year. C. ?nilleri 
causes far more damage to nee
dles initially, in subsequent gen
erations, and for longer periods 
than does C. sta1'ki. Sustained 
higher populations and more 

1 



F521080-F521081-F521082--F521083 
Figure 1.-A, Dead forest, killed about 191)6; B, infested, pole-size t~ees among snag 

remanants in 1953; C, dying, mature fInest in 1963, heavily infested since '1953; D, 
twig tips with reduced complements of shortenEd foliage. 
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feeding per larva contribute to 
this difference between the two 

t- species. 
Another species of Coleotechn

ites, closely related to C. miller'i, 
'-has been observed infesting lodge

pole pine in the Inyo National 
Forest, Mono County, California 

i'-t 	 (Struble 1968). This species is 
similar to C. -rn,ille?'i in its biol
ogy and 2-year life cycle except 

-i-that its generations, like C. 
sta.t·ki, are established every 
even-numbered year. The effects 
of its infestations are less severe 

.:j than those of C. rnilleri. 
To gather muJ'e data about C. 

HOSTS AND 

Lodgepole Pine 

A subspecies of lodgepole pine 
I:it (P. contM'ta val'. rn:n?Taya?w,) is 

the major host tree of the lodge
pole needle miner. 'rhe tree 

.. grows on the Cascade }.{ountains 
of Washington and Oregon and 
on the Sierra Nevada of Califor

~ nia (Fowells 1965). Within this 
range, it ranks as a major timber 
species, In northern California, 
lodgepole pine grows on moun

~ tainous terrain between 6,500 
and 10,000 feet elevation. 

Major infestations have been 
.. found only in stands at 8,000 to 

10,000 feet elevation west of the 
~ Sierra Nevada crest along the 

:> eastern boundaries of Yosemite 
National Park. Large blocks of 
mabre lodgepole pine have been 

.if the most severely attacked. 
Smaller trees have not been 

~ spared in needle miner infesta
tions. Highly damaging infesta

., tions have also been found in 
younger, dense lodgepole pine 
stands, where trees ranged be
tween 4 and 14 inches diameter 

rniller'i, the Pacific Southwest 
(then California) Forest and 
Range Experiment Station 
joined forces with the U.S. Na
tional Park Service in coopera
tive studies at Yosemite National 
Park, starting in 1954. 

This report summarizes find
ings from these studies on the bi
ology and ecology of C. nbilleri, 
including natural enemies and 
pathogens, relationship of cli
matic and physiographic influ
ences to successive generations of 
needle miners, and field tests of 
insecticides. 

DISTRIBUTION 
at breast height. These were 
growing among scattered, heav
ily infested, older trees and the 
gray snags remaining from an 
earlier outbreak (Struble 1958). 
Attacks have also been heavy 
and persistent in the cro\vn tops 
of saplings taller than 5 feet. 
Often the smallest seedlings be
came infested when populations 
of larvae dropped from the 
mined-out foliage of overstory 
trees. 

Many of the areas of dead for
est in Yosemite National Park 
have been replaced by nearly 
pure lodgepole stands. Some 
stands are dotted with dense, al
most impenetrable thickets of 
saplings. Evidence is strong that, 
over the course of several 
hundred to a thousand years, re
peated devastating needle miner 
outbreaks have been followed by 
successive replacements of lodge
pole pine forests . 

Outside of Yosemite National 
Park, several smaller infestations 
have been known since 1923. 
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They have occurred in stands 
growing in similar elevation and 
terrain, west of the Sierra Ne
vada crest, in widely separated 
pockets of less than 1,000 acres 
in the Kings-Kern watershed 
south of Yosemite. 

Associated Host Trees 

Several other forest conifers 
are distributed throughout the 
area of needle miner infestations. 
Some species grow as nearly 
pure stands covering from a 
fraction of an acre to several 
acres; others as single trees 
broadly dis11el'sed. Mountain 
hemlock (Tsuga me1·tensiana 
[Bong.] Carr.), the closest asso
ciate, is found in nearly pure 
stands on north-facing slopes 
and on other well-drained but 
moist land. Red fir (Abies magni
fica A. Murr.) grows often in 
draws and slopes up to 9,000 feet 
elevation. More scattered are 

LIFE 

In the 2-yeal' life cycle of C. 
1nille1'i, which is established only 
in odd-numbered years, adults 
emerge, mate, and oviposit be
tween July 15 and August 15 
(fig. 2), with deviations from 
generation to generation because 
of slight variations in seasonal 
weather. No evidence of overlap
ping generations has been found. 
The eggs hatch in 30 to 35 days, 
and each larva then bores into a 
separate needle. Normally, hatch
ing ends by September 20, and 
first-instal' larvae continue min

western white pine (P. monticola 
Doug!.), whitebark pine (P. albi
caulis Engelm.), and Jeffrey pine .... 
(P. jefjrreyi Grev. & Balf.). West
ern juniper (J1miperus occiden
talis Hook.) is found along the~ 
most exposed, dry, rocky slopes 
and occasionally as a single tree 
within a nearly pure lodgepole.fj 
pine stand. White fir (A. con
colo?' [Gord. & Glend.] Lind!.) is 
rarely found above 8,000 feet. ..t-

All of these conifers except 
western juniper have been occa
sional hosts of the lodgepole 
needle miner when they grow as t
understory of lodgepole pine. 
Attacks usually result from lar
val migration when fresh lodge-'t' 
pole pine foliage is gone before 
the larvae are fully grown in 
spring of the flight year. The 
amount of mining in associated 
host species varies considerably, );. 
but there is no evidence of con
tinuing infestations beyond a sin
gle generation. ~ 

CYCLE 

ing until late November, when 
cold weather forces them into 
overwinter dormancy. Larvae re
sume feeding in April and May, :. 
continuing until November as 
development advances through ~ 
second, third, and fourth instal'S. 
Cold weather forces a second 
overwinter dormancy. The fifth, r
and final, larval instal' occurs 
after feeding resumes again in 
April and May, and continues for r 
a month. Pupation, lasting almost 
30 days, is completed the last 2 
weeks in June. 

4 
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Figure 2.-Life cycle of the lodgepole needle miner (Co/eotachnites miller; (Busck» in 
.. Yosemite National Park, California. 

LIFE STAGES 

Adults 
The mean width from tip to 

~ tip in both male and female 
moths, wings fully extended, is 
12 mm.; it ranges from 8 to 13 
mm. Body length from the head 
to the abdominal tip in both 
sexes ranges from 4 to 4.5 mm. 

... 	 Except for the white labial palpi 
and face, the head, thorax, and 
forewings are all light gray, 
mottled by irregular darkened 

\. 	 areas. The hindwings are light 
dusky gray. The abdomen of the 
male is slender, silvery gray, and 

.> 	ends in characteristically pubes
cent claspers. The abdomen of 
the freshly emerged female is ci~ 

iI 	 gar-shaped and light gray, soon 
deepening to yellowish as the 
oocytes develop (fig. 3). 

• 	 Eggs 
The eggs are lemon yellow, 

typically ovoid, and 0.2 to 0.3 

mm. long. The chorion is trans
parent, iridescent, and hexagon
ally patterned. 

Larvae 

Larvae acquire one of several 
uniform, often dusky colors after 
they enter lodgepole pine foliage . 
Lemon yellow predominates, but 
varying sltades of orange, pink, 
and red oC(:;ul" among each of the 
five instars before pupation. The 
significance or cause of color dif
ference is unknown. 

All larval instal's are naked 
and black-headed. Paired scler
otic areas appear in the third 
instal', dorsally on the first tho
racic and ninth abdominal seg
ments. Male gonads become 
increasingly visible dorsally be
tween the fifth and sixth abdom
inal segments as growth contin
ues beyond the third instal'. 
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F521OB4-F521085-F521086-F521087 
Figure 	3.-Development stages of the lodgepole needle miner: A, eggs in mined < 

needle; B, larva; C, pupa in silk-lined cell within mined needle; 0, adult. 

Morgan 2 determined five in
stal' groupings after measuring 

2 Morgan, Furniss David. Factors in
fluencing the abundance of ReCltrvaTia 
milleTi (Busck) (Lepidoptera: Gelechi
idae). 1956. (Unpublished Ph.D. thesis 
on file at the University of California, 
Berkeley.) 

6 

head capsules of larvae in the 
1953 to 1955 generation. I veri
fied this grouping in head meas
urements of 150 larvae each, 
taken every 2 weeks between 
July 11 and September 5, 1958, 
and again in June 1959. En
trance and exit holes in needles 



F521088-F521089-F521090-F521091-F521092 

Figure 4.-Needle mining by different larval instars: A, first ins tar B, first-instar en
trance (lower), second·instar frass exit (middle), third-instar exit (upper); C, silk 
tube leading to fourth-instar entrance at needle apex; D, moth exit; E, silk tent 
formad on understory sapling by fourth and fifth instars dropping from defoliated 
trees. 
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bored by the five different instal's 
were also readily identified by 
measurements across the widest 
points. The width of hole mined 
by each instar was as follows: 
first-O.l mm.; second-0.3 mm. ; 
tnird- 0.5 mm.; fourth-0.8 to 
0.9 mm.; fifth-O to 1.2 mm. 
(fig. 4). 

