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IMPACT OF THE REDHEADED PINE SAWFLY
(HYMENOPTERA: DIPRIONIDAE) ON YOUNG RED
PINE PLANTAnONS
Robert D. Averill, I Louis F. Wilson,2 and Richard F. Fowler3
ABSTRACT
The ecology of the redheaded pine sawfly was studied relative to its impact on red pine
plantations. An ecological model, which formed the basis for socioeconomic analysis, was
constructed. Because the sawfly prefers trees under moisture stress, damage is most severe
in srands growing on sand blows, where there is competition for moisture from bracken fern
and hardwoods, and where soils are too moist, too shallow, or too compacted. Outbreaks
also appear to be related to dry years. The sa~t1y has a variable impact on multiple-use
.-alues. Because it injures the least productive trees in a stand, timber is only indirectly
affected. Small openings created by tree mortality after an outbreak may provide edge
'Wildlife habitat. The sawfly has both negative and positive effects on recreationists, depend
ing upon the type of recreation; it may be a nuisance to campers, but may positively
influence hunting. Preventive sawfly management involves proper site selection for red
pine.

The redheaded pine sawfly, Neodiprion lecontei (Fitch), is an important defoliator of
young hard pines in eastern North America (Benjamin 1955). On National Forest lands it has
been the third most important target insect for suppression, and over 25,500 ha (63,000
acres) of pine have been treated for the sawfly in the Eastern Region in the last 50 years.
Additionally, this sawfly has been suppressed on many thousands of acres of pine on
staie-owned and private lands. It is particularly injurious to red pine, Pinus resinosa Ait.,
and jack pine, P. banksiana Lamb., in the Northeast, but it also feeds on Scots pine, P.
sylr:estris L., Austrian pine, P. nigra Am., and other species of pines planted in the vicinity
of the primary hosts. This sawfly, which usually occurs in colonies of more than 100 larvae,
is a voracious feeder that readily strips small (1-5 m) trees of part or all of their foliage.
Numerous young trees may be deformed or killed during an outbreak. Severe outbreaks did
not occur until after the advent ofthe widespread reforestation projects in the early 1930's.
Since then. the most notable Lake States outbreaks have occurred in the periods 1936-1940,
1946--1948, 1957-1960, and 1968-1973.
Current emphasis on the environment and the benefit-cost analyses of forest protection
require that land managers have data on sawfly impact on which to base their management
decisions. This study was conducted to help forest managers understand the impact of the
redheaded pine sawfly in young red pine plantations. To accomplish this, data were re
conied in red pine plantations infested with the sawfly during the 1968-1973 outbreak.
The primary objectives of this study were (I) to identify the major enviromnental factors
that influence the behavior and survival of the redheaded pine sawfly and survival of its
host: (2) to develop a basic ecological model of sawfly impact on red pine; (3) to identify
various land management options based on socioeconomic criteria; and (4) to propose
guidelines for managing this sawfly in red pine plantations.

I Forest Pest Management, Lakewood, CO.
2:Sortb Centrnl Forest Experiment Station, East Lansing, MI.
3Forest Pest Management, Washington, DC.
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DEFINITION AND CONCEPT OF IMPACT
The impact of an insect population feeding on its host trees can be broadly defined as the
cumulative net effect of the insect damage that results in modification of management
activities for specified forest (land) resource uses and values (USDA Forest Service 1972).
More specifically, impact has two components; (1) ecological, the cumulative net effects of
the insect on the total forest site and areas off-site; and (2) socioeconomic, the value judg
ments and decision criteria established by land management objectives (Fig. 1). The eco
logical component is based on physical changes to the tree and site caused by insect activity
(e.g., discolored branches, dead trees, density of ground cover). However, the on-site
physical changes may be of such magnitude as to initiate off-site changes as well (e.g.,
erosion, water recharge). The socioeconomic component is essentially the user's reaction to
these changes and is the most difficult component to appreciate and understand. What the
ecological effects imply depends upon the management objectives and values at stake, and
management goals differ by degree and change frequently. For example, suppose a land
manager has a well-defined objective for a particular parcel of land. If that objective is
primarily timber production, then insect injury might have a negative effect. The effect on
wildlife, however, may be positive, and perhaps there will be no major effect on watershed
protection. Also, widespread insect-caused tree mortality could be considered beneficial in
an overrnature forest, thus having a substantial positive effect, while one insect falling in a
person's food at a campsite could have nearly as great a negative effect.
Impact, a dynamic variable, is a function both of change in forest stand condition and of
the criteria established for particular management objectives. Both components are meas
urable, but the socioeconomic part of management objectives cannot be fully assessed until
the ecological part is understood.

Fig. l. Generalized model of impact from a forest insect (modified from USDA Forest Service [1972)).
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The ecoiogical component of impact for a forest insect consists of three major elements:
the pest. the tree. and the physical environment they both occupy. Portions of each ofthese
must be e:x.amined to identify the specific components that relate most to impact and to
design a usefuJ modeL The approach of this study was to isolate major environmental
elements of the ecosystem relative to impact, examine them and their interactions, and then,
through a model. propose various impact interpretations based on land management goals.

BRIEF LIFE HISTORY OF THE SAWFLY

In JD05t of Canada and the northern United States, the sawfly has a single generation per
!eaT nmholtinel. A partial second generation sometimes occurs in portions of Michigan,
Wisconsin. and .sew York. This study dealt with univoltine populations in the northern
portion of its range.
The sa...ily overwinters as a prepupa in a cocoon spun in the litter or topsoil beneath its
host. Pupation occurs soon after the advent of warm weather, and emergence of the adult
fo110"'5 in a few weeks. Some prepupae may remain in diapause over several seasons before
tralb-forming to adults.
The female deposits about 120 eggs in the current or previous year's needles. They are laid
indi\'idually in rows of slits or pockets cut in the edge of the needles of hard pines. All eggs
laid by ODe female are generally clustered within needles of a single twig.
The lal"\iae eclose in three to five weeks, depending on temperature and locality, and then
feed gregariously in colonies that often contain over 100 insects. Univoltine popUlations of
lan'ae feed in July or early August in most northern areas. At this time the new needles have
fully expanded and the larvae then feed on both old and new foliage. Young larvae consume
only the outer tissue of the needle. older larvae consume the entire needle; they generally
~trip a branch of all its foliage before migrating to another. When foliage becomes scarce, the
lanae search for new hosts, and resume feeding until fully grown. Then they drop to the
ground and spin their cocoons.
Moderate to heavy defoliation stunts height growth of infested trees and results in forking
and bushing in the upper crown. Complete defoliation kills red pine and other northern
pines.
STUDY AREAS
At the time this study began, tbe 1968-1973 outbreak of the redheaded pine sawfly was in
progress. Three young (five to nine-year·old) red pine plantations (Table 1) in Michigan were
selected for study in the spring of 1971 and 1972, based on a survey of sawfly·infested areas
~Yillers 1971). All plantations were on sandy soils with level to gently rolling topography.
Edges were bordered by mixed hardwood stands or open fields. Tree spacing was about 1.8
Table 1. Description of redheaded pine sawfly study areas in Wexford County, Michigan
l.!tiarch 1971).
No. of trees per
Location

Plot
Al
.-\::
A3
HI
CI

c:;

T'.2~.

RllW.
RllW.
T::"'~. RlIW.
T::....s. RllW.
T'.2~. RllW.
T::::~. RllW,
T::"'~.

S34NE
S34NE
S27SE
S28NE
SIISW
SIISW

Tree age
(Years)

Mean
height (m)

Plot
size (ha)

Hectare

Acre

9
9
9
8
5
5

1.6
1.6
1.5
1.4
0.7
0.6

0.16
0.20
0.30
0.16
0.40
0.40

2,275
1,500
2,213
2,181
1,485
1,908

933
600
885
873
594
763
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by 1.8 m (6 by 6 ft). Ground cover consisted mostly of grasses and intermittent patches of
bracken fern, Pteridium aquilinum (L.) Kuhn, with a minor component of miscellaneous
forbs, lichens, grasses, and sedges.
Six study plots, destined for intensive research, were established in the three plantations
(Table I). A large private planting (the Anderson plantation) contained three of the plots
(designated AI, A2, and A3) because it had several infestation centers and diverse terrain. A
second planting, located on USDA Forest Service land near the old Boon Fire Tower,
contained one plot (designated BI). Two additional plots (CI and C2) were established in a
USDA Forest Service plantation begun by the Daughters of the American Revolution
(DAR). The plots, which varied in size from 0.1 to 0.4 ha (0.2 to 1.0 acre), were set up
specifically to include definite clusters of trees infested with sawflies, variable terrain, and
different ground cover. Figures 2,3, and 4 contain plot maps depicting the typical open-field
conditions.
To broaden the scope and geographical area represented by this study, additional planta
tions with a history of redheaded pine sawfly outbreaks were examined in August of 1972.
These were in Lower and Upper Michigan, Wisconsin, New York, and Ontario, Canada
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Fig. 2. Red pine plot A3 showing distribution pattern of trees defoliated by redheaded pine sawfly larvae
from 1968 to 1971. Defoliation: white = 0-9%, spot = 10-90%: black = 91-100%; SC-I, SC-II, SC-1II
are site-class divisions. Right side of plot is the edge and along a dirt road. SC-I and SC-II areas had
grasses and forbs, SC-III had bracken fern. North at top. Lower graph portrays a profile of defoliation
pattern and tree heights by rows for a cross-section of trees through the mid-section of the plot. Fern
refers to bracken fern occupying SC-III area.
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Fig, 3. Ra:! pine plot AI showing distribution pattern of trees defoliated by redheaded pine sawfly larvae
from 1968 to 1971. Defoliation: white 0-9";(;; spot
10-90%; black 91-100%. Right side of plot is
IDe edge and along a dirt road. Squares represent jack pine trees. SC-I, SC-II, SC·III are site-class
dhisioos. The SC-II area had grasses and forbs. North al top. Lower graph portrays a profile of
defoliation panern and tree heights by rows for a cross-section of trees through the mid·section of the
plot. Fern refers to bracken fern occupying one SC-III area, and sand indicates a sand blow in the other

SC-1lI area.

(Table 1). Insect populations, tree growth, diversity of terrain, and soil profiles were
analyzed in these plantations.
SAWFLY ABUNDANCE AND DISTRIBUTION
Several investigators have reported that redheaded pine sawfly populations are associated
with particular vegetation or particular sites. Early studies showed that the sawfly typically
attacks isolated trees in the open, or at least prefers open-grown trees (BeaI1942, Brown and
Da\'iault 1942, Atwood and Peck 1943). MacAloney and Secrest (1944) concurred that
shaded pines are relatively free from attack. Griffiths (1958) further concluded that not only
does the sawfly prefer open-grown trees over shaded ones, but attacks on open-grown trees
are highly aggregated. Benjamin (1955), however, reported that the sawfly decidedly prefers
pines associated with a hardwood overstory. When trees are attacked in the open, he
concluded, the attacks are generally confined to areas with poor tree survival and where
there is little or no associated vegetation, such as on sand blows.
Our initial observations of sawfly-infested stands also suggested that particular trees and
sites are preferred habitat for the sawfly. Measurements were taken to determine the
abundance and distribution of the sawfly within the study plots in order to learn the site
conditions they prefer.
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Fig. 4. Red pine plot C I showing distribution pattern of trees defoliated by redheaded pine sawfly larvae
from 1968 to 1971. Entire plot is surrounded by more pine trees. Defoliation: white 0-9%; spot = 10
90%; black = 91-100%. SC-I and SC-II are site-class divisions. North at top.

Methods
Sawfly egg clusters were counted in June on all trees in five of the Michigan study plots
from 1971 to 1973; counts were made in the sixth plot (Bl) only in 1972 and 1973. In 1971 in
plots A2 and AJ, egg clusters were counted by first (top) branch whorl (including leader) and
remaining branch whorls. Larval colonies were counted on all trees on all plots each year in
July when the larvae were about half grown. Tree heights to the nearest 3 cm (0.1 ft) were
measured each spring on all plots. General categories of dominant ground cover (e.g., forbs,
grasses, bracken fern) and superficial edaphic factors (e.g., A horizon present or absent,
sand blow) were recorded at about 2-m (6.5-ft) intervals between all rows of trees throughout
each plot. Associated overstory trees were noted and the degree of overstory estimated.
Small pits were dug to a depth of 0.3 to 0.6 m (I to 2 ft) at 1.8-m (6-ft) intervals along
transects perpendicular to the edge of hardwood stands for determination of root abun
dance.
Results and Discussion
The peak year of the sawfly outbreak in Michigan was 1971, and this was reflected in most
plots. The Boon Tower (BI) popUlation, however, peaked in 1972; except for this stand,
there was a general collapse in the other plots in 1973 (Table 3). The Anderson plantation
(plots AI, A2, A3) had the highest infestation, averaging more than one egg cluster per tree
at the infestation peak (Table 3), with a range of 0 to 20 clusters per tree.
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Table 2. Location of additional infested red pine plantations examined in the study.
Plantation
number

2
3
~

"

6

8
9
10
II
C
13
I~

15
16
1
18
19
20
21
23
2~

25

State or
province
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
~fichigan

Michigan
Michigan
Michigan
Michigan
Michigan
Wisconsin
Wisconsin
.:-lew York
New York
New York
Ontario
Ontario
Ontario
Ontario
Ontario

County

Location

Benzie
Benzie
Houghton
Houghton
Houghton
Mackinac
Mackinac
Mackinac
Mackinac
Mackinac
Mackinac
Mackinac
Wexford
Wexford
Wexford
Menominee
Menominee
St. Lawrence
St. Lawrence
S1. Lawrence
Simcoe
Simcoe
Frontenac
Frontenac
Lanark

T27N, RI2W, S16NE
T28N, R13W, S35SW
T47N, R36W, S31NE
T27N, R38W, S26
T47N, R38W, S26EI/2
T43N, RIW, S35SI/2
T4IN, R4W, SI4
T42N, R4W, S31NW
T43N, R5W, S3NE
T43N, R3W, S20SW
T43N, R3W, S20NE
T43N, R3W, SI8
T21N, R12W, S18
T2IN, RIIW, S3, 4, 9, & 10
T22N, RlIW, S13SE
TJON, RI6E, S26NW
T20N, RI6E, S3, 4, 9, & 10
Stockholm Towp. Block 33
E of Canton
S of Stockholm Center
Vespra Twp, Cone. I, Lots 34 & 35
Flos Twp., Cone. 2, Lots 26 & 27
Oso Twp., Cone. 3, Lot 26
Hinchinbrooke Twp., Cone. 5, Lot 9
Bathurst Twp., Cone. 4, Lot 16

Table 3. Frequency of redheaded pine sawfly egg clusters
in three Michigan study plantations from 1971 to 1973.
Mean number of egg clusters per tree
Plot

1971

1972

1973

Al
A1
A3
BI
Cl
C2

1.03
1.29
0.98

0.02
0.02
0.03
0.60
0.10
0.04

0
0
0
0.15
0
0

0.18
0.08

In plots A1 and A3 combined, the first whorl (and leader) of the tree contained an average
of 36.1'f of the egg clUsters, and the remaining whorls 63.9%. Since the trees averaged eight
whorls per tree, this suggested a preference for oviposition in the upper crown. Tree size,
however, affected egg cluster location; taller trees had more clusters on the first whorl (Fig.
5). The tallest trees in the plots (3.0-3.6 m) had all egg clusters on the top whorl. The
canopies of these larger trees were beginning to close in, perhaps causing the sawflies to
choose higher levels. Benjamin (1955), however, reported more oviposition in the lower
crowns of jack pine.
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Fig. 5. Distribution of 775 sawfly egg clusters on red pine (frequency, first wnorl [including leader], and
lower wnorls) by tree size class for plots A2 and A3 combined.

Egg clusters were most abundant on trees in the mid-height range. There were only a few
living trees shorter than 0.6 m in plots A2 and A3, and these had no eggs. These trees had
been heavily defoliated the year before the peak of the infestation and had little foliage
available for oviposition. Trees 0.6 to 1.2 m tall contained 7% of the egg clusters, but most of
these too were defoliated from the previous year and, therefore, had limited foliage availa
ble. Mid-size trees (1.2 to 1.8 , and 1.8 to 2.4 m) contained 79% of the total egg clusters, and
trees 2.4 to 3.0 m tall contained 13%. The largest trees (3.0 to 3.6 m tall), which made up
over one-third of each plot, had only 1% of the egg clusters (Fig. 5). Similar relations
occurred in plots Al and Bl. Plots Cl and C2, which had small trees (0.3 to 1.2 m tall) and a
light infestation, showed no relationship between number of egg clusters and tree size.
The sawfly population varied considerably between and within study plots. In some plots
or locations within plots, sawfly egg clusters were few and widely scattered. Yet, in particu
lar locations of some plots, egg clusters were numerous and aggregated in apparent epi
centers. These different situations are directly comparable to the defoliation patterns shown
in Figures 2, 3, and 4. For example, A3 (Fig. 2) had a heavy epicentric infestation at the plot
center and east border; plot Al (Fig. 3) had a major epicenter on the east and minor ones to
the north and west. In contrast, Cl (Fig. 4) had a widely scattered and lighter infestation
with no discernible epicenters. Infestation patterns in all plots remained relatively constant
throughout the outbreak, and the epicenters seemed not to spread beyond certain limits.
In the plots where epicenters were obvious there were usually distinct edaphic and vege
tational differences between the epicenters and their surroundings. For example, the epi
center in A3 (Fig. 2) was confmed entirely to a large bracken fern patch. About 94% of the
trees within the patch were attacked; less than 20% of those outside, where the infestation
was scattered, were attacked. Similarly, in plot Al (Fig. 3) the epicenter was located in a
bare-sand area of the plot's east border. Plots CI and C2, which did not have high sawfly
populations, had what appeared to be uniform soil conditions with mixed grasses and forbs
as ground cover with an occasional small patch of bracken fern. Plot B I had an epicentric
population in a moderately dense bracken fern patch adjacent to a hardwood stand. This plot
was long, narrow, and only 12 rows wide. Established between two hardwood stands, it
actually flanked both sides of a tertiary woods road. The hardwoods, mostly red maple, Acer
rubrum L., extended over rows 1,2, and 3 on the south border and rows II and 12 on the
north (Fig. 6). The mean tree height for the plot was 2.04 m ± 0.46 SD, while the edge trees
in rows I, 2, and 12 were shorter by at least 1.00 SD. Root examinations showed that the
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Fig. 6. Red pine plot B I showing mean tree heights, hardwood overs tory, and trees attacked by red
Ileaded pine sawfly by rows in 1972. SC-II, SC-III are site-class divisions. Fern refers to bracken fern in
SCorn.

maple roots occupied the same soil zone as the red pines and, similarly to the overs tory , the
root mats were most dense along the stand edges out to two or three rows of red pine.
In "jew of £be above, that is, the presence of epicenters in some portions of plots and not
in others. £be variable population levels and patterns between and within plots, and the
\egetational and edaphic variability. it appears that the sawfly chooses trees growing on
particular sites. To investigate this further, three discernible "site classes" (SC) were identi
fied:

SC-I:

SC-II:

Ground cover composed principally of grasses, miscellaneous forbs, mosses, and
lichens. Very little or no bracken fern present. Hardwoods, if present, at least 10 m
distant. Soil with distinct upper organic matter layer. Sawfly population widely
scattered and trees genera.lly lightly infested.
Ground cover composed mostly of grasses, forbs, lichens, and mosses with, at
most. lightly scattered or small patches of bracken fern. Hardwoods at least 5 m
distant. Soil with thin organic matter or patches of soil with upper organic matter
layer present and interspersed with soil without organic matter. Sawfly population
generally scattered with occasional clusters of trees moderately infested.

SC-III:

VoL 15, No.2
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Three subclasses were recognized: (I) ground cover mostly bracken fern, soils
with or without distinct upper organic layer; (2) ground cover and soils variable
but hardwoods less than 5 m distant; (3) ground cover sparse or absent and soil
with very little or no organic matter layer. Typical case is pure sand or a sand-blow
site. Sawfly population aggregated and trees generally heavily infested.

The SC-I and SC-III conditions were readily definable because they were most distinc
tive. SC-III areas had especially distinct boundaries because the bracken fern patches and
sand blows had sharp perimeters. SC-II areas were difficult to classify and more arbitrary.
For the most part, they occupy a transition zone between SC-I and SC-III when all three
classes occur together.
Using the above "site class" criteria, boundaries for the different site conditions were
established in each of the study plots (e.g., Figures 2, 3, 4, 6). The plots overall were
sufficiently variable to contain one, two, or all three site classes. For example, plot C2 was
totally SC-I, whereas A2 and A3 contained all three site classes. Plots AI, Bi, and Cl each
had two site classes.
Reevaluation of the number of egg clusters per tree by site class showed highly significant
(t test, P < 0.01) differences within plots where more than one class occurred (Table 4). Egg
clusters were considerably more numerous on trees in SC-III areas than in SC-I and SC-II
areas in the heavily infested Anderson and Boon Tower plots. This direct correlation would
be expected because the site classes were partially defined relative to the sawfly population.
To check the significance of site class further, 15 other sawfly-infested Michigan red pine
plantations were examined for edaphic and vegetational differences relative to the sawfly
population (plantations 1-15, Table 2). In stands with conditions similar to the study plots,
the site class categories were supported. Where sawfly populations were highest, there were
bracken fern patches or sand blows; hardWood edges were not encountered. The most
striking area was plantation no. 1 in Benzie County, which covered 8 ha (20 acres) and had
trees averaging about 1.5 m tall. Near the north edge was one large bracken fern patch
covering 2.0 to 2.4 ha (5 to 6 acres). By the end of the sawfly outbreak, more than 98% of the
trees had been killed within the bracken fern area. Tree mortality ended almost precisely at
the boundary dividing the bracken fern from the forb and grass cover. Less than 15% of the
trees outside the bracken were even attacked during the outbreak, and less than 1% died. In
summary. the most obvious epicentric sawfly popUlations were on sites characterized by
bracken fern or sand blows, or sites adjacent to hardwoods.
Also, casual observations of sawfly survival suggested that egg clusters on SC-I trees
contained about 30% more dead eggs than those on SC-III trees. Egg survival from 100
clusters averaged 65% in 1972 and 36% in 1973. The egg parasite Closterocerus cinctipennis
Ashemead destroyed less than 10% of the eggs each year on all site classes; unknown causes
killed the rest. Hetrick (1959) suggested that copious resin flow from oviposition scars

Table 4. Redheaded pine sawfly egg populations on study
plots for three site classes.
Mean number ofegg clusters per treea
Plot

SC-l

SC-II

SC-III

Al
A2
A3
BI
Cl
C2

n.a. b
0.53
0.34
n.a.
0.13
0.08

0.73
1.73
0.92
0.31
0.54
n.a.

1.25
2.31
2.38
2.10
n.a.
n.a.

aData taken in 1972 for plot BI, 1971 for other plots.
bNot applicable, site class not in plot.
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greatly reduced ,'iability of eggs in another sawfly, Neodiprion hetrickii Ross, when ovi
posited on ,'igorous slash pine. This may also be the case for N. lecontei, because the SC-I
red pine trees are generally more vigorous than those on the other site classes and resin flow
rnay be abundant.
Lanal mortality was also higher on SC-I trees. Mean larval survival percentages (between
the fil;;t and about the third instar) for the three site classes were: SC-I, 41.3%; SC-II,
56.4'C: and SC-III, 52.3%. Survival on SC-I trees was significantly (P < 0.05) lower than on
SC-II and SC-IlI trees. Knerer and Atwood (1973) reported that mortality of first-instar
Seodiprion nanulus nanulus Schedl and Neodiprion abietis (Harris) on red pine was related
to turgor of the foliage. The SC-I trees, being more vigorous, should have greater turgor than
trees in SC-II and SC-IJI areas.
TREE GROWTH AND INJURY
Degree of inju.ry to red pine from the redheaded pine sawfly depends on several variables,
including tree size and amount of defoliation. In even-aged stands, red pine grows with little
,ariation if site conditions are uniform, because its heritability of growth-variation is low
i Yao et al. 1971). But soil variability and differences in available water greatly influence red
pine grov.th in e.-en-aged stands (Hannah 1967, Neary et aL 1972, White and Wood 1958).
Tree size "aried in some of our plots, with the shorter ones most susceptible to attack.
Benjamin j 1955), in his studies of red pine defoliation, showed that one or two larval
colonies could defoliate 0.3- and 0.6-m (1- and 2-ft) tall trees, respectively, and still be
unsatiaIed. He found heavily defoliated trees up to 2 m (7 ft) taiL Many of the heavily
attacked trees in the Michigan plots were shorter than 2 m (7 ft), and some trees had as
many as ~ colonies.
Since tree groMh and sawfly injury are essential components of impact, height growth,
degree of defoliation, and tree mortality were recorded throughout the study.
Methods
Tree heights for each tree on each plot were measured to the nearest 3 cm (0.1 ft) each fall
from 1971 to 1973. Heights for 1969-1970 were determined from internodal growth meas
urements. After larval feeding each year, percentage of defoliation of each tree and leader
!terminal, shoot was estimated by two observers. The percentage of defoliation (to the
nearest 5'1:) for each tree and leader was agreed upon by the observers through re-estimation
or compromise. Dead trees were tallied at the end of each growing season or in the following
spring. Seventy young larval colonies were selected on trees that had little previous defolia
tion and sufficient foliage for the larvae to complete feeding. Larvae were counted in each
colony when they reached the third instar, and a few colonies were recounted in the fifth
instar. Defoliation was measured as length of branch-foliage consumed upon completion of
feeding. Average numbers of needles per centimeter of branch and needle lengths were
recorded from several trees and several stands.
Results and Discussion
Each study area contained even-aged trees, but the ages of plantations ranged from five to
nine years at the start of the study in 1971. Tree height in 1971 varied from 0.13 to 3.20 m (0.4
to 10.5 fO among the six Michigan study plots. The plot trees were on two soil series and
showed somewhat different growth rates. The trees on Kalkaska intergrading to Montcalm
soil had a higher mean height in centimeters (Y) over age (X) relation (Y = 62.2 + 25.9X;
r 0.850) than the trees on Kalkaska intergrading to Rubicon soil (Y = -101.9 + 32.7X;
r 0.990). Both regressions showed highly significant (P > 0.01) relations.
Tree heights within plots varied by site class before, during, and after the sawfly outbreak.
Trees on SC-I were the tallest throughout the study. SC-III trees, in contrast, were short or
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suppressed and those that survived larval attacks remained the shortest throughout the
study (Fig. 7). SC-II trees, on the average, were intermediate in size and often occupied a
zone between SC-I and SC-III trees.
Stocking level or tree density was highly variable in the heavily attacked Anderson plots,
and stocking level decreased during the outbreak as sawfly populations decimated vulnera
ble trees. Tree stocking of plots AI, A2, A3, when tallied before and after the outbreak,
demonstrated the following survival percentages: Pre-outbreak, SC-I, 94%; SC-II, 86%;
SC-III, 68%; Post-outbreak, SC-I, 93%; SC-II, 83%; SC-IlI, 31%.
Pre-outbreak survival indicated that the stand was nearly fully stocked (94%) in the SC-I
areas, marginally stocked in the SC-III areas, and intermediate in the SC-II areas. Pre
outbreak mortality was probably related to poor initial survival following planting, espe
cially on the SC-1II areas. All trees that died during the study were killed by sawflies. Tree
survival, and density, were nearly unchanged by sawflies in SC-I areas; but survival on
SC-lII areas was reduced from a marginal 68% to a poor 31% in the Anderson plots.
Most tree mortality from sawllies occurred during the first years of the outbreaks (1968
1970) in most study areas, although populations in plot B 1 didn't build up sufficiently to kill
trees until 1971 (Table 5). Slightly more than 1% mortality occurred in the comparatively
lightly infested DAR plantation (plots C I, C2), which contained mostly SC-I areas (Table 5).
It appears that the size of the trees at the onset of the infestation as well as site location
influenced mortality. The DAR stand contained the youngest trees in the study; had they
been a few years older and hence larger, mortality most likely would have been negligible,
assuming the sawfly population remained the same. Other plot data, such as from plots A2
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Fig. 7. Mean tree height for three site classes by year for plot A3.
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Table:-. Red pine mortality during the redheaded pine sawfly outbreak in the Michigan study
plots.
Number of trees dead in:
Plot

Live trees at
pre-outbreak

Al
A2
A3

364

BI

337
595
763

1968-69 1970 1971 1972 1973
43
106
107
0
I
2

300
664

Cl
C2

10

6
3
0
3
4

3
1
8
17
1

0
0
0
10
I

3

I

Lives trees at
post-outbreak

Percent
mortality

308
187
546
310
589
753

15.4
37.7
17.8
8.0
1.0
1.3

0
0
0
0
0
0

and .-\3 wbere SC-I trees were larger, seemed to suggest this also. Sawfly populations over
all years were only slightly higher on the SC-I trees in the Anderson plots but, because of
their size or the number of sawfly colonies, there was no mortality and the trees were never
fully defoliated. This is clearly evident when defoliation and mortality in widely diverse plots
such as C! and A3 are compared (Table 6). Note that for SC-I areas, both plots have similar
defoliation patterns except in the 90 to 100% defoliation class (which generally kills red
pinel. Tbe SC-I areas on plot A3 did not have trees defoliated in the 90 to 100% class.
Degree of defoliation was distinctly related to site class; SC-III trees suffered the heaviest
defoliation and SC-I trees the least (Figs. 2, 3). Also, more leaders in SC-III trees were
attacked by the sa",ily and heavily defoliated as the sawfly population increased and defolia
tion of the tree increased (Fig. 8). On SC-III areas of all plots, about half the trees suffered
defoliation in excess of 9O'}f (Figs. 2, 3), and nearly all of these had the leaders fully
defoliated. Defoliation in excess of90% rarely occurred on SC-I and SC-II areas. Most trees
on these sites were defoliated less than 10%, an amount insignificant to height growth unless
the leaders are heavily defoliated. Of the trees attacked on SC-I and SC-II areas, only 3 and
Iifi: of the leaders, respectively, were injured sufficiently to cause temporary deformity and
minor growth loss. A dead leader resulted in one or more lateral shoots taking over the next

,·ear.
- Severe defoliation in one season or heavy partial defoliation over several seasons killed
red pine. Two and sometimes three years were needed for some trees to reach a defoliation
threshold for mortality. Mean amount of defoliation resulting in death of the tree was
96.5 :!:: 0.2%. Nearly all trees defoliated less than 90% survived the outbreak. Trees ap
proaching 909C defoliation, however, nearly stopped growing and were severely distorted at
the end of the outbreak.
The study showed that each larva was capable of defoliating 2.8 cm (1.1 in.) of foliated
branch. or foliage consumed in centimeters of branch (Y) regressed on number of larvae (X)
was Y
28.6 + 1.9X (SE
61.9; r = 0.89). Thus, a fully surviving colony of 120 larvae
can defoliate 3.4 m (II ft) of foliage, which is more than the foliage available on a O.3-m
( I-ftJ tall red pine, but probably a little less than that on a O.6-m- (2-ft) tall red pine, based on
Benjamin's (1955) defoliation studies.
Table 6. Sa"'ily-<:aused defoliation and mortality for various site classes, plots C2, A3.
Percent trees in defoliation class:
Plot
C2

A3

Site
class

Trees (No.)

0-10%

11-S9%

90-100%

Trees dead (%)

I
I
II
ill

763
279
166
219

93.1
94.5
71.7
12.3

5.6
5.5
26.5
25.2

1.3
0

1.3
0
1.8
52.4

1.8
62.5
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Fig. 8. Relation of red pine leader defoliation to whole tree defoliation by the redheaded pine sawfly.

SOIL-SITE CHARACTERISTICS
Gross site requirements for red pine are well documented. Wilde (1966) considered 10%
silt plus clay to be the minimum fine particle ratio for adequate growth. On soils heavier than
sandy loams, silt and clay have an adverse effect on red pine growth, since they tend to
restrict permeability and aeration (Van Eck and Whiteside 1963). In Lower Michigan soils
formed in deep sands, productivity is also related to soil profile development. Hannah (1%7)
found a positive correlation between site index and the depth of the A and B horizons. At
least 45 to 50 cm (10 to 11 in.) of reasonably permeable, fairly well-aerated soil is necessary
for normal red pine growth. Below this depth, if the soil is compacted, very coarse, or
calcareous, growth decreases after 25 years (Van Eck and Whiteside 1%3). On the other
hand, if the soil below 45 cm (18 in.) is medium-to-fine textured, the growth rate is likely to
be rapid (White and Wood 1958). The influence of soil moisture, according to Stoeckeler and
Linstrom (1950), masks the influence of nutrients, possibly because higher nutrient levels
are associated with finer-textured soils. Excessive soil compaction can restrict root devel
opment and stress trees (Armson and Williams 1960). Stone et al. (1954) noted that red pine
grows poorly or dies on imperfectly and poorly drained soils. Best growth of red pine is
associated with a soil pH of 4.5 to 6.0 (Wilde and Iyer 1962).
The soils and related site conditions were examined in the study plots and in other
sawfly-infested plantations to see if soil characteristics were related to tree development and
to degree of sawfly attack.
Methods
Two personnel from the Soil Conservation Service (Cadillac, Michigan) dug soil pits in
sawfly-attacked and non-attacked portions of the six study plots and classified them as to
soil series and, in plots Al and Cl, as to local soil type. We later determined the solum
characteristics of sawfly-attacked and non-attacked sites in the other four study plots and in
the locations visited during the extensive survey conducted in Michigan, Wisconsin, New
York, and Ontario, Canada. Soil texture and depth were measured and examined for key
differences using a 10-cm (4-in.) bucket soil auger. The soil pH was measured using a
Hellige-Truog soil reaction test kit.
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Results and Discussion
The Anderson and Boon Tower soils were classified as Kalkaska intergrading to Rubicon
phases. 1be DAR plantation soils were Kalkaska intergrading to Montcalm phases. In
terpreting from Hannah's (1%7) soil classification system, the DAR plantation soils are
more prodocti\'e for red pine than the Anderson or Boon Tower soils. The tree growth data
support this (see regression equations in "Tree Growth and Injury" section).
Soil characteristics varied somewhat within plots as welL For instance, the non-attacked
SC-I area in plot Al had an A2 horizon and a somewhat deeper soil with narrow texture and
color bands than the severely attacked SC-III area. This SC-I area also had a more strongly
deyeloped B horizon, and portions of the upper B horizon of SC-II1 were irregularly and
strongly cemented. These visible soil differences within plot AI, and similar conditions in
plot .-\2. suggested that water and nutrients would be least available for red pine growth in
the SC-ill areas. The growth responses of trees on SC-I and SC-III areas generally reflected
this I Fig. 7).
In plot A3 the soil differences between SC-I and SC-III areas were more subtle. Depth to
the C horizon was 13 cm (4 in.) greater in the SC-III area, but both areas showed similar soil
profiles. though less strongly developed than those in plot AI. The major apparent differ
ence beN,een the SC-I and SC-III areas in plot A3 was not the soil, but rather a dense patch
of bracken fern throughout the SC-III area. The trees in the SC-III area, as noted before,
were stunted and appeared to be competing with the bracken fern for moisture.
Plot B 1 had a road through its center that had previously been a railroad grade. Hard
woods bordered both the north and south edges of the plot and the soils in the woods had a
prominent A2 horizon. About 6 or 7 m (three rows of trees) in from the planting's south
edge. the A2 horizon ceased and was replaced by an irregularly bordered Ap-like disturbed
horizon. Near the center of the plot was an area of compacted soil which lacked an A2
horizon. Sav.ily damage was somewhat aggregated within the compacted area (rows 4 and 5,
Fig. 6). suggesting the sawfly preferred trees growing on strongly disturbed soiL North of the
road the Ap horizon continued to the hardwood edge. There the sawfly popUlation and tree
injury !Fig. 6) was greatest, but bracken fern dominated much of the site.
Soil differences between SC-I and SC-II areas in plot Cl were slight. The SC-II area had
some erosion of the topsoil and a coarser-textured and thinner Ap horizon. Plot C2, which
was classified SC-I only, had soils similar to those of the SC-I area of plot Cl.
Soil and other site conditions were also examined in the sawfly-infested areas of the other
25 plantations in an attempt to identify other characteristics that affect the sawfly popUlation
(Table 7). The observations yielded five general categories or site conditions where sawflies
were abundant.
The first and most common site condition was shallow soiL Depth of parent material was
significantly less (t test, P < 0.01) on attacked versus non-attacked sites (the means showed
a 51 cm [20 in.] difference). Sometimes the topsoil was absent (sand blows), lacked fine
textured layers and color bands, or was predominantly sand and gravel or other coarse soil
mi.xtures. In several stands, limestone and other rock outcroppings broke the soil surface or
underlaid the shallow (10 to 75 cm [4 to 28 in.]) soil as bedrock. In the latter situation, there
were few discrete pockets of sawfly attacks and distinct site classes were not evident. These
soils had little water-holding capacity and in general were excessively well-drained for red
pine.
The second condition consisted of sites that had medium-to-fine textured soils, but were
imperfectly drained. Conditions varied from moist, heavy soils to those wet most of the time
from a high water table. The pH was generally neutral or higher in these areas and somewhat
unfavorable for good red pine growth.
The third condition was characterized by highly disturbed soils. Two plantings were
heavily attacked on farmsteads near abandoned farm building foundations. The sawfly
infested trees occupied distinctly rectangular zones indicative of previously fenced-in areas.
The fourth condition consisted of lowland areas thought to be frost pockets. Soils were
medium-textured and well-drained, and differed only slightly from those of adjacent areas
with fewer sawfly attacks. Trees, however, were discernibly shorter in the frost-pocket
areas.
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Table 7. Some prominent site characteristics of redheaded pine sawfly-infested areas in red
pine plantations.
Plantation
number

1
2
3
4
5
6
7
8
9
IO
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25

Location

Moisture
regime

Soil
texture

Prominent site characteristics

Michigan
Michig-an
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Michigan
Wisconsin
Wisconsin
New York
New York
New York
Ontario
Ontario
Ontario
Ontario
Ontario

dry
dry
moist
dry
moist
dry
dry
wet
dry
wet
dry
moist
dry
dry
dry
dry
moist
wet
moist
dry
moist
moist
dry
wet
dry

coarse
medium
medium
medium
medium
coarse
medium
fine
fine
medium
medium
fine
coarse
coarse
coarse
coarse
medium
coarse
coarse
coarse
medium
fine
coarse
fine
medium

Shallow soil (sand blow)
Shallow topsoil
Disturbed soil (old farmstead)
Frost pocket
Imperfectly drained, dense sod
Shallow topsoil
Shallow soil, rock outcrop
Imperfectly drained
Shallow soil, rock outcrop, bracken fern
Imperfectly drained
Frost pocket
Imperfectly drained, dense sod
Shallow soil
Shallow soil (sand blow)
Shallow soil (overburden)
Shallow soil (sand and gravel)
Disturbed soil (old farmstead)
Imperfectly drained
Shallow soil, hardwood edge
Shallow soil
Disturbed soil (compacted)
Imperfectly drained
Shallow soil (overburden)
Imperfectly drained
Shallow soil, rock outcrop

The fIfth condition consisted of variable soil characteristics, but the plantings were as
sociated with such features as bracken fern, adjacent hardwood edges, or dense sod.
The edaphic conditions relative to tree growth and moisture-holding capacity of the soil
and site classes are summarized in Figure 9. These data indicate that the sites most heavily
attacked by the sawfly (SC-III areas) are characterized by one or more of the following
conditions: (1) soils are shallow, coarsely textured, or have poorly developed banding;
(2) soils are eroded, compacted, or covered with overburden; (3) soils are imperfectly or
excessively drained; and (4) soil pH tends to be slightly acid to alkaline in the upper 23 cm
(9 in.) of solum (mean pH is 7.0 but ranges from 6.5 to 8.0). Bell (1971) recommended that
these same conditions are not suitable for planting red pine. In contrast, areas with the best
tree growth and least sawfly injury (SC-I) tended toward loamy sands, or sands with
moderate to deep subsoil development, pH in the range of 4.5 to 6.2, and moderate water
holding capacity.
PRECIPITATION AND OUTBREAKS
The sawfly has long been known to be somewhat cyclic; it has periods of abundance and
then periods follow when it is only locally abundant or rarely found. This indicates that
population outbreaks may be reacting to large-scale phenomena, such as changes in weather
or precipitation patterns. Because local sawfly populations often appear to be related to
excessively or imperfectly drained sites, we decided to compare precipitation patterns with
population outbreaks. To do this, we compared weather records for Michigan with sawfly
outbreaks from 1935 to 1973.
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Fig. 9. Schematic red pine ecosystem showing relative tree growth, moisture-holding capacity, and soil
characteristics in relation to site-class categories.