Pupae 
The pupa is 1.1 to 1.2 mm. 

wide and 6.0 to 6.2 mm. long, 
Newly formed pupae retain the 
larval coloration for 24 to 48 
hours, then darken gradually to 
velvety, jet black. They are usu- " 
ally oriented with the anterior 
end toward a silk-lined ramp and 
exit. The exuvium of each fifth
instal' larva is behind and often 
remains attached (fig. 3C). <-

BIOLOGY 


Emergence and Sex Ratio 

Emergence lasts about 3 
weeks (table 1). The adult forces 
a triangular split in the anterior 
ventral end of the pupa. With 
head exposed and forelegs ex
tended, the moth crawls forward 
within the needle, still attached 
to the pupal case. The moth con
tinues along a silk-lined ramp 
leading through an exit hole 
which was bored by the fifth
instal' larva before pupating (fig. 
4D). The split pupal case becomes 
lodged against the exit, enabling 
the moth to gain freedom to the 
outside. 

Males usually begin to emerge 
at least 10 days' before females 
and continue to emerge 5 days 
ahead through this period. The 
number emerging rises rapidly 
after 10 days, peaks 2 to 3 days 
later, and is nearly concluded 7 
to 8 days later; 95 percent of the 
emergence occurs within about 
14 days. 

The sex ratio on emergence is 
nearly equal. In more than 
25,000 moths examined in four 
generations from 1957 to 1963, 
the mean male-to-female ratio 
was 1 :0.84, with variations be

tween generations from 1 :0.78 to 
1:0.91. 

Table 1.-Period of moth emer
gence dU1'ing eight generations 
at Tuolumne Meadows, Yosem
ite National Park, California 

Year 

1953 
1905 
1957 
1959 
1961 
1963 
1965 
1967 

Number of 
days to-

Beginning date Peak End ,4-

July 20 16 22 
July 15 12 20 
July 7 10 20 
June 30 15 22 
July 6 ' 12 20 
July 19 20 32 
JUly 20 25 50 ..July 20 18 30 

Flight 
J 

Moths can begin flying as soon 
as their wings have straightened 
and dried, but the beginning and -:: 
end of flight are determined 
largely by temperature and light. 
Remaining quiescent and hidden \0
within the tree crowns, few 
moths are seen during the day 
for the first week to 10 days, af- i
terward they are seen increas
ingly in slow moving air above 
50°F. during daylight and dark
ness. Maximum flight occurs on 
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clear evenings when the air is 
still or moving lightly, tempera
ture is low, and light intensity is 
diminishing. Moths remain quiet 

. during thunderstorms and rain
.. fall. During cold mornings and 

when daytime breezes increase 
above 5 miles per hour, they 
cling to tree surfaces, unless dis
turbed by local vibrations in tree 
crowns. In still air, they fly with

-i; out any consistent pattern-air 
movement determines direction. 

Drifting along with slow-mov
ing air, the older moths tend to 
concentrate in the trees lying 
along the periphery of an out

"1 	 break. The spread of infestations 
is greatest in the direction of 
prevailing air movement from 
southwest to northeast. Infesta
tions move more slowly in other 

directions, with temporary shifts 
in evening airflow. 

Dead moths are found com
monly in still pools within 3 
weeks after the beginning of 
emergence. Masses accumulate in 
backwashes along streams (fig. 
5) 10 days before the flight pe
riod ends. 

Mating and Oviposition 
Reproduction activity begins 

toward evening as lowering tem
peratures approach 65 0 F. Mor
gan:l reported that maximum 
mating occurred at about 55 0 F. 
It ends as temper:ltures drop be
low 51 0 F. The mating period 
was between 6 and 10 p.m., with 
maximum activity between 7 and 
8:30 p.m. 

, Morgan, ap. cit. 

f521093 

Figure S.-Dead moths accumulated along leeward edge of still pool. 
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Mating occurs most often 
within the tree crowns among 
the branch tip foliage. Other lo
cations are on the twigs, 
branches, and trunk. 

Females begin ovipositing 
within 24 hours after mating. 
Between twilight and darkness 
they search for favorable sites. 
They lay eggs after probing nee
dle surfaces, bud scales, bark de
pressions, and spaces between 
closely appressed needles with 
their ovipositors. Two sites are 
preferred: (1) Current year's 
needles \vhich are firmly at
tached, partially mined apically, 
emptied of frass and cast skins, 
and with an open third- to 
fourth-instal' exit hole; (2) 
older, weathered, gray, cracked 
needles with a long mine and a 
green, firmly attached base. Eggs 
are most frequently deposited as 
a single group in old mines. They 
are held together apparently by 
adhesion between surfaces. Occa
sional deposits of a single egg 
and as many as five groups of 
eggs have been found at a single 
site. 

Needle sites were examined in 
1959 and 1961. The data for the 
respective years are as follows: 
623 and 3,500 sites examined; 26 
percent and 38 percent of sites 
with eggs; an average of 11 and 
7 eggs per occupied site. 

The number of eggs per group 
varies between generations. This 
variation was shown by counts 
made 15 or more days after the 
peak of emergence was over in 
three successive generations, 
1959 to 1963. The mean number 
of eggs per group dwindled in 
each successive generation, from 
11 to 7 to 4. 

Incubation and Eclosion 

Stages of egg development are ... 
readily recognized by color and 
form: (1) Freshly laid, lemon
yellow eggs deepen to orange in • 
about 10 days; (2) darkened eye 
spots, deepening head color, and 
the beginning of larval body t 
form appear between the third 
and fourth weeks; (3) fully 
formed larvae are evident withinr
the egg sacs in 4 to 7 weeks. 
Eclosion is then imminent. 

The mean period between peak 
oviposition and peak eclosion t 
was 35.5 days in the first four 
generations and 60 days in the 
fifth and sixth generations (table r 
2). These differences were attrib
uted to seasonal variations in 
weather. 

Larval Development j' 

After eclosion new, first-instar 
larvae tend to remain relatively J

immotile for 1 to several hours 
or longer. Then, each larva 
searches for and enters a fresh, 
green needle and passes the first • 
winter. Rarely is there more 
than one larva in a needle. 

The first and second larval in- .,f 

stars and the major portion of 
the third instal' are completed in 
summer within the first needle "" 
entered. Migration to another 
needle begins in the third and is • 
completed in the fourth instal'. < 

After overwintering again, the 
larvae transform into the fifth 
instal'. During this second win
ter, dormancy begins by mid- ,.. 
November and lasts until May. By 
mId-June, the insects pupate. 

The number, location, and size .. 
of entrance or exit holes or those 
bored for the release of frass 
help identify the larval stages. 
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Table 2.-Incidence and incubation period of eggs in seven 
generations in Yosemite N atioruLl Par'k, California 

Date of-
Days to 

Year First eggs Peak production Last eggs peak hatch 
~ 

1955 July 20 Aug. 
1957 July 23 Aug. 
1959 JUly 10 Aug. 
1961 July 12 July 
1963 July 27 Aug. 
1965 	 Sept. 
1967 	 Aug. 

~ 

Those bored by the first three in
stal's are primarily through the 
curved surface near the apex of 
the needle.; those by the fourth 
and fifth instal's are through the 

-f 	flat surface between the base and 
apex. 

In a lodgepole pine stand long 
free from an infestation, the 
first-instal' larvae enter the old
est needles-especially those 
growing from the 6th to 11th in
ternodes. When development 

..l. 	 reaches the third and fourth in
stal', the larvae migrate to and 
enter the elongating youngest 
needles and those of the most re
cent internodes. 

First-instal' larvae enter the 
.. needles along the rounded or con

vex surface, rarely the flattened 
or concave surface. A normal 
entry, requiring 8 to 36 hours, is 

~ 4 to 8 mm. back of the needle 
apex (Yuill 1942). The mine, in 
the mesophyll tissue beneath the 
epidermis, is seen on the outside 
as a thin, whitish streak leading 
from a barely perceptible en

ij trance hole. By mid-October the 
miner often dips deeper into the 
needle, then reverses back along 

'"1 the original route. The mine is 
then widened apically from the 
entrance and is extended basally 
about 8 mm. beyond the entrance 
by mid-November (fig. 4A). The 

5 Aug. 20 35 
6 35 
1 Aug. 10 35 
25 Aug. 13 38 
15 Aug. 28 60 
5 Sept. 20 60 
20 Sept. 5 38 

tunnel is widened and deepened 
the following May. 

Infrequently, first-instal' en
tries are made through a silk 
tube spun on the needle surface. 
Most entrance holes are left open 
and serve for frass disposal. 
Sometimes the entrance is sealed 
off with silk, but the mines re
main largely unlined. 

Between late May and July, 
the change to second instal' oc
curs within the widened area of 
the mine, which is further wid
ened and deepened in this stage, 
with extensions through the vas
cular region to the adaxial epi
dermis. Light filtering through 
this hollowed area reveals ample 
space for the larva to maneuver 
and reverse its direction. Often 
an exit is bored through the con
vex surface of the needle and 
used for expelling bm'ings and 
frass. The amOUiii of silk spin
ning varies consiaerably among 
second-instal' larvae. Infre
quently, the initial entrance and 
one or more frass exits are sealed 
off by this stage. 

The second ecdysis, resulting 
in the third instal', begins in late 
June. Most third-instal' larvae 
remain in the first needle 
through the third ecdysis. A 
small number migrate to and 
enter a second needle. 