Methods
Information on pest outbreaks in Michigan was obtained from the literature (Fowler 1973,
Benjamin 1955) and from supplemental file reports and suppression records from state and
federal agencies. Sawfly populations, reported by year and location, were subjectively
classified as "endemic," •'local outbreaks," or "widespread outbreaks. " When population
levels were not specified in a report, the tone (i.e., sawfly decreasing, population static, etc.)
helped to classify the population level. When no yearly reports were given, the population
was considered endemic_
The U.S. Weather Bureau divides Michigan into 10 climatic divisions. The redheaded pine
sawfly historically has been of concern in the four northern divisions: West Upper, East
Upper, Northwest Lower, and Northeast Lower; an area covering all of the upper Peninsula
of Michigan and that portion of the Lower Peninsula north of a line from Manistee to East
Tawas. Weather data from these four divisions were used in the analyses to compare
drought or excess moisture and sawfly population levels.
Palmer's Drought Index, which is based on monthly moisture departures from the
monthly average, was chosen to represent wet or dry periods (Palmer 1%5, Strommen et al.
19(9). Drought is expressed in four classes by the U.S. Weather Bureau: mild, moderate,
severe, and extreme. Palmer assigned 1.0 to -4.0 to these classes, and 1.0 to 4.0 to
comparable wetter than normal classes. Palmer's Drought Index values were calculated for
each climatic division for a given year by summarizing the average monthly precipitation for
the period of April-June of that year and the July-September precipitation averages from the
previous year. These values were used because they have the greatest influence on bud set
and moisture uptake of the tree and are most closely related to tree growth (Neary et al.
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1972); thus they have the greatest influence on stress within the tree. These values were then
compared with the sawfly population data for the same year and one, two and three years
following the index period.
Results and Discussion
Sawfly population records indicated four widespread outbreak periods for Michigan at
about 100year intervals: the late 1930's, 1940's, 1950's, and 1960's. Outbreaks were particu
larly evident during these periods in the West Upper and Northwest Lower divisions of
Michigan, and less so in the East Upper division (Fig. 10). The Northeast Lower Michigan
area showed generally parallel population increases but none reached outbreak status.
Endemic populations, overall, occurred in the early 1940's, 1950's, and 1%0'5.
Palmer's Drought Index values indicated somewhat cyclic wet and dry periods during this
period. Some of the dry periods seemed to be related to higher sawfly popUlations and,
conversely, wetter than average years were related to endemic populations (Fig. 10). The
Northeastern Lower Michigan area, which had no widespread outbreaks, was notably
wetter than the other divisions over the 1935-1973 period of concern, suggesting that the
abundant moisture may have prevented large population releases there.
When the average index values were plotted against the three sawfly popUlation levels for
the same year as the index (Fig. II), all divisions showed a consistent trend: moist periods
tended to be associated with endemic sawfly populations, normal years with local sawfly
outbreaks, and drier years with widespread outbreaks (ANOVA, P < 0.10). This was par
ticularly true for the West Upper Michigan division (Fig. 11) which had the most widely
tluctuating moisture regimes. Indices plotted over sawfly popUlations for one, two or three
years after the index period showed no significant correlation, indicating the population
release occurred immediately after drought.
Very wet years did not appear to cause population releases, a condition which might be
expected if overabundant water causes tree stress. Pine plantations on very wet sites are
exceptions in these four divisions, as most are planted on upland sandy soils that drain
rapidly. These are more susceptible to drought during dry periods than to excess water
during wet periods, as the data indicate.
WEST UPPER MICHIGAN

NORTHWEST LOWER MICHIGAN

x

"'oz

NORTHEAST LOWER MICHIGA'I

•••

•
W4

Fig. !D. Redheaded pine sawfly populations and Palmer's index values tor the period 1935-1973 for
Michigan's tour northern divisions.
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~ot all sa...i1y release periods appear to be related to drought. This is particularly notice
able in the ~orthwest Lower Michigan division during the outbreaks in the late 1940's and
196(Ys when precipitation was generally normal or above normal. Of course, water stress
could still have been responsible in such outbreaks. but either very local droughts or other
factors such as competing vegetation must have been the principal factors, Should droughty
periods be responsible for sawfly population releases, then, with a shift toward less than
normal precipitation, trees occupying SC-III areas would become stressed the most and
hence most attractive to the sawfly,

DISCUSSION
In this study we examined several aspects of the sawfly's habits, its defoliation injury to
red pine, and some environmental relations of pine stands, in order to learn more about
injury and impact. The fact that sawfly popUlations often built up on open-grown trees
agreed with the findings of most previous investigators (Beal 1942, Brown and Daviault
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1942, Atwood and Peck 1943, MacAloney and Secrest 1944, Griffiths 1958), but our data also
indicated that trees on high-stress sites suffer the highest sawfly populations and the greatest
injury. Infested trees partially shaded by hardwoods also seemed to be attacked because
they were under stress from root competition, rather than from shade preference by the
sawfly as suggested by Benjamin (1955). Trees suffering the greatest injury were usually the
shortest and weakest in the stand, and growing on sites where soil quality or water availa
bility were inadequate for red pine growth.
Site quality and availability of water to the tree are known to affect populations of sawflies
and certain other defoliators. For example, Gremal'skii (1961), summarizing research on the
resistance of pine stands to defoliators, concluded that, in many pests, mass breeding occurs
only in stands containing physiologically weakened trees. He also presented several cases
where survival was higher when the larvae were fed foliage from weakened stands. White
(1952) was the first to show this phenomenon for the redheaded pine sawfly. He found that
the sawfly died after feeding briefly on jack pine seedlings grown on fertile nursery soil,
whereas other larvae completely defoliated seedlings taken from typical pine sites.
Schwenke (1%2), who studied the sawfly Diprion pini (L.) on trees growing on good and
poor sites, found that survival and larval size was significantly greater on trees from poor
sites. He suggested that the unfavorable water balance on poor sites increased the sugar
content of the needles. The exact reason why the redheaded pine sawfly preferred stressed
trees in this study is uncertain, but the fact that they did provides the basis for an ecological
impact model. This model (below), tempered by sawfly dynamics and socioeconomic con
straints, suggests various options for managing the sawfly in red pine plantations.
Ecological Model of the Sawfly
The ecological model for the redheaded pine sawfly, which is a precursor to a mathe
matical model, is structured on the differences among three site class variations and con
siders the major interrelations among the insect, the tree, and the environment. Tree vigor
appears to be the element upon which the insect-host-site ecosystem pivots (Fig. 12). The
three site classes, previously coded SC-I, SC-ll, and SC-lII, will henceforth be called site
resistance classes (SRC-I, SRC-II, and SRC-lII) to distinguish them from standard site class
terminology. These classes reflect different levels of stress on red pine trees, and hence
different susceptibilities to sawfly attack.
SRC-I sites are highly resistant to sawfly infestations (Fig. 12). The soils are adequate for
good red pine growth, and are relatively undisturbed or have a visible leaching (A2) zone.
They also frequently have a B horizon containing texture bands or a well-developed color
band. Generally, little competition for available moisture occurs from other vegetation.
Bracken fern, if present at all, is sporadic, and hardwood roots are rarely present in the same
zone with red pine roots. Soils in this class have sufficient water-holding capacity, are not
imperfectly drained, and have adequate nutrients for good red pine growth. The trees are
vigorous, as exhibited by their form, color, and annual growth. Although vigor is affected
during dry periods, the trees are not weakened enough to be very attractive to the sawfly.
SRC-I sites consistently produce red pine low in sawfly attractiveness; further, larvae that
do occur on these trees exhibit symptoms of antibiosis, low larval survival. Perhaps these
trees are over-supplied or deficient in a nutrient needed for optimum larval growth. The little
feeding that does occur causes only slight damage in terms of foliage removal and seldom
causes more than sporadic branch or leader mortality; tree mortality is rare. The stand
remains unchanged and iQjured trees rapidly outgrow the effects of the sawfly feeding.
SRC-Il sites are more susceptible to sawfly attack than SRC-I sites (Fig. 12). The upper
solum of the soil is disturbed. The A2 horizon is only weakly developed and the B horizon
lacks the degree of development found in SRC-I soils. On Kalkaska intergrading to Rubicon
soils, the subtle difference between SRC-I and SRC-II is often only exhibited in the degree
of development of the A2 horizon. Competition for available soil moisture from other vege
tation is slightly greater than in SRC-I. Bracken fern, when present, is scattered or only in
small clumps. Hardwoods compete for only a small portion of the available moisture in the
red pine root zone. At best, SRC-II sites contain adequate soils for nutrients, but have
marginal water-holding capacity and are sensitive to changes in precipitation. Extended
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Fig. 12. Ecological impact model of the redheaded pine sawfly.

drought can sufficiently weaken some of the trees, thus making them more attractive to the
sav,fly. Normal and moist years, however, should provide relatively good growth and
moderate vigor.
The sawfly is attracted to SRC-II trees more than to SRC-I trees, especially in dry years.
Foliage nutrition appears adequate for good larval survival, maximizing damage from each
colony. The sawfly attacks trees almost randomly throughout the SRC-II area. Along inter
faces with SRC-m areas, where soil properties tend to be more marginal, there is sometimes
a slight edge effect. Resulting damage is usually moderate; scattered trees or those along
edge s are injured most. Defoliation occurs on apical portions of some trees and allover other
trees. Some trees are top-killed and become crooked or forked, and others are killed out
right. Tree mortality probably varies by location and amOl t of stress imposed during the
outbreak. The site is modified slightly by the loss of some trees, resulting in a scattered
thinning of the weakest trees.
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SRC-IlI sites are highly susceptible to the sawfly (Fig. 12). The soil conditions in this class
vary from poor to good. If poor, the soils may be low in nutrients, unfavorable in pH, or too
high or too low in moisture-holding capacity. The soils may be shallow, severely eroded
(sand blows), highly compacted, or composed of coarse overburden. On the better soils,
trees are water-stressed due to competition from bracken fern, hardwoods, dense sod, or
other vegetation. The roots of the competing vegetation form dense mats in the red pine
rooting zone, and any trend toward dryness stresses the pine trees further.
Trees in this class are generally stressed in dry, normal, and moist years, and show poor
height growth, poor form, off-color foliage, and low vigor. Some degree of sawfly resistance
occurs only in the most vigorous trees in this class, and these trees are usually on "island~"
with slightly better site conditions.
The female sawfly definitely prefers to oviposit on SRC-III trees. Egg and larval survival
are maximal; no antibiotic effect is in evidence. Some attractant, perhaps an abundantly
volatilized terpene produced when the tree is highly stressed, may be important in leading
the female sawflies to oviposition sites. But whatever the factor, the sawfly popUlation
appears to be released when available moisture is reduced.
Sawfly damage is severe in SRC-III areas. The attacked trees are small and often com
pletely defoliated. Tree mortality is rapid and widely spread over the site, and surviving
trees become stunted and severely deformed. The stand becomes highly modified by the end
of an outbreak; rows of trees are missing along hardwood edges, and small to large pockets
open up where poor soils or competing vegetation, such as bracken fern, occur. Stands with
large or numerous SRC-lII areas that coalesce may be almost completely depleted of trees
or left with only a few islands of trees following an outbreak.
The ecological impact model described above will be influenced by still other factors that
act on the sawfly and affect the tree. A look at these factors, which are best expressed by a
popUlation dynamics submodel (Fig. 13) of the ecological impact model, is necessary for a
better understanding of sawfly outbreaks and subsequent pest management programs,
U sing host vigor as the pivotal point of the system once again, the dynamics submodel can
be linked to the ecological model (Figs. 12 and 13). As we have shown, vigor determines the
tree's attractiveness to the female sawfly and affects egg and larval survival (Fig. 13). (In our
study, we found significantly higher egg parasitism on SRC-I trees.) But many other factors
also limit the egg and larval stages; for instance, Benjamin (1955) listed 58 parasites and
predators that feed on several of the sawfly's life stages, and more natural enemies have
been found since. Part of the cyclic nature and rapid collapse of the sawfly's outbreaks may
be due in part to natural enemies. The larval stage has the most natural enemies, and an
effective larval parasite or predator can decimate a population. Even so, the colonial habits
of this sawfly and the individuals' ability to act in unison to ward off enemies, tends to
discourage parasites and predators. Small colonies, however, are more vulnerable to attack;
so when large colonies split up while on the tree or migrate to other trees they have less
chance for survival.
The larvae are readily infected by disease agents, particularly viruses, which have been
known to nearly eliminate a sawfly population before the outbreak reached levels that could
permanently damage the trees. The colonial habit of the sawfly is a disadvantage in a viral
epizootic, because once a larva is infected, the disea~e spreads rapidly throughout the
colony.
Inclement weather also adversely affects the larvae. Heavy rains knock young larvae oft'
the trees. A heavy, unseasonal snowfall in 1938 nearly destroyed a population in northern
Michigan (Benjamin 1955). Migrating larvae in search of food may encounter high soil
temperatures on sandy sites and die before reaching new hosts.
Natural enemies and weather also affect the prepupa and pupa. Insects and rodents prey
on these resting stages in the cocoon. Very low temperatures in winter can kill prepupae not
protected by snow cover.
The tree, too, has enemies other than the redheaded pine sawfly, and these agents can
weaken a healthy SRC-I type tree and make it susceptible to the sawfly. For example,
insects such as the pine root collar weevil, Hylobius radicis Buchanan, weaken red pines
and stunt their growth. The sawfly may find such weakened trees as attractive as normal
trees on SRC-III sites.
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Fig. 13. First-order population dynamics submodel of the redheaded pine sawfly pine ecosystem. Host
'igor lin circle) links this submodel to the ecological impact modeL (W winter, S seed, L, to
LS = larval instars.)

From the above we can see that factors other than host vigor can change the fate of the
stand under the right circumstances. Some of these factors can be manipulated, but a
thorough population dynamics study is still needed to isolate key factors and mechanisms
most useful for sawfly population control.
Socioeconomic Considerations
Land management is concerned with satisfying human needs relative to available natural
resources; its goals are to supply wood, water, forage, wildlife, and recreational opportuni
ties.
The redheaded pine sawfly, like most other forest pests, is usually thought of as a deter
rent to the achievement of one or more of these management goals because it appears to
cause a negative effect on the forest and associated lands. Consequently, sawfly activities
have historically been evaluated in terms of adverse impact instead of land-use goal attain
ment. In planning with one or more management goals, however the sawfly need not always
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be perceived as destructive. Under certain circumstances, it can achieve specific land-use
goals and thus have a positive effect on the forest ecosystem. Redheaded pine sawfly
management, therefore, can be used as a tool in land management, similar to the use of fire
in a prescribed burn. This does not necessarily mean that an outbreak should purposely be
initiated, but rather, an existing outbreak might be allowed to run its course when deemed
advantageous to forest management. What we are suggesting is a change in thinking from the
"all insects are bad and must be suppressed vigorously" syndrome to a "let's evaluate the
situation and capitalize on it if possible" attitude.
In practice, because sawfly management involves social and economic considerations, it
is basically a concern of the economist; it is his job to synthesize the effects of the insect into
socioeconomic parameters useful as decision-making criteria for land managers. We do not
propose an economic analys is here, but only a brief discussion to point out how some of the
effects of the sawfly might relate positively or negatively to land management goals under a
multiple-use concept.
Timber. In the Lake States, red pine is valued for wood products and is the major species
planted. The sawfly kills and deforms young red pines on high-stress (SRC-III) areas which
generally have site indices for red pine near or below 50. The better SRC-I areas have site
indices of 60 or higher. Manthy et aI. (1%4) showed that well-stocked red pine stands of site
index 60 will return financial yields for pulpwood rotations from 2.5 to 4.6% and for sawlog
rotations from 2.9 to 6.9%. In contrast, the site index 50 trees can expect a financial yield of
less than 3.0% for pulpwood rotations and 2.7 to 5.3% for sawlog rotations, and then only if
appropriate stocking is maintained. In this study the poorest SRC-III areas had an average of
31% of the trees left after the sawfly outbreak. Surviving trees were deformed, stunted, and
unevenly dispersed over the area. Merchantable volume then would yield less than 1% on
these sites and would certainly not be worthy of additional forest management input. Not all
of the loss on these sites was from sawfly; about 32% occurred from poor survival or early
competition, so even without the sawfly some SRC-III areas are not economically produc
tive. Without the sawfly they would yield very little pulpwood, and few trees would reach
sawlog quality. Averill (1977) has provided a brief impact analysis based on future product
potential on sawfly-damaged sites.
Tree mortality and deformity on SRC-I and SRC-1I areas appear insufficient to affect
future sawlog harvest, and at most would result in a slight reduction of pulp yield. Future
yield on these sites would probably be much more affected by silvicultural treatment applied
to the stand than by the sawfly.
From the current viewpoint of the manager, the sawfly has a negative effect on the
financial yield of red pine, but because the sawfly affects the least productive trees, this
effect is really quite small. Although trees on high-stress areas can be saved from sawfly
injury by one or two chemical applications, it is doubtful whether the benefits would justify
the cost of control. Large SRC-III sites might be better left unplanted in the first place and
thus be available for other more productive uses. Small SRC-III sites within SRC-I and n
sites can be planted, but losses should be anticipated and be judged acceptable in the overall
management objective.
Wildlife. Red pine plantations provide little variety, and hence are generally unfavorable
as long-term habitat for edge wildlife species such as deer, bear, hare, and grouse. The early
stages of a plantation provide some habitat for some edge wildlife, but only briefly. Mature
red pine stands are generally favorable for interior wildlife species such as squirrels, owls,
and warblers (Ohman et al. 1978).
Openings in large pine stands, if properly managed and kept open for several years, can
provide forbs, grasses, and shrubs that supply food, nesting sites, and shelter for edge
wildlife. Tubbs and Verme (1972) and Ohmann et aI. (1978) recommended wildlife openings
be established in large stands, and McCaffery (1970) suggested that red pine not occupy
more than 30% of an area to be beneficial to wildlife. The best places to create openings in a
stand or leave openings during planting, according to Tubbs and Verme (1972), are exces
sively or poorly drained soils, on shallow soils, and in frost pockets. These areas have little
advance reproduction and are the easiest areas to maintain as openings. Tubbs and Verme
(1972) also recommended that the openings border trails and other timber types to provide a
variety of vegetation and allow escape cover. Openings 0.4 to 4.0 ha (I to IO acres) in size

198:!

THE GREAT LAKES ENTOMOLOGIST

89

are best. and several smaller areas are preferred over a few large ones. Irregular shapes
provide longer perimeters and thus more edge vegetation, and are aesthetically more pleas
ing.
The SRC-Ill areas fit exactly the criteria suggested above for wildlife openings. As tree
mortality occurs on these sites, irregular openings about 0.4 to 2.0 ha (I to 5 acres) in size
appear after the outbreak, favoring edge wildlife species. Small clumps of remaining pines
provide ideal escape cover. Such sites can be managed to remain in the forb-grass-brush
stage for many years. And, if such areas are identified prior to planting, they can be left
unplanted to trees and be managed exclusively for wildlife.
The sawfly. then, can have a strong positive effect on development of edge wildlife
habitat. Many of the edge species are also game species, so that proper management also
enhances recreational opportunities.
Water yield and quality. Red pine trees have relatively high evapotranspiration and
respiration losses, and thinning dense pine stands usually increases water yield (Urie 1971).
Thus. SRC-III areas partly or completely denucted of trees by sawflies should have greater
water yield, but since these areas usually occupy only a few acres, the increase would be
small. Also, any changes would be for only a short duration because shrubs, grasses, and
other vegetation will eventually compensate for the pines and trap as much or more water.
Except for sand blows, which revegetate slowly, most areas commonly revegetate rapidly
following such stand disturbances. Water yield changes on SRC-I and SRC-U areas would
be insignificant because of the few trees killed and injured.
Sawfly-injured trees should not normally affect stream sedimentation and nutrient en
richment from waste products, unless the injury is extensive and adjacent to a stream,
because of the relatively flat terrain and highly permeable soils characteristic of most red
pine plantations. Water quality could be affected if a pesticide were used against the sawfly,
especially if treated areas were adjacent to streams or lakes. The effect and duration of water
quality change would largely depend on the pesticide and amounts applied. In general, for
northern areas at least, the sawfly appears to have little or no long-term effect on water yield
and quality, and only a slight short-term positive or negative effect under conditions of
extensive stand change.
Recreation and visual quality. Red pine trees become more aesthetically pleasing as they
age. The redheaded pine sawfly seldom attacks pole-sized or larger trees, and when it does,
only a branch or two are defoliated. Young dying, dead, and defoliated trees are not aes
thetically pleasing. Also, distorted trees left on the site after an attack mayor may not be
visually appealing. Visitors may avoid infested sites during the few weeks the larvae are
active because of the negative visual impact or because of a nuisance factor. The large
colonies of larvae are impressive but the larvae would only be a nuisance if they wandered in
search of food. When someone encounters a sawfly colony devouring the foliage, reaction
varies from non-interest to excitement or concern. Concern is often about the welfare of the
tree. and the level of excitement depends on the number of insects present and tree's
ownership. To some, an infestation may encourage nature study. Hunting opportunities may
improve from the change in edge wildlife habitat following a sawfly outbreak. Fishing will
probably change little unless there is a water quality change from silting or pesticide con
tamination.
All in all, the socioeconomic impact of the sawfly, from the standpoint of recreation or
..isual impact, can range from very negative to very positive depending on desires and
attitudes of the people involved. Pesticide use would likely be justified in areas such as
campgrounds, where people are generally repelled by pests, and avoided where the sawfly is
a benefit or of little concern.
Management Guidelines
The redheaded pine sawfly can be controlled in pine plantations by preventive, cultural,
and chemical means that are consistent with forest management practices and goals. We
have seen that on certain sites, risk from the sawfly is low; on these sites a specific prescrip
tion or treatment will seldom be necessary. In high- or moderate-risk areas, however, a

90

THE GREAT LAKES ENTOMOLOGIST

Vol. 15, No.2

prescription and treatment may be needed if the sawfly is perceived as a problem and the
benefits of treatment justify the costs. One must consider recreational, aesthetic, watershed,
and wildlife values as well as forest products as integral parts of the benefit-cost analysis
before impact is truly perceived and treatment decisions finalized.
The redheaded pine sawfly must be considered early in the planning stages and not dealt
with only on an emergency basis when an outbreak occurs. The place to start is by rating
potential planting sites as to sawfly susceptibility. Prevention and control practices should
be provided for in the planting plan or prescription. And, the costs of prevention now versus
emergency control later should be weighed.
Prevention of outbreaks may be the most cost-effective way of dealing with the sawfly. By
limiting planting of pine to low-risk (SRC-I) and some moderate-risk (SRC-II) sites, sawfly
damage can be minimized. This also means avoiding high-risk (SRC-III) areas, such as sites
that support dense growths of bracken fern or sod, zones adjacent to hardwoods, fields with
a high water table, frost pockets, and areas where soils are excessively poor in nutrients or
have a very high or very low moisture-holding capacity.
Cultural practices can be used both for prevention and suppression of outbreaks, and any
activity that improves the site or the tree's ability to use the site hampers the sawfly
popUlation. Destroying bracken fern by deep plowing or chemical means before or after
planting will improve the site if the soil has adequate nutrients and water-holding capacity.
Site treatments such as fertilization, irrigation, and drainage, although not normally feasible,
may be a part of future forest management as the disposal of waste water becomes critical
and intensive silvicultural programs become the norm. Breeding for sawfly resistance or
more efficient site utilization might be feasible for jack pine or other hosts of the sawfly, but
probably not feasible for red pine, which has low genetic variability. Release of parasites,
predators, or pathogens might be used as well. We know that parasitization of adult sawflies
increases following cultural improvement in a pine stand (Syme 1966). More information is
needed on adequate releases of most natural enemies, but there is a virus that is effective
against this sawfly. Viruses are generally easy to handle, store, and apply. Also, they usually
affect only the target organism and, once established in an area, they persist for many years.
Suppression by chemical or mechanical means may be used effectively as a last resort
when other measures are impractical and when adverse environmental impacts of the
chemical are not significant. Chemicals should be directed against the young larvae before
much defoliation occurs, and they can be spot-applied or broadcast depending upon the size
of the infested area and number of trees involved. Mechanically destroying colonies of
sawflies is possible when only a few trees are affected. Each colony can be knocked to the
ground with a stick and the larvae stepped on.
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BIOASSA Y OF THE NUCLEOPOLYHEDROSIS
VIRUS OF NEODIPRION SERTIFER
(HYMENOPTERA: DIPRIONIDAE)I
M. A. Mohamed,2 H. C. Coppel,2 and J. D. Podgwaite 3
ABSTRACT
Linear regression analysis of probit mortality versus several concentrations of nucleo
polyhedrosis virus of Neodiprion sertifer resulted in the equation Y = 2.170 + 0.872X. An
LC<o was calculated at 1758 PIB/mL Also, the incubation time of the virus was dependent
on Its concentration.

Most insect viruses possess the potential of causing 100% mortality when employed
against some pest species populations (Bailey 1973). However, Franz (1964) pointed out that
such a result is not always desirable. For instance, if the virus proves persistent and capable
of being transmitted by the target species, one would ideally like a small section of the
population to survive, serving as a focus for future epizootics. Not only would this serve to
reduce the environmental load of virus, if continuous application of virus was planned, but it
would also serve to ensure that predator and parasitoid popUlations would remain intact.
Though studies on mortality as a function of virus concentrations are only one of many
aspects ensuring proper usage of these pathogens, they give us some predictive basis to
achieve some of the aforementioned results. This paper reports on two aspects of the
nucleopolyhedrosis virus (NPV) of Neodiprion sertifer (Geoffroy): first, the LCso ; and
second. mortality as a function of time at fixed concentrations.
METHODS AND MATERIALS
Eggs of N. sertifer were obtained from red pine plantations which had no previous history
of the presence of NPV of this species. Shoots with egg masses were trimmed and clipped
under water. They were then transferred to waxed I-pt ice cream containers containing
water. The units were then covered with lantern globes, the bases of which were sealed with
tape and the tops covered with cheese cloth to permit adequate ventilation. The eggs were
allowed to hatch and the units were monitored until the larvae were in the second instar.
Each pine shoot was cut at regular intervals, and immersed in fresh water to prevent fungal
growth.
Fresh shoots of red pine were trimmed to a standard size so that they could fit into the
lantern globes. These shoots were then transferred to water filled, wax-coated, I-pt, ice
cream containers and were then sprayed with known concentrations of purified polyhedral
inclusion bodies (PIB) obtained from diseased larvae of N. sertifer. The foliage was sprayed
from several angles with a hand-held atomizer using short bursts to ensure that a fine mist
covered all the needles. One ml of each of the following concentrations ofPIB/ml of distilled

I Research supported by the College of Agricultural and Life Science, University of Wisconsin
Madison, in part by the Wisconsin Department of Natural Resources through the School of Natural
Resources, and in part through funds provided by the USDA Forest Service, Northeastern Forest Ex
periment Station, cooperative study 45()()'FS-NE-2202.77.
2Dep-.rrtment of Entomology, University of Wisconsin, Madison, WI 53706.
3Northeastem Forest Experiment Station, Hamden, CT 06514.
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water were used: 0, 25, 100, 250, 2500, and 25000. These concentratons were prepared by
serial dilution from a stock solution of2.5 x 10 8 PIB/m!. Each concentration was replicated
twice.
The foliage was allowed to dry for an hour, at which time 50 second instar larvae were
transferred onto it with sterile forceps. A total of 12 units was thus employed. Larvae were
monitored daily for 21 days or until larvae reached the prepupal stage. Larvae that showed
symptoms of NPV-induced death or that did not respond to gentle probing were removed
daily and stored singly at O°C. These were later examined for the presence of inclusion
bodies. The daily and cumulative mortalities were recorded for further analysis.
RESULTS AND DISCUSSION
The results of the mortality induced at various concentrations are shown in Figure I. No
mortality was observed in the controls PIB/m1) and subsamples of larvae that died from
exposure to PIB at the various concentrations were shown to be virally induced through
examination of macerates with bright field microscopy of 600X. The percent mortality was
transformed to probit values and plotted against log concentrations of PIB. Using Finney's
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(1964) method, the regression equation Y 2.170 + 0.872X was calculated. The slope of
the equation, 0.872, S,E, ± 0.11, was significant at P < 0,005, df 3. The Chi-square test
for heterogeneity resulted in X2 9.76 3df, 0.02 < pva!. < 0,05. From this fit an LC so and
its 5<;(; fiducial limits were calculated as 1757.92 (1625.55-1901.07). The LC so reported here
compares favorably with Dubois' (1976) value of 1210 PIB/ml using NPV decontaminated by
sodium omadine and washed with distilled water. The data were extrapolated to LC 2 , or the
concentration required to kill one larva, and gave a value with 5% fiducial limits of 6.76
(6.25-7.31) PIB/mi.
A plot of daily mortality, averaged over two replicates, at three different doses is shown in
Figure 2. The incubation time before the virus expresses itself seems dependent on dosage,
taking nine days at 250 and 2500 PIB/ml, and seven days at 25000 PIB/ml. It could also be
inferred that the rate of mortality is greatest at the highest concentration when compared to
that at 250 and 2500 PIB/ml. The data also show that the peak mortality period was 10-12
days at 25000 PIB/mI, 14-16 days at 2500 PIB/ml, and 16-18 days at 250 PIB/ml. These data
are consistent with Bird's observations (Cunningham and Entwistle 1981) that as concentra
tion decreased the time for the expression of 100% mortality increased.
Though extrapolation of laboratory results to field situations is a hazardous undertaking, it
nevertheless furnishes a basis for mortality predictions, For instance, the regression equa
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tion for the probit mortality versus concentration predicts an LC99 of 7.59 x 105 PIB/ml
which compares favorably with 100% mortality observed in field plots sprayed with virus at
a concentration of 4.6 x 105 PIB/ml. Also, from our field studies, peak mortality was ob
served after 15 days which is well within the range observed in the laboratory at 2500-25000
PIB/m!.
Thus, depending on our concern, whether it be preserving beneficials, minimizing en
vironmentalload of the virus, or fUrnishing future sources for virus epizootics, it is possible
to manipUlate the NPV of N. senifer to achieve these ends.
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EFFECTS OF CONTINUOUS AND SPLIT DEVELOPMENTAL
PHOTOPHASES DURING EACH 24 HOUR PERIOD ON ADULT
COLOR AND PUBESCENCE IN THYANTA CALCEATA
(HEMIPTERA: PENTATOMIDAE)
J. E. McPherson and S. M. Paskewitz l
ABSTRACT
Rearing immatures of Thyanta calceata in SL: 16D, SL:4D:8L:4D, and 16L:8D photo
periods showed that the length of each photophase, rather than an accumulation of shorter
photopha~es, during each 24 h period wa, the determining factor in producing adult di
morphism in color and pubescence.

Thyanta calceata (Say) occurs from New England south to Florida, and west to Illinois
(Blatchley 1926) and Missouri (Oetting and Yonke 1971). This phytophagous stink bug is
dimorphic as adults in color and pubescence. McPherson (l977a) has shown it to be bivoltine
and seasonally dimorphic; green adults with short pubescence (shorter than diameter of
tibia) are found during summer months, and brown adults with long pubescence during the
fall and spring. McPherson has also shown that (1977b) the summer and fall/spring morphs
can be produced in the laboratory by rearing immatures under 16L:SD (light:dark) and
8L:16D photoperiods, respectively, that (I97Sa) the older instars are most sensitive to
photoperiod influence. and that (l978b) a threshold photoperiod near 12.5L: II.5D is in
volved in the dimorphic response; animals reared in photophases above and below the
threshold develop into the summer and fall/spring morphs, respectively.
All of the photoperiods used in the above experiments were based on a 24 h day and
continuous periods of light and dark (e.g., a 16 h photophase followed by an 8 h scoto
phase). Not determined previously was the necessity of these continuous periods for it was
possible that the same results could be obtained by split photophases during each
24 h period. The results of an experiment to determine this are reported here.
METHODS AND MATERIALS
Forty five males and 45 females from FJ generation laboratory stock were placed in an
incubator (23.9 ± I. 1°C) under a 16L:8D photoperiod; the stock was established with in
dividuals collected July-August 1981, in Greene County and Craighead County, Arkansas.
and Jackson County, Illinois. They were maintained in mason jars (five of each sex/jar)
provided with cheesecloth as an oviposition site, a paper toweling strip, and filter paper, and
fed green snap beans (Phaseolus VUlgaris L.), as described by McPherson (1971).
Each resulting egg cluster was placed in one of the following three photoperiods, and the
individuals reared to adults as described by McPherson (l971): 8L: l6D, 8L:4D:8L:4D, and
16L:8D. The 8L:4D:8L:4D photoperiod exposed the animals to only S h of continuous light
but a total of 16 h of light/24 h. Ail individuals were reared at 23.9 ± I.1°C during the light
and dark phases, and in about 260 ft-c during the light phases (Sylvania, 15W Daylight,
F15T8/D).
Adult characters compared were color (green or brown) and pubescence (long or short);
short hairs were defined as those shorter than the diameter of the tibia. The data were not
analyzed statistically because the results were clear.
'Department of Zoology, Southern Illinois University, Carbondale, IL 62901.
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RESULTS AND DISCUSSION
There were no differences in color and pubescence between males or females reared in the
8L: 16D and 8L:4D:8L:4D photoperiods; all were brown with long pubescence (Table I). All
adults from specimens reared in the 16L:8D photoperiod were green with short pubescence.
These results show that the length of each developmental photophase, rather than the
combined total of all photophases. during 24 h determines the adult morpho They also help
to explain the role of the dark period.
In earlier experiments. it had been assumed that the observed dimorphism resulted from
the length of the photophase, not the scotophase. For example, in the experiment to de
termine the threshold photoperiod (McPherson 1978b). animals were reared in photoperiods
ranging from 8L: 16D to 18L:6D. It was possible that the range of scotophases. not photo
phases. produced the results.
In the present experiment, scotophases of 4 and 16 h were involved in the production of
the fall/spring form and 8 h. the summer form. Thus, it appears that photophase does
determine the morph, that scotophase is only breaking the photophase, and that the length of
the scotophase is unimportant between 4 and 16 h, perhaps less.
Table I. Comparison of color and pubescence between Thyanta calceata adults reared in
continuous and split photophases during each 24 h period.
Color
Dorsal

Ventral

Pubescence

Sex

Brown

Green

Brown

Green

Short

Long

8L:16D
8L:4D:8L:4D
16L:8D

,)
,)
,)

20
20
0

0
0
20

20
20
0

0
0
20

0
0
20

20
20
0

8L:16D
8L:4D:8L:4D
16L:8D

¥
¥
'i'

20
20

0
0
20

20
20

0
0
20

0
0
20

20
20

Photoperiod

0

0

0
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A NEW SPECIES OF HYDROCHARA (COLEOPTERA:
HYDROPHII.lDAE) FROM THE WESTERN
GREAT LAKES REGION I
William L. Hilsenhoff and Bryn H. Tracy2
ABSTRACT
A new species Hydrochara simula (Coleoptera: Hydrophilidae) is described from Wis
consin and separated from other western Great Lakes species by a key. It is similar to H.
obtusata (Say) and H. soror Smetana, but males can be easily recognized by a dorso-basal
concavity of the aedeagus. Females can be distinguished from H. obtusata and H. somr by
the more elongate penultimate segment of the maxillary palpus and other less consistent
characters.

In 1980 Ales Smetana revised Hydrochara Berthold and described four new species from
North America. We have discovered a fifth new species in the western Great Lakes region,
which will key to H. obtusata (Say) in Smetana (1980). Because of its similarity to H.
obtusata we have named it Hydrochara simula. In material identified by Smetana that we
have examined, the new species was always identified as H. obtusata, but some females in
other collections may have been identified as H. somr Smetana. Male H. simula are readily
separated from H. obtusata by a dorso-basal concavity of the aedeagus (Figs. 1 and 2) and
the lack of a pronounced carina on the metasternal end of the sternal keel (Figs. 3-6). Both
sexes can be separated from H. obtusata by the longer third segment of the maxillary palpus
and differing arrangements of punctures on the pronotum and head.
We examined the neotype of H. obtusata, and all paratypes of H. soror and specimens of
H. obtusata in the Field Museum of Natural History, which included specimens recently
donated by Dr. Walter Suter of Carthage College. We also examined a male and female of H.
bre6palpus Smetana, H. soror, H. leechi Smetana, H. obtusata, and H. occulta
(d'Orchymont) from the National Museum of Natural History. All of the above beetles had
been identified by Smetana. We identified all Hydrochara in the University of Wisconsin
Insect Collection, and in Wisconsin H. obtusata and H. simula were the most common and
widely distributed species. Nine H. spangleri Smetana from the southern half of Wisconsin
were found, and from extreme southern Wisconsin we identified three H. leechi (two males
and a female collected in 1915 and 1916) and four female H. soror. Three of the H. soror
were from Dr. Suter's collection and the fourth, from the University of Wisconsin Insect
Collection, was collected in 1899.
From our study of these five sympatric species we conclude that females as well as males
can be identified in the region of sympatry, with the male genitalia being diagnostic. Below is
a description of the new species, a key to species in the western Great Lakes region that
includes H. bre/;ipalpus, and notes on identification.
Hydrochara simula new species
Dorsum of head, pronotum, and elytra unicolorous and densely micropunctate with vary
ing sizes of punctures. Specimens preserved in ethanol dark copper brown; pinned speci
mens almost black with some greenish hues. Length (to tip of elytra): Males 17.6 mm
lResearch supported by the College of Agricultural and Life Sciences, University of Wisconsin
Madison.
2Department of Entomology, University of Wisconsin, Madison, WI 53706.
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l-ii. (I) Male genitalia of H. simula (dorsal view). (2) Male genitalia of H. obtusata (dorsal view).
Metasternal portion of sternal keel of a male H. simula (ventral view). (4) Metasternal portion of
sternal keel ofa male H. obtusata (ventral view). (5) Metasternal end of sternal keel ofamale H. s"mula
(ventral view). (6) Metasternal end of sternal keel of a male H. obtusata (ventral view).

(16,0-19.1), holotype 17.3 mm; Females 19,5 mm (18,1-21.0), allotype 19.3 mm. Width:
Males 8.4 mm (7.9-9.1), holotype 8.4 mm; Females 9.5 mm (8,S-1O.0). allotype 9.4 mm,
Head. Groups of large, green, setiferous punctures as follows: about 12 in a row along
posterior margin of labrum; a semicircular row of about 12 on frontoclypeus in front of each
eye; a linear group of 5 or 6 in males, 8 to 12 in females, on a small sclerite directly anterior
to each eye; and a mostly double or triple row of about 18 running obliquely mesad and
posteriorly from anterior edge of each eye, usually distinctly separated from a more pos
terior group of 4 or 5 closer to posterior margin of eye. Piceous ventrally with labial and
maxillary palpi testaceous to rufotestaceous, terminal segment of maxillary palpi with a
piceous apical ring. Third segment of maxillary palpi elongate, usually 1.3-1.4 mm long and
1.4 times as long as last segment. Antennae testaceous with a rufopiceous club.
Pronotum. Large, green, setiferous punctures arranged as follows: a single row of about
15 along each lateral margin in anterior half; a group of about 6 near each anterolateral
corner and a loosely-formed group of 15 to 20 more posterior; a tightly formed oblique group
of about 15 in anterior third directly behind inner margin of each eye, punctures often
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contiguous and fonning an irregular double row. A pair of widely separated impressed black
spots near posterior margin.
Elytra. Eleven obscure, somewhat impressed longitudinal striae of larger punctures on
each elytron. Large, green, setiferous punctures forming 6 irregular longitudinal striae on
each elytron, with marginal stria having the most punctures.
Venter. Piceous to rufopiceous, with rufous areas along margins of elytra, pronotum, and
near lateral margins of abdominal sterna. Densely punctate and setiferous, except for
prosternal keel, meso- and metasternal keel, and a large truncate patch at apex of fifth
abdominal sternum, which are glabrous with minute microsculpture and scattered small
punctures. Meso- and metasternal keel rufopiceous, notched near anterior end, sligntly
expanded in metasternal area, width at meta sternal expansion about 35% greater than at
meso sternal expansion. Keel narrowly sulcate in metasternal region, strongly arched pos
terior to sulcus and sharply pointed to the rear (Figs. 3 and 5).
Legs. Rufopiceous, with posterior of profemora and anterior of meso- and metafemora
mostly rufous. Tarsi with a dense dorsal fringe of long golden hairs.
Male Genitalia. Parameres elongate, narrow, rounded at tip, and extending well past
aedeagus (Fig. D. Aedeagus gradually tapered to a blunt, sliglttly notched tip with distal fifth
about 1.5 times as wide as parameres. Dorsum of aedeagus distinctly concave in basal half,
with a complete, fine, median longitudinal groove.
Holotype and Allotype. The holotype male and allotype female were collected by Bryn
Tracy from a vernal pond at the junction of McKee Road and Seminole Higltway in Dane
County, Wisconsin (T6N, R9E, S8) on 3 May 1980. Both beetles are deposited in the
University of Wisconsin Insect Collection at Madison.
Di.!,1ribution of Paratypes. National Museum of Natural History, male and female from
Door Co., WI; Canadian National Collection, male and female from Brown Co., WI;
Museum of Comparative Zoology, male and female from Dane Co .. WI; Field Museum of
Natural History, male and female from Adams Co., WI; University of Wisconsin Insect
Collection, male from Brown Co., WI, male from Door Co., WI, 4 males from Dane Co.,
WI, male from Price Co., WI, and female from Marinette Co., WI.
Specimens Examined. IL I, IN 12, MI 13, WI 39, Ontario l.