11 



Third-instal' larvae mine pri
marily in the adaxial vascular 
region of the first needle entered, 
between the widened area and 
the needle apex. Two channels 
are hollowed along both sides of 
the needle, along with much of 
the central vascular area. This 
hollowing results in a flattened 
central core between epidermal 
layers. 

Third-instal' larvae also bore 
an exit hole large enough fOl' the 
fourth-instal' larvae. The dor
sally located exit hole is often 
near the original entrance hole 
and may obliterate it. Infre
quently, the exit hole is bored 
through the flattened surface 
just back of the needle apex. 

Many fourth-instal' larvae re
main for variable periods within 
the needle originally enter~d. 
They transfer to a second needle 
by late September. Many of them 
are lost within needles prema
turely dropped. Before transfer
ring, larvae in this stage may be 
seen in numbers within the first 
needles entered between July 23 
and September 15. Migrations 
during four generations, 1956 
through 1962, were similar in 
timing, beginning the third week 
in August and ending a month 
later. 

Transferring larvae migrate to 
the new-growth foliage of the 
terminal internodes of each twig. 
A larva enters between the op
posing flat surfaces of the two 
needles of a fascicle. It spins a 
silk tube between these surfaces 
or on a single surface where nee
dles are apart (fig. 4C). Where 
the opposed flat surfaces are 
close, it may enter both needles 
but fully mine only one. As the 
terminal foliage becomes fully 
infested, the larva may enter un

mined needles of the older twig 
internodes. . 

Newly transferred larvae are ~ 
visable within fresh needles sev
eral hours to a day after entry. 
They bore continuously and~· 
rapidly, and hollowed portions 
become plainly visible. 

Once within the second needle, ~ 
the larva continues to mine 
rapidly until cold weather re
turns in Novemuer. A needle 50 J
to 60 mm. long may be hollowed 
within 3 weeks. Some new nee
dles, shortened by the effects of ~ 
preceding generations of needle .. 
miners, are hollowed in less than 
10 days. In trees previously 
heavily infested, larvae often r
shift to four or more short nee
dles. 

Heavy populations of fourth
instal' larvae spin downward on 
silk strands in search of fresh J: 
needles after completely defoliat
ing the host trees. Large trees are 
often enveloped within a fragile, .'
short-lasting tent; small under
story trees are defoliated and en
closed by heavy webbing (fig. .... 
4E). 

The fourth ecdysis, and the be
ginning of fifth-instill' larvae, 4 

occur ordinarily about mid-April, 
with major transformation con
tinuing in May. Fifth-instal' lar
vae mine one or more normal- -«. 
length needles. The mines are 
lined heavily with silk, particu- • 
larly in the last-mined needle, ", 
which is the pupal chamber. The 
pupal cell often has thin, protec
tive barriers of silk. A silk ramp 1" 

leads from the anterior end of 
the cell through the heavily lined l 

exit (fig. 4D). The exit is ori- r 
ented toward the needle apex, 
usually along the flattened sur
face, about 16 to 23 mm. from 
the entrance bored by the 
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fourth-instar larva. The fifth-in to mid-July. In eight successive 
star larva seals the entrance be generations between 1953 and 

.... fore it pupates. 1967 the period varied between 
26 and 36 days. The period wasPupal Period 
delayed by 1 to 3 weeks in the... The pupal period lasts about 

30 days, usually from mid-June 1963, 1965, and 1967 generations. 

EFFECT ON HOST TREES 
p. 
.... Foliage Loss and Regrowth 

Individual twigs of nonin
fested lodgepole pine may keep

i" their needles up to 11 years. The 
oldest internodes lose their nee
dles naturally, but keep many of 

1 	 them. Almost all needles of the 
five terminal internodes are usu
ally kept. 

When trees first become in
fested, abscission and dropping 

"" intensify loss of the older foli
age, since the whole fascicle will 
fall when only one of the needles 

~ is attacked. Intact needles and 
unmined portions of needles en
tered turn yellowish to golden 

~ within 11 months after larval 
entry, then drop off-often be
fore many larvae have moved on 
to a second needle. • Forests quickly show the effect 
of heavy needle miner infesta
tions. Trees become yellowish 

~ after 10 months and appear 
scorched within a year, as larvae 

1-.. quickly mine the younger foliage. 
~ The fading, yellowish-white 

crowns become thinner and 
somewhat grayish because of 

.iJ their loss of older needles. By 
June, as the 2-year life cycle of 
the needle miner is nearing com
pletion, the forest appears to be 

i 	 dying. This change is offset con
siderably within a few weeks by 
elongating shoots, the growth of 
new needles, and the dropping of 

mined foliage. But the thinned 
crowns are evidence of the dam
age potential of successive needle 
miner generations. 

A recognized but unmeasured 
amount of needle killing is done 
by fourth-instar larvae. They 
often enter the two closely ap
pressed needles of a fascicle and 
spin a silk tube between them. 
Only one needle may be hol
lowed, but both die. Other nee
dles that the larva barely enters 
and then abandons also die. 

Infested trees may lose nearly 
90 percent of their needles dur
ing the first generation of an out
break. The loss is distributed 
about equally among all inter
nodes of needles. The loss of foli
age becomes increasingly damag
ing in successive generations as 
needle miners continue to attack 
the vital, younger needles. In the 
second, third, and often the 
fourth generations, populations 
established per twig progres
sively decline, but the damage 
impact on the host tree often in
creases. 

Shortened needles of the ter
minal shoots are conspicuous in 
fall at the beginning of the third 
successive outbreak generation, 
and each year thereafter as 
infestations continue. Needle 
length may be reduced to half 
normal or less after four or more 
generations, and the numbers of 

13 



60 

I 
Uninfested •••••••• 

I 
E,lodge ~~~~~~ 

I 
Dingley Cr. ~~~~~ 

I 
Delony Cr. ~~~~~ 

I
lk.~__Cathedrol 

-' o 20 40 

I[ 

I[ 

I[ 

A 

60 

o 

2 c:: 
o 

6 0 ... -. 
<U 

6 ~ 
<.:l 

B 6 
f 

20 40 
Needle Lenglh (mml NU(I1ber of Needles 

Figure 6.-Reduced average length (A) and number (B) of midcrown termi?al needles.r 
per twig in young uninfested and older heavily infested lodgepole pme stands. 
(Basis: 20 twigs per 10 trees each, 1961.) 

new needles are reduced even 
more (fig. 6). 

Stem and Shoot Growth Decline 

After a tree loses its needles, 
growth of lateral wood and ter
minal shoots is soon reduced. The 
slowdown, which is variable be
tween tl'ees, is gradual during 
the first heavy infestation, but 
continues more intensively in 
successive generations. 

Reduced lateral growth and 
decadence in lodgepole pine for
ests were reported by Patterson 
(1921). In 1957, I found severe 
reductions in radial growth in 20 
living mature lodgepole pine 
which had survived previous and 
current periods of outbreak. 
These reductions, in two periods 
between 1890 and 1957, con
b'asted with a regular pattern of 
radial growth in 30 nearby non
defoliated, mature red fir (fig. 
7). Stark and Cook (1957) found 
reductions in the width of annual 
rings of mature and young lodge
pole pines that had been about 50 
percent defoliated by C. starki. 
In Yosemite Park, they found 
similar reductions in width be
tween 1945 and 1950 in two trees 
about 30 percent defoliated by C. 

~ 
milleri. In one of the trees the 
width of annual rings increased to 
previous levels after 1950; the r 
tree had been sprayed the preced
ing year. 

Terminal shoot grovvth is se
verely shortened. In 1958, I com
pared the lengths of 20 terminal J 
internodes, each dating from 
1939, in 10 infested, pole-size 
lodgepole pine and in 10 nonin- ... 
fested red fir check trees (fig. 8). 
In lodgepole pine, the severe 
shortening of internodes was ... 
progressive, beginning in 1949 
after heavy and sustained needle 
miner infestations. In red fir, the 
usual fluctuations in length of « 

:c 010.---,--..--,-__--,-_,....--,.---, 

2 
u 
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-< 

~ 
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Figure 7.-Reductlon in radial wood ,.. 
growth of lodgepole pine by needle 
miner infestations in Yosemite based 
on mean radial growth of 30 mature 
lodgepole pines and 30 mature red 
fir nearby. 
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Figure S.-Mean Internode length of 10 
trees each of lodgepole pine and red 
fir. The effects of infestation can be 
seen in the reduction in internode 

., length of lodgepole pine, starting about 
1947. 

terminal internodes continued 
unchanged in and after 1!)49. 

In the heaviest centers of C. 
milleri infestations between 1947 
and 1963, defoliation by each 

~ 	generation was commonly esti
mated between 90 and 100 per
cent. Annual rings were less 
than 0.1 mm. wide-radial wood 
growth efj;\entially stopped. 

Tree Injury and Mortality 
Loss of needles, shortened new 

growth, and decline in stem and 
shoot growth culminate in the,.. 

death of a lodgepole pine forest. 
Mature and overmature stands 
have been the most severely dam
aged by C. milleri outbreaks. The 
major damage impact of infesta
tions since 1947 has occurred in 
older trees. 

Between 1953 and 1963, entire 
forest stands were killed on more 
than 6,000 acres in the Conness, 
Dingley, and Delaney drainages 
and in the Cathedral Lakes basin 
in Yosemite National Park. In 
age, 25 trees sampled ranged 
from 135 to 485 years; mean was 
278 years. The trees had been 
weakened by needle miner infes
tations and attacked latE!· by the 
mountain pine beetle. Thf:ir di
ameters varied from 22 to 52 
inches d.b.h., and they stood 
more than 120 feet tall. 