KEY TO HYDROCHARA IN THE WESTERN GREAT LAKES REGION

2(1)
3(2)

4(2)

5(4)
6(5)

Maxillary palpus very short, penultimate segment less than 0.9 mm long ......... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . brevipalpus Smetana
Maxillary palpus elongate, penultimate segment greater than 0.9 mm long ........ 2
Terminal segment of maxillary palpus entirely testaceous ....................... 3
Terminal segment of maxillary palpus with a dark ring at tip ................... 4
Penultimate segment of maxillary palpus at least 1.4 mm long ................... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . spangleri Smetana
Penultimate segment of maxillary palpus not longer than 1.3 mm ................ .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .obtusata (Say) in part
Metasternal portion of sternal keel strongly dilated, about twice as wide as mesosternal
portion ...................................................... ieechi Smetana
Metasternal portion of sternal keel at most weakly dilated, not more than 1.5 times as
wide as mesosternal portion ............................................... 5
Sternal keel parallel-sided, not dilated in metasternal region ........ soror Smetana
Sternal keel at least slightly dilated in metastemal region, usually about 1.25 times as
wide as mesosternal portion ............................................... 6
A distinct carina at metasternal end of sternal keel in males. less distinct or absent in
females; penultimate segment of maxillary palpus in females rarely as long as
1.3 mm ............................................... obtusata (Say) in part
No carina at metasternal end of sternal keel in males or females; penultimate segment
of maxillary palpus in females usually longer than 1.3 mm ....... simula new sp.
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NOTES ON IDENTIFICATION
Hydrochara brevipalpus can be easily separated from other Hydrochara by the extremely
short maxillary palpi. The other five species in the western Great Lakes region can be
separated with certainty by the male genitalia; most males and females can also be identified
by characters in the key. Hydrochara obtusata, H. soror. and H. simula are the most
similar. Male H. leechi are readily identified by the shallow dorso-apical depression of the
aedeagus and apically incurved and narrowly expanded parameres (Smetana 1980, Figs. 18
and 76). A strongly dilated metasternal portion of the sternal keel. which is usually at least
twice as wide as the widest part of the mesosternal portion (Smetana 1980. Fig. 61), also
distinguishes H. leechi. In H. obtusata and H. simula the metasternal dilation is rarely as
great as 1.5 times the width of the mesosternal portion, and in H. soror and H. spangleri
there is no dilation. Male H. spangleri can be readily recognized by a pronounced dorsal
concavity of the aedeagus (Smetana 1980. Fig. 75). Hydrochara spangleri is also easily
identified by the long third segment of the maxillary palpi (> 1.4 mm), and the lack of a dark
ring at the tip of the last palpal segment. Only in H. simula is the third segment of the
maxillary paJpi as long as 1.4 mm, but in H. simula the terminal palpal segment has a dark
apical ring.
Hydrochara soror can be most readily separated from H. obtusata and H. simula by its
parallel-sided sternal keel, which is not dilated in the metasternal region as is the keel of the
latter two species. In addition, the ventral surface of the keel between the metacoxae is flat,
with a fine median carina in both sexes. In H. simula the keel in this region is strongly
arched, but has no carina (Figs. 3 and 5), and in H. obtusata the keel is arched with a strong
carina in males (Figs. 4 and 6) and little or no carina in females. In all species there is an
anterolateral oblique row of large, green, setiferous punctures on each side of the disc of the
pronotum. In H. obtusata this row is more elongate and not always a double row ofpunc
tures as it is in H. simula and H. soror. There are also several large, green, setiferous
punctures mesad of each eye in all species. In H. obtusata these puctures tend to form an
irregular single to double row that mostly follows the contour of the eye and is only slightly
separated from the posterior four to six punctures. In H. simula and H. soror these punc
tures tend to form a mostly double row that runs obliquely mesad from the inner anterior
margin of the eye and usually is distinctly separated from punctures near the posterior
margin of the eye. In H. soror the posterior punctures are usually in a row of two to four,
while in H. simu{a they most often form an irregular group of three to five.
Finally, males of H. simula, H. obtusata. and H. soror may be separated by differences in
the genitalia. As stated in the species description of H. simu{a, the dorsum of the aedagus is
distinctly concave in the basal half (Fig. I), while it is slightly convex in H. obtusata (Fig. 2)
and H. soror. In H. soror the parameres are wider both basally and apically and the apices
are flat dorsally and distinctly incurved (Smetana 1980, Fig. II). In H. simula and H.
obtusata the parameres are slender, narrow, dorsally rounded, and not incurved (Figs. I and
2).
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ACCURACY AND PRECISION OF INSECT DENSITY
AND IMPACT ESTIMATES
Gary W. Fowler and John A. Witter l
ABSTRACT
In estimating insect density and impact, entomologists are understandably interested in
accuracy of estimation, but they almost always are dealing with precision because of bias
due to an invalid estimator, probability sampling, or nonsampling errors. Definitions related
to statistical estimation are reviewed and the concepts of accuracy and precision examined.
Interval estimation and optimum sample size determination related to accuracy and pre
cision, using the concept of allowable error, are examined. Criteria for selecting the best
estimator in tenns of accuracy and precision are presented, and the distortion of probability
statements due to bias is discussed. Accuracy and precision are compared and contrasted
using two examples: (I) estimating insect density and (2) estimating insect impact. Ad
justed and more accurate estimators can be obtained if the bias of an estimator can be
estimated from a preliminary sample.

In using statistical procedures to estimate insect densities and impact, entomologists must
decide whether to emphasize the accuracy or the precision of their estimates when referring
to the error of estimation. The terms accuracy and precision are not synonymous in most
situations, and there is confusion among some entomologists as to whether they are working
with accuracy or precision. Interpretation of point and interval estimates and the determina
tion of optimum sample size depend on which concept is being used.
The objectives of this paper are to (I) review some definitions related to estimation,
(2) compare and contrast accuracy and precision and present the case for using the term
precision instead of accuracy, (3) examine interval estimation and the determination of
optimum sample size, (4) compare and contrast unbiased and biased estimators, and
(5) examine two case studies: (A) estimating insect density and (B) estimating insect im
pact.
Most entomologists are familiar with the definitions given in Table 1 (p. 114), which is
included for those who might find a quick review useful.
ACCURACY AND PRECISION
The precision of an estimator refers to the magnitude of the deviations of sample estimates
(x) from their mean or expected value E(x) and is usually measured by the variance of the
estimator Var(ji:) or its standard error v'Var(x). The actual sampling error, or precision, of
an estimate, x - E(x), is almost a1w\lYs unknown. The sample standard error Sx is an
estimate of the average precision of the estimator x.
The accuracy of an estimator refers to the magnitude of the deviations of the sample
estimates (x) from the popUlation parameter /-L being estimated and is usually measured by
the mean square error of the estimator MSE(x) or its standard error v'MSE{x) (Cochran
1977, Lindgren 1962, Raj 1968).

1Forest Resources Program, School of Natural Resources, The University of Michigan, Ann Arbor, MI
48109.
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The true sampling error, or accuracy, of an estimate, x - J.L, is almost always unknown. If
an estimator is unbiased in probability sampling, valid for the situation, and nonsampling
errors are not present, E(x) J.L, MSE(x) Var(jl:), and accuracy and precision are iden
tical. In this case, si is an estimate of the average accuracy of the estimator x. However, if
an estimator is biased in probability sampling, invalid for the situation, or nonsampling
errors are present, an estimate of the accuracy of the estimator x cannot be obtained because
the magnitude of the bias is usually unknown. All that can be calculated is sx which is only a
measure of precision.
Entomologists estimating insect density and impact should emphasize the precision and
not the accuracy of their estimates. We agree that it is accuracy that entomologists are
usually interested in, but it is only precision that they will be able to measure in most cases
due to one or more of three types or sources of bias: (1) bias in probability sampling,
(2) bias due to use of an estimator invalid for the situation, and (3) bias caused by nonsam
piing errors.
Biased estimates will be obtained from estimators that are biased in probability sampling
(i.e., the mean or expected value of the estimator is not equal to the population parameter
being estimated). Regression and ratio estimators are biased estimators, and the biases
associated with these estimators can be minimized by taking large samples.
Estimators can yield biased estimates when the estimator is invalid for the situation.
Examples of such estimators include (A) the use of simple random sampling estimators,
based on equal probabilities of selection, when sampling with probabilities proportional to
the size of the sampling unit (p.p.s.) should be used; (B) the use of equal selection proba
bilities at one or more stages of a multi-stage sampling estimator when unequal selection
probabilities should be used, and (C) the use of simple random sampling estimators when
data have been collected using systematic sampling. The biases associated with such es
timators can be alleviated in many cases by using the correct probabilities of selection.
Estimators that are unbiased in probability sampling and valid for the situation can, and
almost always do, produce biased estimates due to one or more nonsampling errors. Non
sampling errors include all errors arising in the course of collecting and processing the data.
Some of the more common nonsampling errors associated with insect density and impact
estimates are listed in Table 2 (p. 116). Nonsampling errors can be minimized by
(I) being aware of such errors, (2) careful organization of the sampling process, (3) hiring
the best personnel for the job, (4) thoroughly training personnel, and (5) frequently check
ing all phases of the sampling process with error checking routines (e.g., using a facsimile
tally sheet of the previous year's data as a check in the field when collecting next year's
data). Even though such errors can be minimized, they cannot be eliminated entirely.
For the above reasons, entomologists should emphasize the precision of their estimates.
Accuracy can only be referred to when estimates are unbiased or the bias associated with
biased estimates is known. This is hardly ever possible in real-world situations.
INTERVAL ESTIMATION AND OPTIMUM SAMPLE SIZE
It is almost never known how close a point estimate it is to the population mean J.L. The
goodness or reliability of an estimate is usually determined by a normal-based confidence
interval or a distribution-free error bound. Such> interval estimates are obtained from an
interval estimator.
An interval estimator is a rule for constructing an interval estimate from sample data so
that a confidence statement can be made about the population parameter being estimated.
The upper and lower bounds of the interval estimate are called confidence or error bound
limits. The confidence coefficient, usually expressed in percent, indicates how many times
in the long run such intervals, based on the same sample size and identical sampling pro
cedures, will include the population parameter being estimated.
Interval Estimation. Most entomologists use two types of (l - a)% confidence intervals
for J.L based on a simple random sample from a population that has a nonnal distribution;
(I) a.2 known: it
(2)

(J2

unknown:

x

Za/llIx
ta/l, n-l Sx
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where as! is the population variance, Za/2 and ta , n-I are the upper critical values of the
standard nonnal distribution and Student's t-distribution with n
I degrees of freedom,
respectively, and a is the level of significance.
Some entomologists may not be familiar with the 75% error bound for Ik based on a simple
random sample with no assumption made about the population distribution:
(3)

x :!: 2S x.

For the (1
a)% confidence intervals, one states with (1 - a)% confidence that the true
population mean is within the calculated interval if the underlying assumptions are true. For
the 75% error bound based on Tchebysheffs Theorem (Fowler and Hauke 1979, Hogg and
Craig 1965, Scheaffer et al. 1979), one states with at least 75% confidence that the true
population mean is within the calculated interval regardless of the underlying distribution of
X. All three procedures assume a finite mean and variance.
The 75% error bound is based on the assumption that the popUlation variance rr is known.
Since equation (3) is based on sx, the error bound coefficient is approximate. This approxi
mation is very good if the sample size is greater than 10. Seventy-five percent is a lower
bound on the confidence coefficient. Most distributions would yield an actual confidence
coefficient between 80 and 90%. If the population were normally distributed, the 75% error
bound has an actual confidence coefficient equal to approximately 95% because ZO.025
1.% is very close to 2.
We strongly prefer the 75% error bound approach when the population distribution is
unknown or not normal and the sample size is relatively small. It puts a lower bound on the
confidence coefficient regardless of the population distribution while at the same time says
that the confidence coefficient is approximately 95% if the distribution is normal. Also, the
75% error bound is simpler to calculate than either of the (1 a)% confidence intervals.
The two 95% confidence intervals and the 75% error bound yield essentially the same results
in tenns of the width of the interval estimate and confidence coefficient for larger sample
sizes, due to the Central Limit Theorem (Hogg and Craig 1965).
All three interval estimators yield unbiased interval estimates if based on observations
from a simple random sample and none ofthe three types of bias are present. The confidence
coefficients assume unbiased interval estimates when inferences are to be made about the
population mean Ik. The actual confidence coefficients related to estimation of Ik are un
known if interval estimates are biased. Thus, we refer to the accuracy of x in estimating Ik if
interval estimates are unbiased; however, if interval estimates are biased, we refer to the
accuracy of x in estimating E(x) Ik + B.
The goodness (accuracy or precision) of the estimate x of Ik can be measured by the
half-width, d, of the confidence interval (ZaplJx or tap ,n-I sx) or the 75% error bound
(2s)(); d is called the allowable error AE. The allowable error percent AE% (dl
x) . 100 is the most common measure of the goodness of x. In entomology sampling prob
lems, AE% is usually set between 5 and 40. Once a sample has been taken and an interval
estimate calculated, the AE% associated with that sample can be determined.
Optimum Sample Size. An important problem in estimation is to determine prior to sampl
ing the sample size n necessary to yield a confidence interval or error bound half-width no
larger than some specified size d. The formula to determine this optimum sample size for the
75% error bound, disregarding the finite population correction, is obtained by solving equa
tion (3) for n to yield
(4) n = (2s/d)2.

Similar fonnulas can be obtained from equations (I) and (2) for the two normal based
confidence intervals.
To detennine n, d AE is set at some desired value (e.g., by administrative fiat) or
obtained by setting the AE%, taking a preliminary sample (or using a previous sample from
the same or a similar population), and calculating d = AE% . X. The sample standard devi
ation s must also be determined from a preliminary sample or a previous sample from the
same or a similar population.
Equation (4) can be modified to use cv, the sample coefficient of variation, and AE% to
yield

(5)
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n

(2S~2

= (2s/x(lOO\2

d) \ d/X(lOO/

(2 c<\'.

AE%}
Equations (4) and (5) yield identical results.
For small sample sizes, the two normal-based procedures with 0:
0.05 and the 75%
error bound procedure yield considerably different optimum sample sizes. For larger sample
sizes, the three procedures yield approximately the same results. We strongly prefer the
75% error bound procedure as discussed earlier.
Some entomologists use d AE tTx or Sx as a measure of the goodness of x. In this
case, AE% = sx/x( 100) = cvm, the coefficient of variation of the mean. This value of dis
associated with an approximate 68% confidence interval when X is normally distributed and
(72 is known. Since the allowable error associated with the 75% error bound (d = 2sx ) is
twice that associated with d sx, the sampler should make sure which form of AE and
AE% is appropriate by determining what confidence level is correct for the situation. If
AE
sil: or AE = 25 x , one is approximately 68% or 95% confident that the interval calcu
lated will include M, respectively, assuming X is normally distributed and that x is an
unbiased estimate.
Goodness usually refers to precision since insect density and impact estimates are almost
always biased.
COMPARISON OF ESTIMATORS
At first glance, entomologists might choose an unbiased estimator over a biased one since
biased estimators have a bad reputation because bias introduces complications and may
distort inferences about population parameters. Some samplers consider only the bias due to
probability sampling or invalid estimators. This type of bias is usually relatively small
compared to nonsampiing biases (Table 2, p. 116).
Given an estimator x, bias is defined as B = E(x) - M. If E(x) M, B = 0, x is an
unbiased estimator yielding unbiased estimates, and the sampling distribution f(x) is
centered around M (Fig. I). When x is biased, E(x) = M + B, its sampling distribution is not
centered around M but E(x) (Fig. 2).

Fig. I. Hypothetical normal distribution for the unbiased estimator x, where E(x 1 )

Fig. 2. Hypothetical normal distribution for the biased estimator
positive.

x,

where

E(x,)

I-'

= 1-'.

+ Band B is
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Even though biased estimators have a bad reputation and there is a misconception that
unbiased estimators are always more accurate than biased ones, some biased estimators
may be more accurate than unbiased ones. For example (Fig. 3), the biased estimator x2 may
or may not be more accurate than the unbiased estimator Xl since the variance of x 2 is
considerably smaller than the variance of x,. For a given estimator. accuracy is a function of
the magnitude of both the variance and the bias. The probability that the sample estimates
will fall in the interval (a,b) is much larger in the case of x2 than x,.
In choosing between the two estimators when at least one of them is biased, the sampler
must develop a criterion to select the "best" estimator and be aware of the effects of both
bias and variance on probability statements.
Selection Criteria. The precision of an estimator x is measured by the variance of the
estimator uxt = u 2 /n where u2 is the variance of the random variable X; UX2 measures
deviations from E(x), not from p... If X is unbiased, then E(x) p.. and the accuracy of x is
measured by uil 2 • If precision is the criterion for selecting the best estimator. then the
estimator that has the smallest variance is the "best" or most precise one.
The accuracy of an estimator is measured by the mean square error (MSE) of the esti
mator where MSE(x) ux 2 + B2. If an estimator is unbiased, MSE(x) = ux" and its ac
curacy and precision are identical. MSE(x) measures deviations of x from p.. and appears to
be a more desirable criterion for choosing the "best" or most accurate estimator.
The relative statistical efficiency (Arvanitis and Fowler 1979. Fowler 1979. Fowler and
Simmons 1980, Lindgren 1962) of estimator Xl compared to estimator x2 is
e(x l ,x 2 ) = MSE(x 2 J/MSE(x,). If e(x l .x 2 ) < I, x 2 is more efIicient (accurate) than Xl with the
reverse being true when e(xl'x, ) > I. If both x, and x2 are unbiased,
e(x "x 2 ) = ux;/ux~.
If Xl is unbiased and x2 is biased,

If tTx" < ux", Xz is more precise than Xl' In addition, x2 is more accurate than XI for sample
sizes1ess thltt n*, where n* is determined by setting MSE(x l ) = MSE(x 2 ) and solving for
n = n* (i.e., n* is that value of n where MSE(x l ) and MSE(x 2 ) are equal). The estimator Xl is
more accurate than x2 for sample sizes greater than n*.
Entomologists are usually interested in accuracy. If they want only to make a point
estimate of /L, the estimator with the smallest MSE is preferable. However, most I.!stimates
will be biased because of nonsampling errors with the bias unknown. Thus, entomologists
will be able to estimate only the variance of the estimator and choose the estimator that has
the smallest variance (i.e., highest precision). If the bias is known or can be estimated, the
MSE should be calculated so that the estimator with the smallest MSE (i.e., highest ac
curacy) can be chosen. If an estimate of the bias is available from a preliminary sample,
adjusted and more accurate estimates can be obtained.

Fig. 3. Hypothetical normal distributions for the unbiased
E(x l )
J.L and Elx2 ) = J.L ~ Band B is positive.

(x,)

and biased (X2 ) estimators where
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It is not entirely correct that two estimators that have the same MSE are equally accurate
(Cochran 1977). The frequency distribution of errors (x - f.L) will not be the same for two
estimators with different size biases. However, if !BI/O"x < 0.5, the two frequency distribu
tions are almost identical with respect to absolute errors Ix f.L1.
Probability Statements. The estimator with the smallest mean square error may be the best
one if entomologists only want to make a point estimate of a population parameter. How
ever, if probability statements about population parameters are also needed to construct
confidence intervals or test hypotheses, it should be realized that bias distorts such proba
bility statements (Cochran 1977, Hansen et al. 1960, Raj 1%8).
For an unbiased estimator XI with E(x l ) f.L, assuming normality, variance O"X2 known,
and level of significance a
0.05,
I
(6) P(x l

-

I.%O"x l

,s f.L

Xl

+ 1.9OOx)

=

0.95

from which the 95% C.l. for f.L can be computed as (Xl ± l.96rrx ). In terms of the accuracy
of Xl' one can say that Xl is in error by 1.960"x or more with probability 0.05 (see f(x l ) in Fig.

4).

I

However, for a biased estimator x2 with E(x 2 ) = f.L + B, variance O"x; known, and bias B
unknown.
(7) P(x 2 - 1.96O"x 2 os f.L
x2 + 1.9OOX2 ) os 0.95
which yields an actual a larger than 0.05 and a less than 95% C.1. for f.L that can be computed
as (X2 ± 1.9OOx ). Since E(xz> = f.L + B, the effect of bias on the probability statement
depends on Bldx . The larger 181/O"x ' the larger the actual a will be compared to the
nominal a and the 2smaller the actual c6nfidence coefficient will be compared to the nominal
confidence coefficient. If B
0, equation (7) reduces to equation (6).
In terms of the accuracy of x2 ' we can say that x 2 is in error by 1.9OOx• - B or more with
probability greater than 0.05 (see f(x 2 ) in Fig. 4), depending on the sIze of IBI/ux 2 ' For
a
0.05, the actual values of a are 0.0509, 0.0546, 0.0604, 0.0790, and 0.1700 for IBI/
O"X2 = 0.10,0.20,0.30,0.50, and 1.00, respectively. If the bias is no larger than 10% of UX1'
the effect of bias on probability statements is negligible. Even with the bias as large as 30'lc
of O"x" the effect is quite modest. Biases associated with insect density and impact estimates
are often considerably larger than 30% of O"x (see next section).
If the bias is known. the 95% C.Lfor f.L is (x'2 - B)
1.9OOx as the effect of the bias on
probability statements has been eliminated. However. bias is ThsuaUy not known in ento
mology estimation studies. If an estimate of the bias (8) can be obtained, B can be substi
tuted for B, reducing the effect of bias (Fowler and Simmons 1980).
The effect of bias increases as sample size increases since B is constant and ux' decreases
with sample size. To find the largest sample size n' such that the effect of bia~ is modest
(actual a
0.0604 when nominal a
0.05), set IBI/O"x2 0.3 and solve for n-this value of
n is n'.
It should be pointed out that some biased estimators may be more cost-effective than
unbiased ones.

i
Fig. 4. Hypothetical nonnal distributions for the unbiased (x,) and biased (x,) estimators with
E(x, )
/.I. and E(x,)
/.I. + B where B is positive. The pIa
XI::S b) ~ 0.95 and pIa
x,,; b)
< 0.95 for a = 0.05 where a = l.960- x or -1.960-x - Band b = l.960-x or 1.960-)(, B for
x, and x" respectively; (Tx, and (Tx are Jqual.
2
,
2
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EXAMPLE I: ESTIMATING INSECT DENSITY

Twenty branch tips each 70 cm long were clipped from the midcrown of several balsam
fir, Abies balsamea L., trees in the Ottawa National Forest in Michigan's Upper Peninsula
during August 1979. A counter determined the number of spruce budworm. Choristoneura
fumiferana (Clemens), egg masses on each branch, and a checker determined the number of
egg masses missed by the counter on each branch (Fowler and Simmons 1980). The number
of egg masses found by the counter will be called the observed number of egg masses while
the number of egg masses found by the observer plus the additional number of egg masses
found by the checker will be called the actual number of egg masses. The difference between
the actual and observed number of egg masses is the observer error.
The set of20 branches represents an artificial population of foliage surface area and in no
way is representative of the real population from which the branches were selected. This
popUlation will be used to demonstrate the difference between accuracy and precision in
estimating egg mass density.
The popUlation N = 20 branches yielded a total foliage surface area of 45,030 cm", a total
13.75 egg masses per
actual number of egg masses of 619, and an egg mass density of JLA
1000 cm2 of foliage surface area. The total observed number of egg masses was 524, which
yielded an egg mass density of JLo
11.64. The bias due to the nonsampling error of counter
missed egg masses was B = iJ-O JLA = -2.11, meaning that the nonsampling error for this
population was -15.3% of JLA' The means JLA and JLo were determined using probabilities
proportional to branch surface area (Le., the weight of each branch in determining the
population mean is equal to its surface area).
The number of egg masses observed. actual number of egg masses present, foliage surface
area, observed egg mass density, and actual egg mass density for the 20 branches are shown
in Table 3. Assume that the egg mass density for the population of 20 branches is to be

Table 3. Number of egg masses observed, actual number of egg masses present, branch
foliated surface area, and observed and actual egg mass density for the popUlation of 20
branches.
Branch
Number
2
3
4

5
6
7
8
9

10
II

12
J3
14

15
16
17
18
19
20

Egg
Masses
Observed

Egg
Masses
Present

Surface
Area
(em2)

Observed

Actual

41
58
13
41
6
28
38
25
14
35
24
12
2
30
60
28
12
23
23

50
72
16
52
10
32
44
30
16
39
27

2880
4740
1920
2640
%0
1680
2160
1470
1320
3000
2880
1680
1680
2400
3240
4620
1440
1920
1800
1200

14.24
12.24
6.77
15.53
17.59
16.67
6.25
17.01
10.61
11.67
10.53
7.14
1.19
12.50
18.52
6.06
8.33
11.98
12.78
9.17

17.36
15.19
8.33
19.70
20.37
19.05
10.42
20.41
12.12
13.00
11.84
7.74
1.19
13.33
23.77
7.14
9.03
12.50
13.89
10.00

11

13

2
32
77
33
13
24
25
12

Egg Mass Density
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estimated by selecting a simple random sample of n branches (i.e., sampling probabilities are
equal). This is an invalid or biased sampling procedure since each branch has a different
surface area and these surface areas were used to determine the population means f.tA and
f.to. A valid or unbiased sampling procedure would be to select branches with probabilities
determined by surface area (i.e., probabilities proportional to size). However, such a pro
cedure is not feasible since the size distribution of branches is not known in advance.
The per branch population mean XA and variance (T~ of the 20 branches for the actual egg
mass density are 13.32. and 29.3231, respectively. The bias due to the procedure of random
sampling with equal probabilities of selection is B1 = XA - f.tA
-0.43. The per branch
population mean Xo and variance fF6 of the 20 branches for the observed egg mass density
a~e 11.34 and 19.6089, respectively. The bias B2 = Xo - f.tA
-2.41. where 12.4%
(Xo - f.to
-0.30) and 87.6% (f1{) - f.tA = -2.11) of B2 are due to the invalid sampling
procedure and counter missed egg masses, respectively. The part of B, due to counter
missed egg masses is approximately 7 times larger than that due to the invalid sampling
procedure.
n
The estimator KA
xAi/n based on the actual egg mass density has a variance
fF~ "" fF~/n, assuming sampling with replacement, while the estimator Xo

based on the observed egg mass density has a variance of fF~O
In terms of precision, the relative efficiency of KO to KA is
fFKi
fFKb

= fF.•.2/n = 29.3231
fFo2/n

=

n

xo;ln

ab/ n.

1.50

19.6089

for any sample size n, showing that Xo is considerably more precise than itA'
In terms of accuracy, the relative efficiency of ito to itA is
MSE(itA)

<Tx~ + B12

29.323i/n + 0.1849

MSE(xo)

<Txb + B22

19.6089/n + 5.8081 '

showing relative efficiency is a function of sample size n. The estimator xAis more accurate
than Xo for sample sizes greater than n = I and becomes more and more accurate as n
increases. For example, e(xo,i.,) = 0.95, 0.62, 0.40, and 0.24 for n = 2, 5, 10. and 20,
respecti vely.
The precision of an estimator as a percentage is commonly calculated as (<Tx/f.t) 100, which
is the coefficient of variation of the mean. This is the allowable error percent related to a
68.27% confidence interval under normality. For the 75% error bound, the precision of an
estimator or the allowable error percent is calculated as (2fFx/f.t)100, which is related to a
95.45% confidence interval under normality and twice as large as precision related to the
68.27% confidence interval. If the estimator is unbiased, one refers to accuracy as well as
precision.
The accuracy of an estimator as a percentage is calculated as ('vMSE(it)/f.t)IOO, which
reduces to (<Tx/f.t)lOO when x is unbiased.
The precision and accuracy of xA and .ito for n = 2, 5, 10, and 20 are shown in Table 4.
Precision and accuracy for both KA and KO increase as n increases with KO always more
precise than KA because Xo has the smaller variance. For n constant, both xA and KO have
higher precision than accuracy with xA being more accurate than ito. As n increases itA
becomes increasingly more accurate than .ito.
Since both .itA and
are biased and the bias is usually unknown, when we calculate
sample estimates we are almost always working with precision when what we want is
accuracy. For n
10, xA has a precision «fFx/f.t)IOO) of 12.5%. We would be somewhat
underestimating the actual accuracy of 12.8% if we erroneously called it 12.5%. A sample
size somewhat larger than 10, on the average, would be needed to yield an accuracy of
12.5'70. For n
10, ito has a precision of 10.2%. If we erroneously called this accuracy, we
would be considerably underestimating the actual accuracy 01'20.3%. No sample size would
yield an accuracy of 10.2'70 because (B 2 /f.tA)100 = 17.5%, which is as accurate as Xo can be.
Sometimes biased estimators cannot yield the desired accuracy.
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Table 4. Precision and accuracy of xA and Xo for n
(<T,,} p,)l 00

2,5, 10, and 20.

(2<Txlp,) 100

(v'MSE/p,) 100

n

XA

Xo

~

Xo

xA

Xo

2
5
10
20

27.8
17.6
12.5
8.8

22.8
14.4
10.2
7.2

55.9
35.2
25.0
17.6

45.6
28.8
20.4
14.4

28.0
17.9
12.8
9.3

28.7
22.7
20.3
18.9

As discussed earlier, bias distOIis probability statements. For xA, IBI/<TXA = 0.03, 0.18,
0.25, and 0.36 for n = 2,5, 10, and 20, respectively. For xc' IBI/<Txo 0.78,1.22, 1.72, and
2.43 for n 2,5, 10, and 20, respectively. Probability statements are seriously distorted for
Xo for all values of n, while probability statements are only moderately distorted even at
n = 20 for xA . For both xA and xc' the distortion increases as sample Si7~ increases.
The bias due to the invalid sampling rule associated with xA is considerably smaller than
the bias due to the invalid sampling rule and counter missed egg masses associated with xc'
Even though Xo is always more precise than xA, XA is more accurate than Xo for sample
sizes greater than 1, especially for larger sample sizes. The superior estimator is clearly xA
as it has a relatively small bias.
In comparing two biased estimators or a biased estimator with an unbiased one, it should
be noted that bias affects both the precision and accuracy of an estimator. For the above
example, the estimator with both bias due to use of an invalid estimator and counter missed
egg masses (xo) had a considerably smaller variance and larger bias than the estimator with
just bias due to use of an invalid estimator (xA ). The effect of bias on the variance should not
be overlooked.
More accurate estimators can be obtained if the bias can be estimated from a preliminary
sample and this estimate used to develop an adjusted estimator (Fowler and Simmons 1980).

EXAMPLE 2: ESTIMATING INSECT IMPACT
Impact is often defined as the cumulative net effects of a given pest on the realized value
of a tree species, forest type, or management unit with respect to different resource uses and
management objectives.
The spruce budworm is the most important pest in North American spruce-fir forests. The
current budworm outbreak covers over 60 million ha of spruce-fir forests with losses es
timated at 283 million m3 in 1978 (Witter 1981). In the Lake States, the current outbreak
began in the 1960's and mortality of balsam fir was first reported in the eastern part of
Michigan's Upper Peninsula in 1971 (Hastings and Mosher 1976). Currently, damage in
individual stands varies from light defoliation to nearly complete stand mortality. Little
information was available on the impact of the spruce budworm in Michigan. Therefore, the
Michigan Impact Plot System was established in 1978 and 1979 to obtain a database for
quantifying the impact of the spruce budworm on forest growth and productivity in the
Ottawa and Hiawatha National Forests.
Mog and Witter (1979), Witter and Mog (1981), and Mog et aI. (I982) described the
sampling units being used in the Michigan Impact Plot System as: (1) primary sampling unit
(PSU), a forest compartment, (2) secondary sampling unit (SSU), a spruce-fIr stand, and
(3) tertiary sampling unit (TSU), circular plots of various radii. The PSU's were weighted
according to their acreages of spruce-fir and then selected randomly from each national
forest. The SSU's were weighted according to their acreages of spruce-fir, and two SSU's
were selected randomly from each PSU. Each SSU was divided into approximately two
equal parts with a composite ground sampling unit located in each part. The composite
ground sampling unit consisted ofthree concentric circular plots of various areas (0.02, 0.04,
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and 0.08 hal established around a common plot center. A TSU was one of these plots,
depending upon the parameter being measured and evaluated.
In order to determine the number ofTSU's to sample in a stand, Karpinski and Witter (in
press) investigated the effects of plot size (0.02, 0.04, and 0.08 hal and number of plots (2-5
plots) on the precision of estimates of several impact parameters. In general, AE% de
creased more rapidly as the number of plots increased compared to increasing the plot size.
The time needed to evaluate three 0.04 ha plots was approximately the same as that needed
to evaluate two 0.08 ha plots. Results indicated that three 0.04 ha plots yielded slightly more
precise estimates than two 0.08 ha plots.
Mog et al. (1982) presented the spruce budworm impact data at the national forest and
forest district levels for the years 1978-1980 for the following parameters: (I) percent tree
mortality, (2) total dead volume, (3) dead volume per ha, (4) live volume per ha,
(5) defoliation ranking, (6) frequency of top-kill, and (7) incidence of spruce budworm feed
ing on saplings and regeneration. Estimates of all parameters are based on three-stage cluster
sampling techniques, in accordance with the prescribed design.
Table 5 shows estimates of live volume (m3 /ha), with standard errors of these estimates in
parentheses, of balsam fir on the Ottawa and Hiawatha National Forests and the Iron River
Ranger District of the Ottawa National Forest. Live volume per ha was estimated from
0.08 ha plots. The allowable error percent (AE%), or coefficient of variation of the mean,
was 8.4% (1978).8.7% (1979), and 9.3% (1980) for the Ottawa National Forest, 23.6% (1978),
21.3% (1979), and 24.2% (1980) for the Hiawatha National Forest, and 14.7% (1978),11.8%
(1979), and 11.4% (1980) for the Iron River District of the Ottawa National Forest.
The set of stands chosen for the Michigan Impact Plot System could have been more
homogeneous by (I) choosing only those stands with a high percentage of fir throughout all
districts, (2) sampling injust one or two districts rather than all districts, or (3) traveling the
main roads and selecting stands within easy walking distance. Such a set of homogeneous
stands probably would yield more precise estimates than the set actually chosen, but the
bias associated with such estimates in estimating impact parameters for the entire population
of spruce-fir could be very large. The accuracy of such estimates could be very low and the
distortion of probability statements due to bias severe. The estimates based on the Michigan
Impact Plot System are probably not as precise as those based on a more homogeneous set
of stands, but they are more representative and in all probability are considerably more
accurate with distinctly smaller biases.
Entomologists using the above results for management planning might use the AE% as a
measure of the accuracy of the estimates for the popUlation of spruce-fir on a given national
forest or ranger district. We strongly believe that the above AE%'s can only be used as
measures of precision because the estimates are biased causing the true unknown accuracy
percentages to be higher than the above AE%'s.
Table 5. Estimates of live volume (m3/ha) of balsam fir for the Ottawa and Hiawatha
National Forests and the Iron River District of the Ottawa National Forest.
YEAR

OTIAWAN.F.

HIAWATHA N.F.

IRON RIVER DISTRICT

1978

41.8
(3.5)a

53.4
02.6)

44.1
(6.5)

1979

44.8
(3.9)

47.4
(10.1)

45.8
(5.4)

43.1
(4.0)

43.4
(10.5)

44.8
(5.1)

1980

aValues in parentheses are standard errors of the estimates.
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Bias was caused by the approximate nature of the sampling procedure (Mog 1981). Not all
spruce-fir stands in a given national forest or ranger district were included in the sampling
universe. The unequal sampling probabilities associated with the first two stages of the
three-stage sampling process were only approximate. The selection of the plots within a
stand was only approximately random. Bias was also caused by many of the nonsampling
errors listed in Table 2, even though it was minimized using procedures discussed earlier in
the Accuracy and Precision Section.
Even though the bias caused by nonsampling errors can be minimized, it will almost
always be larger than the bias due to probability sampling and the use of invalid estimators
for most impact estimates. In any case, bias will always be present and the variance of the
estimator refers to precision and not accuracy.
COMMENTS
Even though entomologists are understandably interested in accuracy, they are almost
always dealing with precision. Insect density and impact estimates are biased due to (1) an
invalid estimator, (2) probability sampling, or (3) nonsampling errors. Bias due to non
sampling errors, such as incomplete coverage of the target population and sampling only
70-cm branch tips from the midcrown of balsam fir trees, is almost alway larger than the
other two types of bias. Even though nonsampling biases can be minimized by careful
planning and execution of the sampling process, such biases are always present.
It has been argued that if these biases occurred according to some random process, then
positive and negative biases would tend to cancel out over a sufficiently large sample.
However, many of these sources of bias are systematic in nature. The cumulative effect of
the various biases on an estimate is not always negligible. It is our belief that in most density
and impact studies the various biases do not cancel out and the net effect is a large bias.
Bias affects both the precision and accuracy of estimates in that bias is a component of
both the variance and mean square error.
Erroneously using the AE% as the accuracy percentage underestimates the true accuracy
of the estimate. Confusing accuracy with precision could lead to estimates less accurate than
desired, taking fewer observations in a sample than needed to obtain some desired accuracy,
and possibly making the wrong decision.
Even though precision is what they deal with, entomologists should think in terms of
accuracy. The allocation of resources between reducing sampling error and minimizing bias
should be made such that the difference between accuracy and precision is minimized in a
cost-effective approach. If estimates of the bias are available, the approximate mean square
error should be used. Final sample sizes should be larger than those determined by optimum
sample size procedures, if possible, to decrease the unknown accuracy percentage.
In choosing an estimator, it should be remembered that some biased estimators can be
more accurate than unbiased estimators, bias distorts probability statements, some biased
estimators may be more cost-effective than unbiased ones, and biased estimates may cause
incorrect management decisions.
If some of the biases associated with an estimator can be feasibly estimated from a
preliminary sample, more accurate adjusted estimators can be obtained. Thus, bias can be
reduced and the difference between accuracy and precision decreased. In any case, most
estimates will be biased, more or less, and the eritomologist should be aware ofthe resulting
difference between accuracy and precision.
Many insect density and impact estimates have high precision (small variances) but low
accuracy (large mean square errors) because of bias. Thus, the accuracy of estimates with
different biases cannot be compared by examining their variances. Inasmuch as it is cost
effective, bias should be minimized as much as is feasibly possible. However. whatever the
case, entomologists deal with precision and should attempt to minimize the difference be
tween precision and accuracy.
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Table 1. Definitions related to statistical estimation. a
POPULATION-the aggregate of items, elements, or units of interest in a well-defmed
group. The target population (the poPulation about which information is desired) should
coincide with the sampled population (the population to be sampled).
SA..\1PLE-a subset of the population obtained using some selection procedure.
SAMPLING UNIT-the population is divided into a finite number of distinct and identifiable
units called sampling units. Each sampling unit consists of one or more elements from the
population.
SAMPLING FRAME-a list of all of the sampling units in the popUlation. The sampling
frame provides the basis for the selection and identification of units in the sample.
POPULATION PARAMETER-a quantitative characteristic describing the population such
as the population mean J.L.
SAMPLE STATISTIC-a quantitative characteristic describing the sample which is used to
estimate an unknown population parameter. For example, the sample mean x is used to
estimate the population mean J.L.
VARIABLE-a characteristic of interest, represented by a symbol like X, that can take on
any value of a property or attribute observed on each element of a population. X usually
varies from element to element.
RANDOM VARIABLE-a variable, like X, whose value is determined by a random selec
tion procedure. Each sampling unit in the population has a certain probability of being
selected. X takes on a particular value, depending on which sampling unit is selected.
ESTIMATOR-a rule or formula that shows how to calculate a sample statistic for the
elements chosen in a given sample. For example.
n
2: x;ln

x=

i= 1
is an estimator for J.L.
ESTIMATE-the sample statistic or number calculated from the n sample observations
(values) taken from a population using a particular estimator. For example, the n = 4
observations Xl = 2, Xz 4, X3 3, and
1 taken in a simple random sample yield
the estimate X (2+4+3+ 1)/4 2.5.
EXPECTED VALUE-the expected value of an estimate is the mean of the estimates for all
possible samples that can be taken from the population. For example, the expected value
of the sample mean is represented by E(x).
UNBIASED ESTIMATOR-an estimator is unbiased if the mean or expected value of all
possible estimates is equal to the population parameter being estimated. For example,
E(x) = J.L. Estimates based on an unbiased estimator are called unbiased estimates.
BIAS-the difference between the expected value of the estimate and the true popUlation
parameter being estimated. The bias in estimating the popUlation mean J.L is B
E(x)
J.L. Bias is caused by (I) using an estimator that is not valid for a particular
situation, (2) using an estimator that is biased in probability sampling, or (3) non-sam
pling errors (errors arising in the course of collecting and processing the data). If x is an
unbiased estimator, B = O.
BIASED ESTIMATOR-an estimator is biased if the mean of all possible estimates is not
equal to the population parameter being estimated (e.g., E(x) = J.L + B). Estimates based
on biased estimators are called biased estimates.
VARIANCE OF A RANDOM VARIABLE X-a measure of the dispersion or spread of the
distribution of X from the mean or expected value of X. More exactly, the variance of X is
the average squared deviation from E(X) of all the values of X, namely, a" = Var(X) =
E(X
E(X)]2. If E(X) = J.L, cr = E(X-J.L)". For simple random sampling,

x..

n
S2=

2:(~-x)2/(n-l)

i=l
is an unbiased estimator of cr.
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Table I. (Continued)
VARIANCE OF AN ESTIMATOR-a measure of the dispersion or spread of the distribution
of all possible estimates from their mean or expected value. In estimation of the mean, the
variance of the estimator x is the average squared deviation from E(x) of all estimates x,
namely,

(Tx 2

Var (x)

=

=

E[x - E(x)J2.