During this same period of in
festations, young stands of varia
ble ages from 20-year-old sap
lings more than 5 feet tall to 
trees more than 100 feet tall 
were severely damaged. Pole
size and larger trees suffered 
branch killing and seriously de
pressed growth. In the Cathe
dral, Murphy, Budd Creek, and 
Tenaya Creek drainages, dead 
and top-killed trees greater than 
4 inches d.b.h. were numerous in 
heavily stocked areas. 

STUDIES OF INFESTATIONS 


Long periods of damaging in
festations followed by sudden 

.; collapse have been characteristic 
. of the needle miner. Infestations 

fluctuate in intensity, showing 
"1 	 similaritip'7 in numbers of larvae 

in succel5sive generations in vari
ous locations. Infestations may 
develop at different times in dif
ferent stands and disperse out

wardly as each new generation is 
established. Bounds have been 
identified beyond which infesta
tions fail to develop. Spread is 
determined by ·weather, the asso
ciation of an arthropod parasite
predator complex, and diminish
ing host food. 

The sudden collapse of infesta
tions may be 2ssociated with 
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natural catastrophes. Winter tem
peratul'es dropping well below 
normal were closely associated 
with the collapse of C, starki be
tween 1950 and 1956 (Stark 
1959), In Yosemite, temperatures 
in winter from 1947 to 1963 were 
never low enough to reduce in
festations below damaging levels, 
but sharply declining popula
tions after 1963 followed cold, 
wet summer weather at the time 
of moth flight and eclosion in 
that year, 

The similarity in makeup and 
variability of infestations was 
observed at 25 locations between 
1953 and 1963. At each site, 
rapid changes from light to 
heavy infestations were evident 
by the second or third genera
tion. Larval populations dropped 
to lower levels in the next two to 
three generations as host food 
diminished (fig. 9). 

Sampling Procedures 

Dependable population esti 
mates were possible from sam
ples of larvae taken in October 
of the odd-numbered year, after 
complete eclosion; in spring and 
early summer of the even year, 
before the larvae start to move 
to the second needle; in the 
fourth instar after September of 
the even year; and at the pupal 
stage in early summer of the 
next odd year. Data at other 
periods were not comparable be
cause of larval migrations from 
needle to needle, the dropping of 
infested needles, and other natu
ral control factors. The best esti 
mates of emergence were ob
tained from samples of pupae 
collected after mid-June. 

The five-internode terminal 
was considered the most reliable 

16 

Year 1953 '55 '57 '59 '61 '63 

80 
C at he d r a I Cr. 

(yaung)60 

40 
<I.> 

;: 20 
.... 
o 

0-----="----' =-

Generatian 3 4 5 6 


80 .... 
o 

60 
.... 
<I.> 


-J:l 40 

E 
::J 20 
<: 

40 
Cathedral Lake 

~ ~ (mature)

2: ~ ~. pm ~ ~ wa 
Generatian 2 3 4 5 6 7 

40 
Dingley Creek 

(mature)
20 

O--''''''''----''''=--=''---J""",,,---'''=---=''-
C~neration 3 4 5 6 7 8 

Figure g.-Larval populations per tip in 
six generations of needle miner infesta· 
tion. 

unit for sampling infestations of 
.~ 

C. starki (Stark 1952), and was 
adapted for the sampling of C. 
milleri in the first to second gen- .« 
eratiOli:. Afterward, as defolia
tion progressed, the terminal two 
to three internodes of needles , 
were all that remained as a unit 
base for population estimates. 
The shorter tips remained ac- ,.. 
ceptable until the number of in
festing larvae fell below that re
quired for the sampling accuracy 
of a reasonable-sized area sam- ~ 
pIe. 

In sampling during the first 
two generations of an outbreak, 
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populations of larvae under 10 in 
the latest five internodes were 
rated light; 10 to 30, moderate; 
30 to 40, heavy; and over 40, 
very heavy. After two genera
tions of heavy to very heavy in
festations, six to 12 larvae in the 
remaining internodes of needles 
were rated moderate, and more 
than 12, heavy. 

Tip samples of four per tree 
were clipped from midcrown 
branches of medium-height trees, 
with pole-pruners reaching 18 01' 

more feet above ground (fig. 10). 
Midcrown populations were not 
found to be significantly different 
from those in the top levels and 
were acceptable as the crown 
mean (table 3). The number of 
trees sampled in a given area 
was determined from the infesta
tions per tip: 10 trees in heavily 
infested, and 15 to 25 trees in 
moderately infested stands. 

A Sf quential sampling system 
was developed by Stevens and 
Stark (1962) for population esti
mates in large blocks of forest. 
Adapted from the system for C. 
starki (Stark 1952), the system 
for C. milleri used only the latest 
two infested internodes. Four in
festation classes were designated: 
light, medium, heavy, very 
heavy. Living insects in samples 
from the mid crowns of 12 to 15 
trees were counted in the field. 
Counting was discontinued when 

F521094 

Figure 10.-Collectlng twig tips 'or 
sampling needle miner population. 

the total living infestation of the 
sample unit fell into one of the 
inf€station classes (Stevens and 
Stark 1962; fig. 11). 

Populations in lightly infested 
stands were generally below lev-

Table 3.-Populations in uppe1'- and midcro'Wns of lodgepole pine 
in Yosemite Natio'nal Pa1'k, California, 1956 (Basis: 40 tips, 10 trees) 

Top
Date 

Mean SE 

No. No. 
July 2 34.9 ± 2.16 
Sept. 15 43.8 ± 1.86 

1 Not statistically significant. 

Midcrown 
Significance

Mean SE (t) 

No. No. 
32.5 ± 2.76 '0.67 
39.0 ± 2.40 '1.57 

-1 
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Figure 11.-Sequential sampling lines for 
Co/e!ltechnites miller; (Stevens and 
Stal'k 1962). 

els that allowed reliable sam
pling procedures. Estimates in a 
given area were based on total 
counts of infested needles. Two 
categories of light infestation 
were recognized: (1) between 
one and four larvae per tip; (2) 
less than one larvae per tip. The 
number of larvae accepted as 
representing the higher level re
quired 100 random tips from 25 
to 50 trees. The lowest popula
tion level was estimated from all 
tips in branch samples from 10 
to 25 trees; each branch had 
about 25 tips. 

Zone Limitations 

Between 1947 and 1963, needle 
miner infestations in Yosemite 
National Park spread generally 
from west to east and remained 
confined to lodgepole pine forests 
'within an elevation range of 
8,000 to 10,000 feet (fig. 12). 
Spreading south and east from 
the most northerly infestation 

centers (Rodgers, Matterhorn, 
Virginia Canyons), outbreaks de
veloped in the north tributaries 
of the Tuolumne River (Conness, 
Dingley, and Delaney Creeks). 
Spreading north and east at the " 
same time from the most south
erly centers (Tenaya Lake, upper 
Tenaya Creek, Murphy, and Ca
thedral Creeks), outbreaks de
veloped in the Cathedral Lakes 
basin and into the south tribu- +
taries of the Tuolumne River 
(Budd, Unicorn, and Rafferty 
Creeks). Coalescing into the 
major drainage basin of the 
upper Tuolumne River, infesta
tions from both the northwest 
and south continued to spread r 
eastward through Tuolumne 
Meadows on into the two major 
forks of the Tuolumne River and 
toward Mono and Tioga Passes. 

Heavy infestations in Tuol
umne Meadows began in 1955. 
By 1963 they had extended east ~ 
and south into the drainages of 
Dana and Lyell Forks and north 
into the basin surrounding and 
east of Dog Lake. 

All previously recorded infes
tations occurred "rjthin the same 
range in elevation as the 1947 to ~ 
1963 outbreak. Many dead and 
bleached snag remnants from 
earlier outbreaks 'Vere still ~ 
standing upright within this 
zone. Below 8,000 feet elevation 
there was no evidence of pre- ~ 
vious infestations. 

Successive generations of mod
erate needle miner infestations \-
occurred in stands along north
and west-facing slopes reaching 
10,000 feet elevation. Eastward 
toward Mono and Tioga Passes, 
infestations remained extremely 
light for successive generations 
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in forests above 9,600 feet, but 
no studies were made to explain 
why. Also, populations remained 
light at elevations above 9,000 
feet toward the passes (table 4; 
fig. 12). Strong air currents near 

the passes may have prevented 
infestations from developing. 
Heavy infestation and damage 
continued in stands at lower and 
higher elevations elsewhere with
in the zone. 

Table 4.-Larvae established in successive generations at locations 
eastwwrd from Tuolumne Meadows nea1' Mono and Tioga Passes 
(Basis: total count from 100 tips each) 

Station Elevation 

Feet 
Gaylor 9,300 
Upper Mammoth 9,500 
Lower Mammoth 9,200 
East Lyell 9,200 
West Lyell (N) 9,100 
West Lyell (S) 9,100 

NATURAL 

Needle miner populations are 
affected by natural enemies, dis
ease, climate, and availabJe food. 
But natural factors do not exert 
their controlling effects soon 
enough during epidemics to pre
vent widespread tree mortality, as 
demonstrated in each of the 
three known outbreaks since 
1900. Needle miner populations 
that have reached a peak tend to 
persist for 10 to 20 years before 
collapsing. 

The biological control of nee
dIe miner epidemics can help re
duce and hold populations below 
damaging levels. Among many 
native arthropods which prey 
upon or parasitize the needle 
miner, some insect species have 
demonstrated considerable capac
ity for control. But no single spe
cies, group, or combination of a]] 
arthropods could hold down out
breaks of C. mille1'i in five suc-

Larvae per tip 

1959 1961 1963 

No. No. No. 
0.93 0.63 0.11 

.61 .29 .02 
2.00 1.32 .06 

.18 2.70 1.71 
2.63 4.22 3.54 
1.74 :'..22 .42 

CONTROL 

cessive generations studied be
tween 1953 and 1963. 

Climatic changes, however, 
could account for the decline of 
all Yosemite infestations below 
damaging levels. 

Arthropod Enemies 

Insects outnumber all other 
arthropod enemies of the needle 
miner. Predatory mites and spi
ders, including two families each, 
are the major arthropods other 
than insects (table 5). Most of 
the insect enemies are parasitic 
(fig. 13). Best known are hymen
opterous species of internal para
sites that are biologically syn
chronized with the host's life 
cycle. Nearly all complete devel
opment and emerge from the 
host larvae, most of them from 
the final instal'; several species 
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emerge from pupae. Several hy
menopterous species are parasitic 
externally, have short life cycles, 
and also parasitize the larvae of 
other host insect species. 

Identities of insect enemies 
have been recorded by McLeod 
(1951), Patterson (1921), Stru
ble (1967), Struble and Bedard 

(1958), Struble and Martignoni 
(1959), and Telford (1961a). De
terminations by specialists in
clude five orders, 19 families, 46 
genera, and 57 species of Class 
Insecta. Predatory species are'" 
represented by six families in 
four orders. The parasitic species 
are all in order Hymenoptera. 

F521095-F521096-F521097-F521098-F521099 

Figure 13.-Needle miner parasites: A, separating species; B, needle miner larva 
parasitized by eulophid larva; C, needle miner larva compartmented by polyem
bryonic Copidosoma larvae and C. deceptor adults; D, pupa and adult of Meteorus 
pinifoliae. 
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Table 5.-Parasites and predators associated with the lodgepole needle 
miner 

Class Order Family 

Arachnida 	 Acarina Anystidae
~ 

Erythraeidae 
Araneida Thomisidae 

Salticidae 
Insecta 	 Neuroptera Hemerobiidae 

Thysanoptera Thripidae 
Hemiptera Anthecoriidae 
Diptera Empididae 

Heleidae 
Chamaemyiidae 

Hymenoptera 	 Trichogrammatidae 
Braconidae 

Ichneumonidae 

Mymaridae 

Eulophidae 

Genus and species* 1.' 

Anystis sp, (Ba) 

Balaustium sp. (BA) 

Misumenops sp. (Cr) 

Sitticus sp. (Cr) 


Euthyneura sp. (A) 

Tachydromia sp. (A) 

Forcipomyia sp. 

Leucopis sp. (S) 

*Trichogramma sp. (G) Eggs 

*Mete01"Us pinifoliae Mason 


(W) pupae 
*Apanteles cali/ornicus Mues. 

(M) larvae 
A. alticola (Ashm) (M) 
Aphidius varigatus Smith (M) 
Eubadizon sp. (M) 
*Aethecerus pinifoliae Mason 

(W) pupae 

*Scambus aplopappi (Ashm) 


(CU) pupae 

*Eriplatys sp. (W) pupae 

*Itoplectis behrensii (Cress.) 

(M) pupae 
I. conquisitor (Say) (W) 
Scambus hispae (Harris) 

(Cu) 
Cremastus evetriae Cushman 

(Cu) 
Hemiteles sp. (W) 
Horogenes sp. (W) 
Campoletis sp. (W) 
Ooctonus sp. (Bu) 
Polynema sp. (Bu) 
*Sympiesis sp. (Bu) larvae 
*Dicladocerus sp.' (Bu) larvae, 

pupae 
*Chrysocharis sp.' (Bu) 

larvae, pupae 
*Zagrammosoma multilin

eatU!1n (Ashm.) (Bu) larvae 
*Z. nigrolineatu7n (Crawf.) 

(Bu) larvae 
*Diglyphus sp. (Bu) larvae 
Z. americanum' Girault (Bu) 
Tetrastichus sp. (Bu) 
T. silvaticus Gahan (Bu) 
Derostenus sp. (Bu) 
Diaulomorpha sp. (G) 
Cirrospilus jlavoviridis Craw

ford (G) 
Achrysocharoides sp. (G) 
Euderus sp. (G) 
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Table 5.-Parasites and predators associated 'With the lodgepole 
needle miner-Continued 

Class Order Family Genus and species* 1,' 

Thysanidae Thysanus sp. (Bu) 

Encyrtidae *Copidosoma deceptor Miller ~ 


(Bu) larvae 
*C. bakeri (How.) (Bu) larvae 
*Copidosoma sp. (Bu) larvae 
Aphycus sp. (Bu) 
Blastothrix longipennis How

ard (Bu) 
Lyka sp. (Bu 1952) 
Syrphophagus sp. (Bu) 

Torymidae Torymus sp. (Bu) 
Pteromalidae *Amblymerus spp.' (Bu) 

larvae 
*Hypopteromalus sp. (Bu) 

larvae 
Tridymus sp. (Bu) 
Spintherus sp. (Bu) 

Eurytomidae Eurytoma sp. (Bu) 
Platygasteridae Platygaster sp. (M) 
Sphecidae Xylocelia sp. (K) 

Passaloecus sp. (K) 
Chalcididae *Spilochalcis albifrons 

(Walsh) pupae (Bu 1955) 
*S. side (Walker) (Bu) pupae 
*S. sanguiniventri.'1 (Cress.) 

(Bu) pupae 

*Starred species are parasites found emerging from the needle miner stage ~ 

specified. 

1 Abbreviation of identification specialists of the U.S. National Museum are in 

parenthesis as follows: A-Arnaud, P. H., Ba-Baker, E. W., Bu-Burks, B. D., 

Cr-Crabill, R. E., C~I-Cushman, R. A., G-Gahan, A. B., K-Krombein, K. V., 

M-Muesebeck, C F. W" S-Sabro!;ky, C. W., W-Walkley. L. M. 

'Hyperparasitic; Telford(1961a). 


Trichogramma sp. (Tricho
grammatida,e) was the on}y para
site I reared from needle miner 
eggs. The incidence was rare 
among thousands of eggs exam
ined in five needle miner genera
tions. 

No parasites have been reared 
from host adults, but there is a 
single instance of adult predation 
by the empidid, Tachydromia sp. 

Certain of the parasitic Hy
menoptera have shown greater 
capability than others in biologi
cal control. Telford (1961b) 
rated as best those having host
synchronized life cycles and a 

great capacity for seeking out ~ 
needle miners. Studies of encyr
tids and braconids were later ex
tended to include some of the 
asynchronous nonhost-specific 
eulophids (Struble 1967). 

Hyperparasites may limit the ~ 
effectiveness of primary parasites 
in serving as natural controls. 
Telford (1961b) found that Copi- r 
dosoma deceptor and Apanteles 
californicus were parasitized by 
Amblyme1"1lS sp. "a," Zagrammo- r 
soma am eric anum, and Chryso
charis sp. "a." C. deceptor was 
also parasitized by Tetrastichus 
(prob.) coerulescens and Tetrasti
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chus sp. "a." Aethecerus pinifoliae 
was parasitized by Amblymerus 

'". sp. "a" and Chrysocharis sp. "a." 
In an earlier study, Telford 
(1961a) concluded that comple

~. mentary attacks of the six most 
consistent primary parasites 
could - hypothetically - reduce 

~ needle miner infestations to non
outbreak status, even thou~h 
these parasites did not control 

~. the outbreak during the genera
tions studied. 

Betwee.'n 1961 and 1965, I stud
~ ied parasites closely synchro

nized. with the needle miner life 
~ cycle and those asynchronous 
, (Struble 1967). The number of 

both maturing and newly estab
lished needle miners was high in 
1961. In 1963, maturing popula
tions continued in outbreak pro

i'-	 PI.orhtidons, but dthel' nedwly hestalb-
IS e ones ec me s arp y. 

Host populations begun in 1965 
~ were well below those started in 
. 1963. The causes of declines in 

populations noted in 1963 and 
1965 could not be associated with 

~. the parasite complex. 
From data gathered between 

1959 and 1966, I tentatively con
• 	 cluded that certain primary eulo

phid parasites were more com
mon ttan previously recognized 

,. 	 (Struble 1967). For example, Di
cladoecerus sp. was highly con
sistent in each needle miner gen

• eration, in parasitizing among all 
larval instal's and pupae. Para
sitism by this genus increased 
progressively among each of the 

.; 	 first four larval instars, but de
creased in the fifth instal' and 

; pupae. Two other primary eulo
-; phids, Sympiesis sp. and Z. mul

tilineatwfn, commonly parasitized 
third- to fifth-instar larvae. Peri 
odically, other less common asyn

chronous, primary parasites 
often were numerous in specific 
locations but absent from others. 
The ichneumonid Aetkecerus sp. 
and chalcid Spilochalcis sp. 
emerged from pupae only in cer
tain generations. 