If the estimator x yields unbiased estimates of f-L, E(x)
For simple random sampling,

= f-L

and (Tit2

=

E(x - f-L)2.

n

sx2

=

L( Xj-x)2/[n(n-l)],

i= I

the sample variance of the mean, is an unbiased estimator of O"X2.
MEAN SQUARE ERROR (MSE) OF AN ESTIMATOR-a measure of the dispersion or
spread of the distribution of all possible estimates from the population parameter being
estimated. In estimation of the mean, the MSE is the average squared deviation from f-L of
all estimates x where MSE(x) = E(x - f-L)2 = E[x - E(X))2 + [E(x) - f-LJ2 = Var(x) +
B2. Thus, the MSE is equal to the variance of the estimator plus the square of the bias. If
the estimator is unbiased, MSE is equal to the variance of the estimator. The MSE of a
biased estimator cannot usually be estimated from a sample because the bias usually is
unknown and cannot be estimated.
RELATIVE EFFICIENCY-the ratio of the MSE's or variances of two estimators, depending
on how efficiency is defined. For estimation of the mean, the relative efficiency of esti
mator x, compared to x2 is
e(xl'x 2 )

= MSE(x 2 )/MSE(x,)

or e(x"x 2 )

= Var(x,)!Var(x 2 ).

COEFFICIENT OF VARIATION (CV}-a relative measure of the variability of the random
variable X. It is the ratio of the standard deviation of X to the mean or expected value of X
times 100 to yield percentage values. The .standard deviation is the square root of the
variance. The popUlation CV = (\lVAR(X)/E(X))IOO is estimated by the sample
CV = (s/x) 100.
COEFFICIENT OF VARIATION OF THE MEAN (CVM}-a relative measure of the varia
bility of the sample mean X. It is the ratio of the standard error of x to the mean or
expected value of x times 100. The standard error of the mean is the square root of the
variance of the mean. The popUlation CVM = (\Iv AR(x)/E(x))100 is estimated by the
sample cvm = (sx/x) 100.
SAMPLING ERROR-the difference between the sample estimate, say, x, and the mean of
all possible estimates (E(x)) based on the same sample size and the same selection pro
cedure. Sampling error is almost always unknown, and its size depends on the particular
sample chosen, sample size, population variance, and particular sampling method used. If
the estimator is unbiased, we have the true sampling error which is the difference between
the estimate and the popUlation parameter being estimated due to chance alone (sampling
error = x - f-L), where E(x) = f-L. Sampling error is not an error in the true sense of the
word as it is due to the sample being based on only a portion of the population elements. If
the estimator is biased, we have the actual sampling error which is the difference between
the estimate and the mean of all possible estimates (sampling error = x - E(x)), where
E(x) = f-L + B.
NONSAMPLING ERRORS-those errors that arise in the course of collecting and process
ing the data to include observational or response errors, incomplete coverage errors,
compiling errors, and any number of other errors that can and usually do occur during the
sampling process. These errors may be equally as or more important than sampling errors.
It is desirable and possible to minimize such errors.
ERROR OF ESTIMATION-the deviation of the estimate from the popUlation parameter
being estimated. The true sampling error is equal to the error of estimation if the estimator
is unbiased. The actual sampling error plus the bias, which is the true sampling error, is
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Table l. (Continued)
equal to the error of estimation if the estimator is biased. In estimation of the mean, the
average size of the error of estimation (x - JL) is given by the variance and the mean
square error of the estimator for unbiased and biased estimators, respectively. The most
common measure used is the standard error, which is the square foot of the variance or
the mean square error.
ACCURACY-the accuracy of a sample estimate is the difference between the sample
estimate and the true population parameter being estimated.
PRECISION-the precision (reliability) of a sample estimate is the difference between the
sample estimate and the mean of the estimates of all possible samples that can be taken
from the population.
aMore detailed discussions of the above lenns and concepts can be found in Cochran (1977,
p. 12-16.359-3%), Hansen et aI. (1960, p. 16-26,34-39,56-1(9), Lindgren (1962, p. 266-291), Raj (1968,
p. 26-30,165-186), and Sukhatme and Sukhatme (1970, p. 10-17,28,444-484).

Table 2. Some nonsampling errors associated with insect density and impact estimates.
I. Modifications of the theoretical sampling procedure to include (al substitution of one
observation for another, (b) incomplete samples or nonresponse, (c) keeping plots away
from the forest edge, and (d) not using random selection procedures (e.g., sample se
lected with unknown probabilities, representative sample, and convenient sample).
2. Incomplete coverage of population of interest; the sampling population is only a subset of
the target population (e.g., sampling spruce-tir trees near roads rather than throughout a
forest region and sampling 70 cm branch tips at midcrown rather than whole branches
throughout a tree).
3. Decision on sample design based on preliminary sample results.
4. Use of sample estimates from other populations.
5. Selecting units nearest to randomly selected points.
6. Observation (response or measurement) errors, due to human mistakes or inaccurate
instruments, to include (a) insect-counting errors, (b) plot location and layout errors,
(cl missing trees in sample plots, (d) inaccurate counts of saplings, (e) inaccurate tree
diameter and height measurement, (f) calling live trees dead and vice-versa, (g) errors in
determining crown position, (h) errors in estimating tree defoliation, and (i) errors in
tree species identification.
7. Volume table errors.
8. Coding, notekeeping, editing, and keypunching errors.
9. Analysis and interpretation errors.
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THE ROLE OF TREE CLINICS IN URBAN FORESTRY
J. A. Witter and H. L. Morton I
ABSTRACT
A tree clinic analyzes tree problems and recommends appropriate actions to the pUblic.
The objective of tree clinics is to inform the citizen about urban trees. This paper is based on
the experiences of 30 tree clinics held in Ann Arbor during the last eight years. The ingredi
ents necessary for a successful tree clinic are discussed: (I) active sponsor, (2) suitable date
and time, (3) good location, (4) proper publicity, (5) diversified experts, (6) proper organi
zation, (7) sizable public turnout, and (8) foHow-up publicity and acknowledgments.

It is becoming increasingly important to inform and educate the public about the proper
care of urban trees. Methods commonly used by the city forester include newspaper articles,
extension bulletins, books, radio and TV spots, talk shows, meetings, films, and individual
contact with the public (Andreson and Jorgensen 1975, Tate 1976, Sandfort and Cone 1977,
Wray 1977). Handouts given to individuals or left in their mailboxes by city personnel
explaining a particular operation such as tree planting or trimming is another commonly used
education method. Some cities are now conducting or experimenting with various types of
tree clinics as another method of educating the public about proper urban tree care. The
objective of this paper is to describe the ingredients needed for a successful tree clinic
program. This paper is based on 30 tree clinics held in Ann Arbor during the last eight years.
A tree clinic is a meeting or program devoted to the analysis of and recommended treat
ment for tree problems encountered by the public. Most are advertised as "sick-tree clinics"
since citizens are urged to bring examples of tree problems (primarily insect and disease
damage) to the clinic for diagnosis and recommended treatement. Indoor and outdoor tree
clinics are held in Ann Arbor. Clinics inform the citizen about urban tree care through
(I) diagnosing tree problems, (2) providing handouts on common tree problems, (3) an
swering questions about general tree care, (4) referrals to local and state agencies that assist
citizens with tree care problems, and (5) presenting slides of urban tree problems. Tech
niques 1-4 and 2-5 were used in outdoor and indoor tree clinics, respectively.
The ingredients necessary for a successful tree clinic are (I) active sponsor, (2) suitable
date and time, (3) good location, (4) proper publicity, (5) diversified experts, (6) proper
organization during the actual clinic, (7) sizable public turnout, and (8) publicity and
acknowledgments following the clinic.
Sponsor. The tree clinics are jointly sponsored by the Ann Arbor Forestry Division and
the School of Natural Resources ofThe University of Michigan. The Ann Arbor city forester
organized the clinics and his staff provided technical assistance. The School of Natural
Resources generally supplied one to two resource specialists (i.e., entomologists, patholo
gists, urban foresters, landscape architects) for each clinic. A city forester is the most likely
person to sponsor such a clinic, but any qualified individual, group, or agency could do so.
Resource specialists from universities, state departments of agriCUlture or natural resources,
county or state extension service, or the United States Department of Agriculture may be
willing to provide expertise.
Date and Time. We often conduct one indoor tree clinic in April and normally hold one
outdoor tree clinic per month during May, June, and July. Clinics held prior to Mayor after

I School of Natural Resources, The University of Michigan. Ann Arbor. MI 48109.
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July do not capture public interest. The indoor clinics have been scheduled on weekday
evenings from 7:30 p.m. to 10;30 pm., while the outdoor clinics have been held from
10:00 a. m. to 2:00 p.m. on Saturdays. The best time for these clinics will vary depending on
the local situation.
Location. An ideal location for an indoor clinic is a meeting room in the city library, city
hall, city school, or nature center, where topics of general interest can be discussed and
slides shown. The location of outdoor clinics can be anywhere with suitable facilities. In
Ann Arbor, all outdoor clinics are conducted in city parks with shelters. This provides a
central location shelter from the elements, and a place for demonstrations. Each of the three
outdoor clinics given in a single year is conducted in a different park so as to place the locale
close to many citizens and thereby encourage good attendance. We have generally operated
our clinics as separate activities. However, tree clinics could be held in conjunction with
other major activities, such as a sesquicentennial celebration.
Publicity. Proper publicity is essential for a tree clinic to be a success. Tate (1976) dis
cussed the most effective ways of disseminating information on urban forestry to the citizen.
Newspapers, radio and TV announcements, and telephone contacts are used to inform the
public about tree clinics. We have relied on timely placed news stories and features on some
aspect of the clinic as our primary publicity source. Our standard format is a short article or
announcement in the newspaper on the Monday before our Saturday tree clinic. This is
followed by a larger article or photograph related to the clinic which appears in the news
paper on Thursday or Friday. We recommend a follow-up announcement in the newpaper
several days before the tree clinic. Additionally, radio spots and video tapes can be prepared
and supplied to your local stations.
Professional help. It is essential to have qualified resource professionals participate in the
tree clinics. Most samples from "sick trees" (e.g., foliage and branch damage) brought to
the clinics involved insect and disease problems. Therefore, specialists in these two. areas
are critical to. the clinics' success. A minimum of fo.ur resource specialists is necessary fo.r
the outdo.or clinics. One entomo.logist, one pathologist, the city forester, and the assistant
city forester Dr another expert on arboriculture has been an effective team fo.r us. The city
forester can often respond to specific problems homeowners have for the city tree in front of
their property. This short-circuits other inquiries to the city and has favorable face-to-face
public relations impact. Tree clinics also. introduce graduate students or college seniors to
practical problems in urban forestry. We strongly reco.mmend involving one or two students
at the tree clinics.
Organization and format. We conduct o.ne indo.or clinic each year during April or early
May, which serves as a kick-off. It is advertised as an educational and preventive main
tenance clinic. The indoor clinic is tightly structured and resembles a seminar or workshop.
The program generally consists offive IS-minute presentations fo.llowed by 10-20 minutes o.f
questions after each speaker. The following topics are covered: (I) introductio.n and
services available within the city and country; (2) tree care including planting, watering,
fertilizing, trimming, etc.; (3) tree species reco.mmended for planting, including types of
questions to ask when determining what tree(s) to. plant; and (4) common insect and disease
problems and their contro.L Displays of common insects and diseases are sometimes pre
pared and available for study by the citizens before and after the indoor clinic. Handouts on
a few of the major tree problems discussed during the clinic also are recommended.
For outdoor clinics, signs indicating the exact location within the city park must be visible
and in place beforehand. Picnic tables serve as good working areas. Trash receptacles are
needed to discard the' 'sick-tree specimens," although many citizens enjoy seeing samples
of the day's "real-world" problems.
The city forester normally greets the citizens and talks informally about the services
provided by the forestry department; then introduces the citizens to the resource specialist.
The specialist identifies the problem o.n the "sick tree" and recommends a course of action.
Examples of recommendations are to do nothing; prune, water and fertilize the tree; tree
removal; and use an herbicide, insecticide, or fungicide. A short handout o.n each of the
most common insect and disease problems is helpful because the professional do.es not have
to write out instructio.ns for the most common problems (e.g., scale insects and apple scab).
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Tree prescription pads are made available at the clinic for the use of the resource spe
cialist. The specialist writes down the name of the insect or disease problem along with
additional information such as why chemical control is not necessary or the name and exact
time to use a specific pesticide. Many of the tree problems brought to the clinic do not
require chemical control. For example, silver maple leaves damaged by the maple bladder
gall mite is one of the most common problems. Most citizens welcome our advice to "do
nothing" once we explain the cause of these "little bumps" and that they do not cause
significant damage.
Public turnout. Attendance averages about 25 persons for the indoor clinic in April and
approximately 150 persons (ranging from 35-250) for each outdoor clinic.
Follow-up advertisements and acknowledgments. It is essential to follow-up the indoor
clinic and the first outdoor clinic with a story in the newspaper. A newspaper picture
showing the clinic in operation, with a resource specialist identifying a common tree prob
lem, is the type of publicity that gives continuity to the program and reminds citizens that
another .. sick-tree clinic" will be held in four weeks.
Acknowledgment of the role of the resource specialists in making the tree clinics a success
is appropriate at the end of each summer's program. A letter to their supervisor and a
resolution by the city council showing appreciation for their work are examples of proper
acknowledgment of the resource specialists.
SUMMARY
There are many ways of communicating with the public about proper urban tree care, but
providing good information at the proper time with effective publicity is not an easy task.
The City of Ann Arbor has had outstanding success with its tree clinics. We recommend that
pest management specialists and city foresters consider the tree clinic as an additional
method of providing urban tree care information to its citizens.
LITERATURE CITED
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145.
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A DIRECTORY OF POLICIES ON ARTHROPOD
COLLECTING ON PUBLIC LANDS
Gary A. Dunn 1
There are many local, state, and federal agencies with responsibilities for managing public
lands. The availability of these lands for entomological research and collecting is determined
in great part by the specific governmental charges for the management and use of the area;
for example: preservation, recreation, or multiple-use resource management. This varia
bility has made it difficult for entomologists to be aware of the many rules and regulations
imposed on the use of public land, especially in regard to collecting specimens. The purpose
ofthis directory is to serve as a guide to the policies and regulations on arthropod collecting
and research on public lands. When these regulations require written permission or a permit,
the procedure for applying for such permission is described.
GUIDELINES FOR REQUESTING PERMISSION TO COLLECT
Courtesy is the foundation for obtaining permission to collect. Those collectors who take
time to approach the landowner or manager and explain thier plans prior to commencing
collecting activities will seldom have difficulty in obtaining permission. Take the time to
explain the purpose of the collecting, the techniques and equipment involved, and the final
disposition of the specimens. It also helps to assure the landowner that you have good
"collecting manners"; you collect in the least disruptive manner possible. Do not damage or
remove any vegetation unless you have obtained specific permission to do so; return logs,
bark, and stones to their original position after collecting for insects; take as few specimens
as possible; do not litter; and perform any disruptive forms of collecting away from roads,
trails, and developed areas. Also, when collecting in public parks by special permission,
exercise discretion in your activities.
Requests for permission to collect, or for permits. should be sent to the appropriate
agency at least 30 days in advance. Most agencies are not able to evaluate and respond to
proposals in shorter peliods of time. In almost all cases, a letter requesting permission to
collect on public or private land should contain the following information:
1. Name and address of applicant.
2. Title and institutional or organizational affiliation.
3. The purpose and objectives of the proposed study.
4. The specific locality for the proposed collecting. Give the name of the park or forest,
and in the case of large properties indicate the specific section involved, using a sketch
map if necessary.
5. The name of the species to be collected; give both common and scientific names.
6. The number of each speeies to be collected.
7. Date(s) of proposed collecting.
8. A brief overview of the collecting methods to be used. HINT: if possible, provide
information which demonstrates that the proposed study will not cause needless disrup
tion or destruction of the environment; will not interfere with the normal operation of
the facility or with the enjoyment of the area by other visitors; and that the collecting
will be carried out in as discrete and judicious manner as possible. In addition, most
public agencies need to know if the proposed study has valid scientific or educational
merit; whether there will be any tangible public benefit (publications, museum speci-

I Department of Entomology. Michigan State University, East Lansing, MI 48824.
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mens, or data to aid in resource management); and why the specimens cannot be
reasonably obtained from areas outside of the park or forest.
9. The names of any assistants or other participants.
10. Permits you hold which are a pre-requisite to the proposed collecting activity; state the
type and number of the permit(s).
11. When copies of any collecting reports or publications will be received.
These guidelines for requesting permission to collect will satisfy the general requirements
of most governmental agencies. However, the conditions and regulations vary from agency
to agency, and state to state. Specific instructions are listed in the policy statements.
Some agencies do not require written permission in order to collect on public land in their
custody. It is always a good idea to pay the unit manager a courtesy call prior to commenc
ing collecting activities. In some instances, discrete collecting by hand or with hand nets
may be exempted from this policy. However, a courtesy call becomes a necessity when the
collecting will involve trapping or destructive sampling. Most unit managers react favorably
to being informed of your activities, and they are frequently willing to give information on
local road conditions, undisturbed habitats, suitable collecting sites, timber harvesting, and
other resource management activities and the like.
TRANSPORT OF SPECIMENS
Transport of dead insects for scientific study poses no problem. However, shipment of
live insects may be subject to state and federal regulations. Collectors planning to transport
live specimens should contact the appropriate state regulatory agency and the USDA
Animal and Plant Health Inspection Service. Details can be obtained from the Director,
Programs Development and Application, Plant Protection and Quarantine Programs,
APHIS, USDA, Federal Building, Hyattsville, MD 20782, or the nearest USDA Plant Pro
tection and Quarantine field office.
SPECIAL NOTES
Every attempt has been made to get the most accurate, up-to-date rules and regulations
about collecting. However, policies are subject to change. Some states, for instance, cur
rently have no official policy about arthropod collecting, but anticipate the need to initiate
such a policy. If you have any questions on collecting policies, contact the agency directly.
The procedures outlined in this directory do not apply to state or federally listed rare,
threatened, and endangered species. Collection of listed arthropods requires a special pelmit
from the state or federal wildlife services.
U.S. FOREST SERVICE
The U;S. Forest Service is responsible for the administration of 154 National Forests,
including 122 primitive and wilderness areas, totalling 184 million acres, and 19 National
Grasslands totalling 3.8 million acres. No written permission is required to collect arthro
pods in National Forests and National Grasslands. However, collectors are urged to check
with the field supervisor concerned to find out about any local road closures or other
restrictions that may be in effect.
The average National Forest is a patchwork of federal, state, and private land. The center
of the forest is usually federal land, although occasionally spotted with small private hold
ings. As you move towards the edge of the forest, the amount of private land generally
increases. State forests and state parks, as well as National Parks and Monuments, may
often qe encompassed by National Forest land. The boundaries are not always clearly
marked. Assistance and guidance can be obtained from the staff at Forest headquarters or
the nearest Ranger District office.
There are 122 primitive and wilderness areas in the National Forest system. No motorized
vehicles are allowed in these areas, so you must enter on foot or horseback. The demand for
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access to these areas has increased dramatically in recent times and this has lead to a system
of rationing the use of these areas. Only a predetermined number of hikers or campers are
allowed to enter the area each day. Free permits are issued on a first-come-first-serve basis
up to 30 days in advance. Write to the headquarters of the appropriate National Forest for
information or a permit.
Information on the programs and facilities of the National Forests can be obtained from
any National Forest headquarters, Regional headquarters, or the U.S. Forest Service head
quarters in Washington, D.C.
U.S. Forest Service headquarters:
Forest Service Information Office, USDA, P.O. Box 2417, Washington, D.C. 20013.
Regional headquarters:
Northern Region. U.S.F.S., Federal Bldg., Missoula, MT 59807.
Rocky Mountain Region, U.S.F.S., 11177 W. 8th Ave., P.O. Box 25127, Lakewood, CO
80225.
Southwestern Region, U.S.F.S., 517 Gold Ave. SW, Albuquerque, NM 87102.
Intermountain Region, U.S.F.S., 324 25th St., Ogden, UT 84401.
Pacific Southwest Region, U.S.F.S., 630 Sansome St., San Francisco, CA 94111.
Pacific Northwest Region, U.S.F.S., 319 SW Pine St.. P.O. Box 3623, Portland, OR
97208.
Southern Region, U.S.F.S., 1720 Peachtree Road NW, Atlanta, GA 30309.
Eastern Region, U.S.F.S., 633 W. Wisconsin Ave., Milwaukee, WI 53203.
Alaska Region, U.S.F.S., Federal Office Bldg., P.O. Box 1628, Juneau, AK 99802.
There are 296 million acres of privately-owned forest land and 67 million acres of industry
owned land in the U niled States. Most, if not all. of this land could be utilized by research
entomologists and collectors if the proper contacts are made ahead of time.