Primary parasites synchro
nized with the needle miner life 
cycle occurred most often in the 
fifth host instal' at pupation. In 
order of most consistent occur
rence they were: encyrtid, C. de
ceptor; and braconids, A. califor
nic1ls and M. pinifoliae A decline 
in these parasites. proportional to 
declining host popUlations was 
evident after 1963. 

Birds 
Birds play a variable role in 

the control of infestations. They 
may contribute measurably at 
times, but their effectiveness rel
ative to other biotic factors is not 
known. Several species feed on 
maturing needle miner larvae 
and pupae inside the needles and 
on adults in flight. Bird preda
tion has not been observed on the 
minute eggs and on early larval 
stages the first year. As a food 
source for birds, needle miners 
are available only during the 
final months of a generation. 

The known avian association 
in lodgepole needle miner out
breaks is very limited. Observa
tions during three maturing gen
erations have given little more 
than clues to the frequency, 
abundance, and food habits 
among different bird species 
identified. The bird species ob
served associated in needle miner 
outbreaks and identified from 
published descriptions (Peterson 
1941) are, by categories: 

1. 	 Feeding on larvae and 
pupae: 
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Mountain chicadee (Pen

thestes atricapillus) 

(Western) warbling vi

reo (Vi?'eo gilvus s'Wains

oni) 

Audubon's warbler (Den

droica auduboni) 

Cassin's purple finch 
(Carpodacus cassini) 
Oregon junco (Junco ore
gonus) 

2. 	 Suspected feeding on lar
vae and pupae: 
Western tanager (Pi1'
anga ludoviciana) 
Pine siskin (Spinus 
pinus pinus) 

3. Feeding on adults 
(moths) : 
Western wood peewee 
(Afyochanes richardsoni 
richardsoni) 
Hammond's flycatcher 
(En/,1Jido1Utx hammondi) 
Audubon's warbler (Den
d1'o'ica auduboni) 
Calaveras warbler (Ver
1nivora 1'uficnqJilla ·ridg
1l.'nyi) 

Evidence is strong that matur
ing needle miner populations 
comprise a major portion of a 
chickadee's diet (Telford and 
Herman 1963). Other birds asso
ciated with the chickadee would 
benefit similarly if their migra
tion coincided with the period of 
outbreak. But this food source 
would be available less than 6 
months every 2 years. 

Pathogens 

A native granulosis virus in 
needle miner populations has been 
known since 1951 (Steinhaus 
1957). In a single area, mortality 
in 1953 attributed to infection by 
this virus was estimated at be

tween 30 and 50 percent.< This 
was the highest incidence found 
among outbreak populations ma
turing through 1963. The virus 
did not become epizootic, though 
widely distributed within out- ~ 
break areas. The infection rate 
varied, but remained well below 
an effective level of control 
(Struble and Martignoni 1959). 

Heavy resining of needles con
taining dead first-instal' larvae ,;
has followed infections by a nee
dle fungus in certain locations. 
The needle fungus, identified as 
Hypodermelln montana Darker," 
was found localized in lodgepole 
pines growing in stream bottoms. 
Fungus infections identifiable in r 
June were found in resin-satu
rated needles attacked by the 
needle miner the previous fall. 
There were no larvae surviving 
in numerous needles observed. 

Weather 

Weather appears to have an 
important bearing on the epide
miology of needle miner popula
tions. Wellington (1954) pro
posed that variation in climate 
just before or at the beginning of 
an outbreak by an insect species 
that exhibits large and sudden 
fluctuations can determine the 
course of an epidemic. In studies 
of C. starki, Henson et al. (1954) 
found that periodic winter flows 
of unusually cold and stagnating • 
air masses were associated with 
immediate heavy mortality. The 
possibility of predicting C. starki j. 

~ Thompson, C. G. Semiannual report, 
Jan. 1 to June 30, 1953. (Unpublished 
report on file, Dep. BioI. Contr., Univ. '"" 
Calif., Berkeley.) 

, Identified by R. S. Smith, Pacific 
SW. Forest and Range Exp. Sta., For
est Serv., U.S.D.A., Berkeley, Calif. 
Personal communication, Aug. 8, 1963. 
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outbreaks based on weather 
fronts and local climatic disturb
ances was emphasized by Stark 
(1959). He based his thesis on 
the relative roles of biotic and 
climatic factors. Additional ob
servations of the species have led 
to the speculation that "weather 
during the oviposition period 
regulates the population" (Shep
herd 1963). 

~ Cold weather and storms oc
cUlTing just before and during 
the period when new needle 
miner generations are being es
tablished may cause an outbreak 
of C. millm'i to decline. My obser
vations in Yosemite between 

, 	 1955 and 1965 showed that (1) 
pupation and emergence were de
layed when late spring and early 
summer temperatures remained 
several degrees below normal; 
and (2) mating and oviposition 
stopped whenever air t,~mpera
tures dropped below 50° F., wind 

-.:t speeds were above 5 miles per 
hour, and rain fell. 

Delayed and prolonged emer
gence and flight of C. mille1'i 
adults in 1963 and 1965 were un
equaled in studies of the previous 

.. five generations between 1955 
and 1961, (table 1), and not indi
cated in my observations of ear
lier generations between 1945 

and 1953. A corresponding delay 
followed in the establishment of 
the next two generations, as 
measured by the duration of ovi
position and rate of egg hatch. 
The emergence periods of adults 
were more prolonged in 1965 than 
in 1963 (fig. 14). 

Compared with previous gen
erations established, larval popu
lations declined progressively in 
October 1963 and 1965, to 27 per
cent and 11 percent of the 1961 
level, rospectively (fig. 14). This 
was a two-generation drop from 
epidemic numbers of more than 
25 larvae per twig to endemic 
levels of fewer than 2.5 larvae 
pel' twig. 

Temperatures in June and 
July 1963 and 1965 were well 
below those for the same months 
in 1961. In addition, there were 8 
consecutive rainy days in August 
1965. Seasonal temperature dif
ferences can be expressed as de
gree-days above the developmen
tal threshold assumed to be 40° 
for the needle miner. At the re
C!ording location, degree-days 
from June through August for 
1961, 1963, and 1965 were 
respectively 2,598, 1,873, and 
1,600 (table 6). 

A decline in population level in 
1963 was suggested by the third 

1955 ~ A. 
1957 ~ 
1959 ~ 
1961 ~~ 

-4 1963 ~~ 
1965 ~~ 

-f 10 20 30 9 19 29 9 5 10 15 20 25 30 35 
July Augusl SepT. Number of Lorvae 

Figure 14.-Adult emergence and brood established in six needle miner generations: 

A, period of adult emergence; 8, number of larvae per twig. 
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Table 6.-Degree-days during 
needle miner-establishing pe
riods, Yosemite Naticmal Park, 
California 

Year June July August 

1961 398 880 1,320 
1963 194 598 1,081 
1965 200 480 920 

to fourth week after oviposition 
was completed. Eggs did not 
begin to hatch until late in Sep
tember, a time when most hatch
ing should have been completed. 
Counts the following spring 
showed that 20 percent of the 
eggs failed to hatch. This trend 
continued more sharply down
ward in 1965, when all eggs ob
served in late September were in 
the beginning period of incuba
tion, and no signs of hatching 

were evident before the middle 
of October. 

Larval populations established 
in 1963, 1965, and 1967 were pro
gressively smaller in eight out of 
15 drainage basins at elevations .. 
ranging between 8,000 and 9,600 
feet, previously undisturbed by 
aerial sprays (table 7). Incom
plete data from six other drain
ages suggest a similar down
ward trend. In the remaining t
drainage (Murphy), the popula
tion dropped sharply in 1963 and 
1965 but then increased in 1967. 
However, survival was much 
higher than average in certain 
locations at lower elevations in 
1963, 1965, and 1967. Popula-·~ 
tions of larvae established in 
1967 at six of the lower stations 
were 23 times the number occur
ring at nine higher stations. 

Table 7.-La7·vae established in three generations in T1.wlwnne-Me7·ced 
wate7·shed, Yosemite National Park, California (Basis: 100 tips, t

10 trees per station) 

Locality 

Lower Tenaya 
Murphy 
Murphy Weather 

Station 
Olmstead #1 
Olmstead #2 
Bear Pits 
Cathedral Creek 

West 
Cathedral Creek 

North 
Cathedral Creek 

South 
East Cathedral 
Dog Lake 
Delaney Creek 
Dingley Creek 
May Lake 
Cathedral Lake 

Elevation 1963-65 

Feet 
8,000 
8,400 220 

8,400 
8,400 840 
8,300 
8,700 502 

8,500 110 

8,500 

8,500 110 
8,600 
9,200 193 
9,200 1,572 
9,200 1,380 
9,600 300 
9,600 78e 

Generation 

1965-67 1967-69 

Number 

190 
674 
425 

... 

286 
339 
290 

267 
150 
74 

204 

0 11 

151 0 

107 
135 

62 
205 
206 
146 
218 

10 
23 
28 
10 
4 

24 
8 
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The higher rate of survival at 
the lower elevations of the infes
tation zone suggested local pro
tection from strong winds, ad
verse cold, and storm conditions. 
The lower stations showed simi
larities of terrain and forest 
cover: (1) close proximity of 
high mountains and tall trees to 
serve as barriers to prevailing 
air movement; (2) moderate to 

~ dense lodgepole pine cov~r in 
. flats and along slopes often mter

spersed by varying sized, exposed 
granitic rock outcroppings and 
glacial boulders capable of ab
sorbing and radiating heat from 
exposure to the sun. Slightly 

"1 	 higher temperatures were proba
ble in these lower locations, tend
ing to favor earlier and longer 
establishing periods than those in 
similarly protected locations at 
higher elevatio:;:.;. 

I have suggested the term 
"survival refuges" for areas of 

-t this kind, which may well serve 
as epicenters from which epi
demics could spread when 
weather conditions become fa
vorable for flight, oviposition, 
and incubation. The physical 
makeup, bounds, and micro cli

.... mates of refuges remain to be 
fully identified and described. 
The identification and surveil
lance of survival refuges could 
be of great importance in pest 
management procedures, particu

,- larly during endemic periods. 
Early corrective measures might 
be taken on these small areas for 

1 possible prevention of future epi
demics. The rate of population 
increase in refuges could fore
warn of more widespread in

~ creases. 
In addition to generalized 

weather influences, local effects 
have been observed. There was 

strong evidence of a localized 
freeze-killing of C. milleri larvae 
in Tuolumne Meadows, Yosemite 
National Park, during the winter 
of 1961-62. This was the first 
positive instance of potentially 
catastrophic killing observed in 
the continuing outbreak popula
tions since the infestations began 
there in 1947. Freeze-killing 
ranged from 15.3 to 89.6 percent 
(table 8), all above snow level on 
the trees at the lowest meadow 
elevations; needle miners on 
lower limbs were protected by 
the snow. No freeze-killing was 
found in a site along a slope 150 
feet higher than the lowest mead
ow elevation. A minimum tem
perature of -220 F. registered 
there was evidently above tem
peratures approaching the killing 
range (not yet determined) of C. 
milleri. This killing was highly 
localized across Tuolumne Mead
ows and had little effect on the 
general level of populations. The 
winterkilling of C. sta1·ki in 
1949-50 came earlier in the 
course of the epidemic. 

Weather elements other than 
cold can adversely affect the nee
dle .miner. Wind, wind and rain, 
or hail can kill needle miners in
directly by dislodging infested 

Table 8.-Localized 1vinte1· freeze 
m01·tality in T'lwll£mne M end
01OS, Yosemite National Pw/"k, 
Calif01·nia, 1961-62 

Larvae in samples 
Eleva- Sta

tion tions Total Percent 
Feet number killed 

8,600 7 1,204 89.6 
8,625 3 580 70.8 
8,650 4 671 48.2 
8,700 3 792 28.9 
8,750 1 85 15.3 
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needles. Severe localized thun
derstorms with heavy amounts of 
hail or rain dislodge the greatest 
number of needles. Many needles 
fall during moderate to high 
gusty winds. Two periods in the 
life cycle may be subjected to 
these severe storm effects: (1) 
August and September, before 
third- and fourth-instal' larvae 
have moved on to fresh needles; 
and (2) June and July, before 
adult moths have emerged. Drop
ping of needles in August-Sep
tember is enhanced by abscission 
layers formed in most of the in
fested, older needles. Larvae 
were found in 12.3 percent of the 
mined needles dropping in 400 
square feet of area for 22 days in 
August 1960 (fig. 15). Pupae to
taled 1,450 in an estimated 
15,000 needles dropping in 200 
square feet for 1 week in June 
1959. 

Thus, weather appears to act 
in several ways against the nee
d:e miner and could be a factor 
In determining the course of an 
epidemic. (1) Adverse weather 
at the time of the establishment 
of two successive generations 
could be the primary agent in re
ducing the infestation from epi
demic to endemic level. (2) Win
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Figure 15.-Larvae in 51,000 storm
dropped needles. .I 

tel' freeze":kill can cause heavy, t 
highly localized mortality, but 
may not have a major effect on 
the course of the epidemic. (3) ~ 
Storms at certain periods cause 
infested needles to drop from the 
trees; this loss of needle miners 
may not affect the course of an +

epidemic. 

INSECTICIDAL CONTROL 


To control the lodgepole needle 
miner, a variety of insecticides 
have been tried. At best, insecti
cidal sprays are a stopgap meas
ure to prevent excessive needle 
miner damage in stands affected 
by continuing epidemic infesta
tions. 

Aerial DDT sprays were tried 
in 1949 and 1953 as control meas
ures, but they did not prove ef

fective. As newer insecticides be-
came available, they were com
pared \\Titll DDT. These ne,ver ; 
toxicants-endrin, dieldrin, mal

.rathion, and heptachlor-were 
used as oil or emulsifiable con
centrates diluted in diesel oil or '"" 
water, respectively. Sprays were 
applied against the different de
velopmental stages of the insect, 
beginning in 1954. Some sprays 
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were timed to coincide with mi
gration of larvae and emergence 
of adults. And some were tested 
as toxic penetrants against lar
vae and pupae within needles. 

Preliminary tests of dosage, 
coverage, and insecticidal action 
were made with hand-operated 
spray equipment. They were fol
lowed by larger tests of power 
mist-blower applications to trees. 
The aim was to obtain a uniform 

~. spray coverage similar to that 
obtained by aerial sprays. Spray 
droplet diameters ranged be
tween 150 and 300 microns mass 
median diameter. 

As more powerful helicopters 
~ became available, they were used 
, to spray test plots in 1957 and 

1958. The dosage volume per 
acre was determined by measur
ing droplet patterns on oil-sensi
tized cards (Isler and Yuill 
1956). Applications were timed 
against the insect stages found 
most vulnerable in earlier tests: 
(a) migrating new larvae after 
eclosion, and (b) newly emerged 
moths before ovipositing. 

In 1959, the National Park 
Senice began insecticidal control 
operations at Yosemite National 

.... Park. The aim of applications be
tween 1959 and 1963 was to con
serve specific areas of scenic for
est having good prospects for 
recovery. Some areas were old 
stands that had been weakened 

;.. 	by two successive generations; 
some were younger forests of 
poles (6- to 10-in. d.b.h.) and 
smaller diameter trees weakened 

., 	 by three 01' more generations. 
Nine thousand to 10,000 acres 
were sprayed. Outbreaks in both 

., old and younger stands had de
veloped from the gradual en
largement and coalescence of in
festation centers. 

The application in 1959 was 
two pounds of malathion in 20 
gallons of diesel oil per acre; this 
was applied in July for the moth 
and in August for the first instal' 
larva. In 1961 and 1963, the dos
age was reduced to one pound in 
10 gallons per acre and was used 
only for the moths. 

Each helicopter spraying of 
needle miner infestations in 
1959, 1961, and 1963 6 was an ex
tension of the last area to be 
treated. The total area sprayed 
was divided between the three 
operations-each covering about 
4,000 acres. 

The beginning spray date was 
predicted 30 days ahead from the 
mean 30-day pupal period. It was 
forecast as soon as pupation ap
proached 25 percent in repre
sentative periodic samples from 
the area to be sprayed. A 5-day 
notice of the spray date followed 
immediately, as moth emergence 
averaged 1 percent in daily sam
ples. Experience in 1959 had sug
gested a reasonable assurance 
that a minimum 25 percent of all 
insects would emerge by the be
ginning spray date in 1961. Five 
percent of the emerged insects 
would be females. This timing 
assured against heavy oviposi
tion before spraying. 

Criteria for terminating spray 
applications depended on contin
uous daily sampling until mean 
emergence was 70 percent, or 15 
days from the beginning spray 

• Unpublished reports on file, Na
tional Park Servkc:, Yosemite National 
Park, Calif., by Sharp and Smith 
(1959), Thompson and Orr (1961), and 
National Park Service (1963). Unpub
lished reports on file at Pacific SW. 
Forest and Range Exp. Sta., U.S.D.A. 
Forest Serv., Berkeley, Calif., by 
Stevens and Rtruble (1959), Stevens 
(1961), Moore (1963). 
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date. In 1961, spraying was com
pleted long before the 15-day 
limit. Because low seasonal tem
peratures delayed emergence in 
1963, the beginning date was 2 
weeks later than in 1961. 

Effect on Needle Miners 

In both preliminary and opera
tional tests, control effectiveness 
was determined by comparing 
sprayed and unsprayed infested 
tips samples before and after 
spraying. Between 1954 and 
1956, the comparison showed 
that malathion-diesel oil solution 
sprays caused the highest needle 
miner mortality: malathion > 
dieldrin > endrin > heptachlor 
> DDT.' 

Of the aerial sprays tested in 
Yosemite National Park, mal
athion proved the most effective. 
It was applied by helicopters at 
the rates of 1 pound in 10 gallons 
and 2 pounds in 20 gallons of die
sel oil per acre. The amount of 
control ranged from 68 percent 
for larvae to 75 percent for 
moths. 

Larvae were eliminated as a 
target stage in 1961 and 1963 be
cause of superior controls 
against moths and the ineffi-· 
ciency of separate operations 
against each of the insect stages. 

'Struble, G. R. Biology and ecology 
of the lodgepole needle miner, progress 
report of research in 1957. 1958. 

Struble, G. R., and Stevens, R. E. 
Tests to control the lodgepole needle 
miner in Yosemite National Park, sea
son of 1958. 1960. 

Trostle, G. C., and Eaton, C. B. Tests 
with insecticides to control the lodge
pole needle miner, 1956 and 1957 sea
sons. 1958. 

(Unpublished reports on file at Paci
fic SW. Forest and Range Exp. Sta., 
U.S. Forest Serv., Berkeley, Calif.) 

Also, the higher dosage rate was 
discarded as a result of labora
tory research. Of the nine addi·· 
tional chemicals compared in 
spray chamber tests, only lin
dane excelled malathion in the 
highest relative potency esti
mated in all trials: lindane > 
malathion > trithion > diazinon 
:> dieldrin > heptachlor > car
baryl > dimethoate > demeton.s 

Malathion was selected over lin- ~. 
dane for continued use because of 
the rapid decline of its residues 
and its lower hazard to fish and 
wildlife. 

Spraying by helicopter re
sulted in greater control than 
was achieved in earlier test ap- r 
plications of malathion. Success 
was attributed to better timing, 
improved equipment, tighter con
trols over insecticidal formula
tions, and flying conditions. With 
applications aimed at the moth 
stage, the amount of control 
against needle miner populations ~ 
was 89.9 percent in 1959, 90 in 
1961, and 87.5 in 1963. With few 
exceptions, only one spraying 
was needed to control infesta
tions. 

Control proved long lasting. 
Before spraying in 1959, matur- .... 
ing needle miner populations 
were 37.68 ± 4.98 per tip. In 
1961, mean populations of the 
maturing generation were 
3.14 ± 0.18 per tip in the 
sprayed area, while in surround- • 
ing unsprayed lodgepole they 
were more than 18 per tip. Two 
and four years after spraying, 'r 
the same relative difference in 
populations was maintained in 

'Lyon, Robert L. Insecticides for)
controlling the lodgepole needle miner. 
1962. (Unpublished report on file at 
Pacific SW. Forest & Range Exp. Sta., 
U.S. Forest Serv., Berkeley, Calif.) 
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sprayed and unsprayed forests Measurements of radial wood 
(Struble 1965). Similar results growth in 1966 showed immedi
were achieved from the 1961 and ate recovery after the 1959 spray 
1963 operations. The long-term application (fig. 16). 

Table 9.-Needle miner larvae established in October in sprayed and 
surr07w4ing unsprayed lodgepole pine 

~ 

4

... 

Locality 

Lembert 
Campground 
Plot H 
Plot G 
Base 
Plot A 
Plot 0 

Mean 

Upper Tenaya 
East Cathedral 
Delaney Creek 
Cathedral Lake 
May Lake 
Dog Lake 
Olmstead #2 

Mean 

effect of treatment was still evi
dent in 1965 and 1967 (table 9), 
when the number of larvae was 
found to be more than three 
times higher in unsprayed than 
in sprayed sites. 

The spray treatment in 1959 
produced striking differences in 
appearance between sprayed and 
unsprayed young lodgepole pine 
forests. Such differences were 
visible in 1961. By 1963, trees in 
the sprayed area had produced 
five full noninfested internodes 
of green needles. Trees sprayed in 
1961 had. three new internodes of 
intact needles per twig by 1963. 

Total larvae in 100 tips 

1965 1967 

No. No. 
Trees Bprayed,1959-63 

168 
46 
65 
14 
60 

4 
16 
53.3 

48 
33 
21 

6 
39 

0 
0 

21.0 

Unsprayed trees 

230 95 
135 64 
205 49 

87 28 
146 59 
195 45 
292 133 
184.3 67.7 

Effect on Nontarget Organisms 

Because of their rapid break
down to nontoxic substances, 
malathion-oil spl'ays were selected 
as least hazardous to forest life 
other than the needle miner. 
Against invertebrates there was 
considerable killing of exposed 
species on contact with spray 
droplets. Some fish in oil-cov
ered, still pools were killed. And 
there ,vas evidence of considera
ble killing of embryos in oil-cov
ered incubating eggs. There was 
no evident damage to large or 
small mammals. 

i 
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Figure 16.-Recovery of radial wood 
growth after 1959 spraying: A, basal 
disc seclion arrow points to period of 
of depressed ring widths; B, annual 
ring widths expressed In percent of 
1947 ring width. 

Drop-cloth collections dis
closed that massive numbers of 
adult insects and many spiders 
were killed. Most of them fell 
within the first 24 hours, but 
some continued to fall 14 days 
after the spray applications. 
After the 1961 sprays, 60 fam
ilies in 12 orders of insects and 
two species of spiders were listed 
in counts of dead insects. These 
amounts were somewhat higher 
than those in counts made after 
the 1959 and 1963 applications. 

Among the arthropods killed 
by the spray were five key hy

menopterous parasites, two of 
them host-synchronous, and the 
predatory arachnids. The possi- . 
bility of permanent harmful ef
fects against natural enemies of 
the needle miner was foreseen 
from bioassay tests made after 
the 1959 operation (Telford 
1961a). But no such effects were 
found in population samples 
from sprayed and unsprayed for
est 2 and 4 years after spraying i

(Struble 1965). The proportions 
of the host insect to its principal 
parasites remained similar to 
prespray levels. Also, the species 
composition of all parasites was 
relatively unchanged. 

Harmful effects on fish were r 
nominal. 9 Because some of the 
fish killed were downstream, 
toxic concentrations of malathion 
were suggested. Other fish were 
found in stagnating pools cov
ered by oil film. No damage \vas 
reported among trapped fish held 
in full flowing streams exposed r 
to malathion sprays. Considerab1e 
numbers of stream inverte
brates-an important source of 
fish food-were killed. 

No signs of gross physiological 
damage to small mammals and ... 
songbirds because of exposure to 
malathion deposits were appar
ent. Cooperative research studies 
reported by U.S. Bureau of Sport 
Fisheries and Wildlife 10 strongly 

• Unpublished reports of California • 
Division of Fish and Game on file at 
Pacific SW. Forest and Range Exp. 
Sta., USDA Forest Serv., Berkeley, • 
Calif.; Bishoff 1961; Hunt 1963. 

I. Keith, James O. Evaluation of local 
pesticide wildlife problems in the wes
tern United States. Work unit D-34. 
Malathion applications in Yosemite. r 
1964. (Unpublished report on file at 
Bureau of Sport Fisheries and Wild
life, Fish & Wildlife Serv., U.S. Dep. 
Interior, Box C, Davis, Calif.) 
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suggested that malathion appli the indirect influence resulting
cations had no immediate meas from the killing of insects. 
urable harmful effect other than 

CONCLUSIONS 

The number of lodgepole nee
~ dIe miners surviving in succes

sive generations is the basis for 
appraising, predicting, and plan

...j,: ning to forestall damage. The 
.number is determined by prop
erly timed surveys. The timing 
of C. milleri surveys begins in 
odd-numbered years: (1) Octo
ber 1 (first instar); (2) Septem
ber 15 (fourth instar); (3) June 

.. 15 (pupae). 
In any given area, increasing 

infestations between· generations 
are indicated by a sharp rise in 
numbers of larvae in, or adults 

"- emerging from, infested needles. 
When mean emerging popula

\..1 tions rise above six per tip, plans 
~. to forestall damage should be 

made. No action is required, 
however, unless emerging popu

~. lations rise above 12 per tip. 
More than 12 moths per tip indi
cate that progeny populations 

<it greater than 20 _larvae per tip 
will reach destructive levels. 

Aerial insecticidal sprays have 
.. demonstrated good control poten

tial against devastation; but, be
cause complex relationships must 

~ be considered, the proper time is 
not always clearly evident. Aer
ial sprays should be used only 

IJ when the risk of injuring life 
~ forms other than the target in

sect is at a minimum. Machines, 
dispersal equipment, and insecti

.., cides are available, but the best 
combinations for the most effec
tive and safest use remain to be 
developed, tested, and proved. 

Weather appears to be a major 
cause of fluctuations in needle 
miner populations. Between 1963 
and 1967, C. milleri populations 
declined from epidemic to en
demic numbers. This decline 
began during the periods. of es
tablishment in 1963 and 1965 in 
two successive generations. Be
low-normal cold weather preceded 
establishment, and cold, stormy 
weather followed during flight, 
oviposition, and incubation. 

There is growing evidence that 
the lodgepole needle miner fl.lUnd 
in Yosemite National Park devel
ops in refuges within the high
elevation outbreak zone areas that 
harbor endemic populations 
many times larger than average. 
Usually found in drainage bas
ins, these refuges vary in size 
and have protective features that 
favor needle miner survival dur
ing unfavorable weather. It may 
be possible to detect and control 
rising populations in refuges and 
thereby prevent outbreaks. But 
to do so, it will be necessary to 
identify the physical bounds of 
reiuges and the climatic influ
ences on outbreaks. From results 
obtained so far, early detection 
of outbreaks by this approach 
appears to be an attainable goal. 

Pesticides Precaution 

This publication reports re
search involving pesticides. It 
does not contain recommenda
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tions for their use, nor does it 
imply that the uses discussed 
here have been registered. All 
users of pesticides must be regis
tered by appropriate State 
and/or Federal agencies before 
they can be recommended. 

CAUTION: Pesticides can be 
injurious to humans, domestic 
animals, desirable plants, and 
fish or other wildlife-if they 
are not handled or applied prop
erly. Use all pesticides selec
tively and carefully. Follow rec

/ /. 4) ~L,'£~ 
(/,Jd ~~~~ 

ommended practices for the FOLLOW THE LABEL 
disposal of surplus pesticides and 
pesticide containers. u.s. DEPARTMENT OF AGRICULTURE 
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