ARMY CORPS OF ENGINEERS
The Army Corps of Engineers has no policy to regulate or prohibit the collection of
arthropods. Therefore, no permission is required to collect on Corps of Engineers recre
ational or project lands if the land is operated and owned by the Corps. It is suggested that
the project supervisor be informed of your planned activities when you arrive at the site.
Some Corps of Engineers land and projects are operated but not owned by the Corps. In
these cases, the lands have reverted back to state or other governmental agency ownership,
and the policies, if any, of these agencies are in effect.

BUREAU OF INDIAN AFFAIRS
No written permission is required to collect on Bureau of Indian i\ffairs administered
lands. Collectors should contact the tribal government of the respective reservation on
which the collecting is planned. Collectors must, of course, abide by all existing state and
federal rules and regulations. For addresses or additional information, contact the Public
Information Staff, Bureau of Indian Affairs, U.S. Dept. of the Interior, Washington, DC
20240, or any of the following offices:
1I5 4th Ave. SE, Aberdeen, SD 57401.
5301 Central Ave. NE, Albuquerque, NM 87108.
P.O. Box 368, Anadarko, OK 73005.
Federal Building, Muskogee, OK 74401.
316 North 26th St., Billings, MT 59101.
Box 3-8000, Juneau, AK 99802.
831 2nd Ave., Minneapolis, MN 55402.
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Navajo Area Office, Window Rock, AZ 86515.
124 West Thomas Rd., Phoenix, AZ 85011.
1425 NE Irving St., Portland, OR 97208.
2800 Cottage Way, Sacramento, CA 95825.
Eastern Area Office, 1951 Constitution Ave. NW, Washington, DC 20245.
BUREAU OF LAND MANAGEMENT
No written permission is required to collect on Bureau of Land Management (BLM) land.
The BLM recreation regulations (43 CFR 8363.2-1) permit the collection of "reasonable
quantities" of flowers, berries, nuts, seeds, cones, leaves, and similar renewable resources
for private, non-commercial, or hobby uses. Collectors must abide ·by any existing state
regulations. Maps of BLM administered lands and information on local restrictions can be
obtained from the regional offices listed below:
BLM, Alaska Office, 701 CSt., Box 13, Anchorage, AK 99573.
BLM, Arizona Office, 2400 Valley Bank Center, Phoenix, AZ 85073.
BLM, California Office, Federal Bldg., Rm. E-2841, 2800 Cottage Way, Sacramento, CA
95825.
BLM, Colorado Office, Colorado State Bank Bldg., 1600 Broadway, Denver, CO 80202.
BLM, Idaho Office, Federal Bldg., Rm, 398, 550 W, Fort St., P.O. Box 042, Boise, ID
83724.
BLM, Regional Office, 222 N. 32nd St., P.O. Box 30157, Billings, MT 59107 (Montana,
North Dakota, South Dakota).
BLM, Nevada Office, Federal Bldg" Rm, 3008, 300 Booth St., Reno, NV 89509.
BLM, Regional Office, P,O. Box 1449, Santa Fe, NM 87501 (New Mexico, Texas,
Oklahoma),
BLM, Regional Office, 729 NE Oregon St., P,O, Box 2965, Portland, OR 97208 (Oregon.
Washington),
BLM, Utah Office, Univ. Club Bldg., 136 E. South Temple. Salt Lake City. UT 84111.
BLM, Regional Office, 2515 Warren Ave., P.O. Box 1828, Cheyenne, WY 8200)
(Wyoming, Kansas, Nebraska).
BLM, Eastern States Office, 350 S. Pickett St., Alexandria, VA 22304.
U.S. FISH AND WILDLIFE SERVICE
The U.S. Fish and Wildlife Service is responsible forthe administration of the nation's 398
National Wildlife Refuges, totaling 34 million acres. Permission is required to collect plants
and animals, including arthropods, on National Wildlife Refuge land. Collection on refuge
land for private, non-commercial purposes is permitted if the collecting meets the following
conditions:
(l) collecting is compatible with the programs for which the refuge was established;

(2) collecting is biologically sound;
(3) collecting is done in accordance with all federal, state and refuge rules and regulations;
and
(4) collecting is for scientific or educational purposes, or produces specimens which are
available for public exhibition. The objective of this Fish and Wildlife Service policy is
to assist the completion of worthwhile research projects or investigations; further
knowledge and appreciation for natural resources; avoid waste of natural resources;
and insure that collecting activities are justified and to document the utilization of the
resources.
Send two copies of your proposed collecting plans to the appropriate area manager. The
area manager may retain the authority to issue permission. Area managers review all re
quests and approve or disapprove, or make recommendations to the regional manager. The
refuge manager reviews the plans and makes recommendations to the area manager after
determining that the request will comply with all rules and regulations. Requests for permis
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sion to undertake discrete collecting may be handled by the refuge manager, and, in rare
instances, on-site permission may be granted. Information on the programs and facilities of
the Fish and Wildlife Service can be obtained from the Assistant Director-Public Affairs,
U.S. Fish and Wildlife Service, Department of the Interior, Washington, DC 20240.
Regional and Area Offices: Fish & Wildlife Service, Region I
Lloyd 500 Bldg., Ste. 1692, 500 N.E. Multnomah St., Portland, OR 97232.
2800 Cottage Way, Rm. E-2740, Sacramento, CA 95825 (California, Nevada Area).
4620 Overland Rd .. Rm. 238, Biose, ID 83705 (Idaho, Oregon Area).
2625 Parkmont Lane, Olympia, WA 98501 (Washington Area).
Box 50167, Honolulu, HI 96850 (Pacific Islands Area).
Fish & Wildlife Service, Region II
Box 1306, Albuquerque, NM 87\03.
2953 W. Indian School Rd., Phoenix, AZ 85\07 (Arizona, New Mexico Area).
Federal Bldg., Rm. G-121, 300 E. 8th St., Austin, TX 78701 (Oklahoma, Texas Area)
Fish and Wildlife Service, Region III
Federal Bldg., Fort Snelling, Twin Cities, MN 5511 L
Manley Miles Bldg., 1405 S. Harrison Rd., East Lansing, MI 48823 (Indiana, Michigan,
Ohio Area).
530 Federal Bldg., 316 N. Robert St., St. Paul, MN 55 \0 I (Illinois, Minnesota, Wisconsin
Area).
Fish & Wildlife Service, Region IV
R. B. Russell Federal Bldg., 75 Spring St., Atlanta, GA 30303.
200 E. Pascagoula St., Ste. 300, Jackson, MS 39201 (Alabama, Arkansas, Louisiana,
Mississippi Area).
Rm. 279 Federal Bldg., Asheville, NC 28801 (Kentucky, South Carolina, North Carolina,
Tennessee Area).
15 N. Laura St., Jacksonville, FL 32202 (Florida, Georgia, Puerto Rico Area).
Fish & Wildlife Service, Region V
One Gateway Center, Ste. 700, Newton Comer, MA 02158.
1825 Virginia St., Annapolis, MD 21401 (Delaware, Maryland, Virginia Area).
Box 1518, Concord, NH 03301 (Connecticut, Maine, Vermont, Mass., N.H., Rhode
Island Area).
Fish & Wildlife Service, Region VI
Box 25486, Denver Federal Center, Denver, CO 80225.
Rm. 3035 Federal Bldg., 316 N. 26th St., Billings, MT 59 \0 1 (Montana, Wyoming
Area).
Box 1897, 1500 Capitol Ave., Bismarck, ND 58501 (North Dakota Area).
2701 Rockcreek Parkway, Ste. 206, N. Kansas City, MO 64116 (Iowa, Kansas, Missouri
Area)
227 Federal Bldg., Box 250, Pierre, SD 57501 (Nebraska, South Dakota Area).
Rm. 1246 Federal Bldg., 125 S. State St., Salt Lake City, UT 84138 (Colorado, Utah
Area).
1001 E. Tudor Rd., Anchorage, AK 99503 (Alaska Area Office).
NATIONAL PARK SERVICE
The National Park Service administers more than 300 units of public land. National Parks
and Monuments were established to protect and perpetuate natural ecosystems and en
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vironments for scenic, aesthetic, and appropriate recreational and scientific uses. Scientists
are encouraged to use parks as outdoor laboratories for studies that will contribute to
mankind's knowledge and understanding of park resources and environment, provided such
studies do not interfere with other public uses of areas, and do not have a lasting or
significant impact on park resources.
The regulations governing scientific collection in National Parks and Monuments are set
forth in Section 2.25, Title 36, Code of Federal Regulations. Section 2.25 is the basis for all
park regulations, and it states:
Unless specifically permited by other regulations in this part or in special regulations,
the collection of plants, rocks, minerals, animal life or other objects is permitted only in
accordance with written permits obtained in advance from the (Park) Superintendent.
(a) No permits will be issued to individuals or associations to collect specimens for
personal use, but only to persons officially representing reputable scientific or educational
institutions in procuring specimens for research group study or museum display.
(b) Permits will be issued only on the condition that the specimens will become part ofa
permanent public museum or herbarium collection, or will in some suitable way be made
available to the public.
(c) No permits may be granted for the collection of specimens, the removal of which
would disturb the remaining natural features or mar their appearance.
(d) Permits to secure rare natural objects will be granted by the Director only upon
proof of special need for scientific use and of the fact that such objects cannot be secured
elsewhere.
An Application for Permission to Collect Specimens of Plants, Rocks, Minerals and
Animals can be obtained from any Regional National Park Service office or National Park
office. The completed application and a written description of the proposed research should
be sent to the Park Superintendent of the park where the project will be carried out. The
written description is the primary basis for evaluation and issuance of permits.
Permits must be obtained prior to the collecting date. Therefore, it is necessary to allow
no less than 14 days; 30 days is better for review, processing, and mailing. Permits cannot be
obtained by telephone; a written request is required.
Permits may stipulate any or all of the following conditions:
I. Collections will be used for scientific or educational purposes only, will be dedicated
to public benefit and will not be for personal use or commercial profit.
2. All collecting will be done away from roads, trails and developed areas, unless such
areas are designated on the permit. Collecting will be conducted in such a manner as not to
attract attention or to cause damage to the environment. Because of the scarcity or im
portance of some species, National Park Service officials may designate the kind, number,
and size of specimens which may be collected, and any other restrictions necessary for the
preservation of the area (NOTE: rare, threatened or endangered species can only be taken
after receiving permission from the regional NPS director.)
3. The National Park Service reserves the right, in the interest of science, to designate the
depository of all specimens removed from a National Park or Monument, and to approve or
restrict the transfer of specimens between depositories. The National Park Service also
reserves the right to designate the U.S. National Museum as the depository of any type
specimen removed from a National Park or Monument, after the collector has made neces
sary studies and published the results thereon. Otherwise, the specimens must be deposited
in a permanent public museum or in the exhibit, study or type collections of scientific or
educational institutions. They must be suitably recorded in a permanent ftle and must be
available to the public.
4. Progress reports and final reports on the collecting are required, and when appropriate,
a copy of all scientific and other publications resulting entirely or in part from collections
activities resulting from the issuance of a permit will be furnished to the Superintendent of
the issuing park (or other specified individual of the National Park Service).
S. Permits are non-transferable and only for those names listed on the permit. Additional
names for the permit or renewals must be submitted in writing.
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In evaluating a permit application, the National Park Service explores the following con
siderations:
I. Why can the proposed study be only done, or best be done, in the National Park or
Monument.
2. What benefit(s) the National Park Service will receive, such as publications, or po
tential benefits of the proposed research to the understanding and knowledge of the National
Park or Monument.
3. Has similar collecting or have similar studies been done, and are similar collections
already available to the scientific community. (NOTE: Park Superintendents, or Park Re
search Directors, are responsible for keeping records and correspondence dealing with
collecting permits.)

One additional note. Backcountry use permits are now required in some 40 National Parks
in order to regulate backcountry usage. Reservations and permit are free. Information can
be obtained by writing to Backcountry Information at the park you plan to visit.
Information on programs and facilities of the National Park Service can be obtained by
writing to the appropriate Park Superintendent, the nearest NPS regional office, or the
national headquarters.
National Park Service headquarters:
NPS Office of Public Affairs, Dept. of the Interior, Washington, DC 20240.
NPS Regional Offices:
NPS, North Atlantic Region, 15 State St., Boston, MA 02109.
NPS, Mid-Atlantic Region, 143 S. Third St., Philadelphia, PA 19106.
NPS, Southeast Region, 75 Spring St., Atlanta, GA 30303.
NPS, Midwest Region, 1709 Jackson St., Omaha, NE 68102.
NPS, Rocky Mountain Region, P.O. Box 25287, Denver, CO 80225.
NPS, Southwest Region, Box 728, Santa Fe, NM 87501.
NPS, Western Region, 450 Golden Gate Ave., San Francisco, CA 94102.
NPS, Pacific Northwest Region, 601 4th and Pike Bldg., Seattle, WA 98101.
NPS, National Capitol Region, lloo Ohio Dr. SW, Washington, DC 20242.

TENNESSEE VALLEY AUTHORITY
The Tennessee Valley Authority (TVA), Office of Natural Resources, Division of Land
and Forest Resources, is responsible for administering 350,000 acres, including 11,000 miles
of reservoir shoreline and a 170,000 acre recreation area known as Land Between the Lakes.
The lands under the custody and the care of TV A are generally open to the public for a
variety of recreational pursuits. While the TV A has no specific policy to regulate or prohibit
the collection of arthropods, such activity would be permitted without special permission,
provided such activity conforms with all state and federal regulations.
For additional information, write to the Tennessee Valley Authority, Division of Land and
Forest Resources, Forestry Building, Norris, TN 37828, or the Information Office, Tennes
see Valley Authority, Knoxville, TN 37902.
STATE GOVERNMENTS
ALABAMA
State Parks. Permission is required. Send requests for permission to the Alabama Parks
Division, 64 North Union Street, Montgomery, AL 36130, or the appropriate park manager.
Permission is granted on a case-by-case basis, and those projects which exhibit a minimal
disruption to the environment and minimal interference with park operation and enjoyment
of the park by other visitors, stand the best chance of gaining approval.

130

THE GREAT LAKES ENTOMOLOGIST

Vol. 15, No.2

State Forests. No written permission is required. Advise the District Field Supervisor of
your planned activities. Permission to camp on State Forest land (primitive facilities only)
can be obtained from the District office.
Alabama District Forest offices:
District I (Calhoun, Cherokee, DeKalb, Etowah, Jackson, Madison, and Marshall counties)
528 Courthouse, Huntsville, AL 35801.
District 2 (Blount, Cullman, Jefferson, St. Clair, Shelby, Walker and Winston counties) 1225
Forestdale Blvd., Birmingham, AL 35214.
District 3 (Fayette, Greene, Hale, Lamar, Pickens, Sumter, and Tuscaloosa counties) Box
2323, Tuscaloosa, AL 35403.
District 4 (Chambers, Clay, Cleburne, Coosa, Randolph, Talladega, and Tallapoosa coun
ties) Route 2, Box 100, Henderson Drive, Dadeville, AL 36853.
District 5 (Autauga, Bibb, Chilton, Dallas, Marengo, Perry and Wilcox counties) Box 351,
Selma, AL 36701.
District 6 (Barbour, Coffee, Dale, Geneva, Henry, Houston, and Pike counties) Box 61,
Ozark, AL 36360.
District 7 (Butler, Conecuh, Covington, Crenshaw, Escambia, and Monroe counties) Box
178, Brewton, AL 36426.
District 8 (Baldwin, Choctaw, Clarke, Mobile, and Washington counties) Box 998. Bay
Minette, AL 36507.
District 9 (Colbert, Franklin, Lauderdale, Lawrence, Limestone, Marion. and Morgan
counties) Helton Plaza, Florence, AL 35630.
District 10 (Bullock, Elmore, Lee, Lowndes, Macon, Montgomery, and Russell counties)
402 East South Blvd., Montgomery, AL 36105.
ALASKA
State Parks. A permit is required to collect on state park land. Send requests to the
Director, Alaska Division of Parks, 619 Warehouse Ave., No. 120, Anchorage. AK 99501.
Letters of application must contain the following information: (I) type of arthropods to be
collected, (2) reasons for removal or disturbance, (3) duration of activities, and (4) number
of specimens to be removed from the park. Requests are only accepted from students with
letter of support from faculty advisor, entomology faculty, or other professional entomolo
gist. There are no application fees involved and renewals are handled in the same manner as
initial requests.
State Forests. Permission required. Send requests for permission to the Director. Alaska
Division of Forest Management, 323 East 4th Street, Anchorage, AK 99501, or contact the
local forest supervisor.
ARIZONA
State Parks. Collecting specimens for scientific study is allowed under special permit from
the appropriate park manager. Send requests for permission directly to the park manager.
For additional information, contact the Director, Arizona State Parks, 1688 West Adams.
Phoenix, AZ 85007.
State Forests. State-owned forest land and some private parcels are managed by the
Forestry Division of the Arizona Land Department. The Forestry Division acts as a trustee
on behalf of the landowner to manage the land and produce a profit. A special Land-Use
Permit for Data Collecting is needed to collect on these lands. The fee is $75.00 (plus a per
acre surcharge). Send requests to Urban-Commercial Division, Arizona Land Department.
1624 West Adams, Phoenix, AZ 86007.
ARKANSAS
State Parks. Written permission is required to remove any "organic materials" from
Arkansas State Parks. Send requests for permission to the Director, Arkansas Department
of Parks and Recreation, Capitol Mall, Little Rock, AR 72201.
State Forests. No written permission is required to collect on State Forest land. A courtesy
call to the State Forest Entomologist or the appropriate Forest Manager is suggested.
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CALIFORNIA
State Parks. A scientific collectors permit is required. An application for this permit (DPR
65A) can be obtained from the Park and Recreation Specialist, California Department of
Parks and Recreation, P.O. Box 2390, Sacramento, CA 9581 L
The following criteria are used in evaluating applications: (I) tangible public benefit;
(2) amount of information produced that will aid DPR staff in protecting, perpetuating,
managing or interpreting natural systems within one or more of the state parks; (3) permitee
must demonstrate why specimens cannot be reasonably obtained from lands outside of the
park system, or why there is a specific need for specimens collected from state lands to fulfill
special needs of the research program; and (4) investigator must be a qualified participant in
a research program in which the specimens collected are an integral part of the study.
State Forests. No permits are required to collect on state forest land. A courtesy call to the
local forest supervisor is suggested. Several million acres of industry-owned forest land are
available to entomologists if the proper contacts are made ahead of time.
COLORADO
State Parks and Recreation Areas. Letters of authorization to collect are issued by the
Director, Colorado Division of Parks and Recreation, 1313 Sherman St., Denver, CO 80203.
Submit a letter of intent with an explanation of the collecting plans. Requests from students
with letter of support from advisor, college faculty, or professional entomologists are most
likely to receive approval.
State Forests. No written permission is required to collect in Colorado State Forests. A
courtesy call to the resident forester is suggested. For additional information contact the
Colorado State Forest Service, Colorado State University, Fort Collins, CO 80523. (NOTE:
the Colorado Forest Service is in charge of the Owl Canyon Pinyon Grove Natural Area.)
CONNECTICUT
State Parks. Entomologists wishing to conduct studies involving more than discrete hand
collecting should submit a written request, at least 30 days in advance, to the Deputy
Commissioner, Department of Environmental Protection, 165 Capital Ave., Hartford, CT
06115. Requests for studies involving intensive collection of any plant or animal, or studies
which cause disturbances to other park visitors, are not likely to gain approval. Letters
requesting permission should include a summary on the nature of the study and the name of
the specific geographic area of interest.
State Forests. Follow the procedures outlined for state parks.
DELAWARE
State Parks. No special permission is required. Intensive or disruptive collecting is dis
couraged, and a collector should probably seek permission for these types of collecting
activities. Information can be obtained from the Delaware Department of Natural Resources
and Envirorunental Control, Division of Parks and Recreation, P.O. Box 1401, Dover, DE
1990 l.
State Forests. Permission required. Submit an outline of the proposed study to the Dela
ware State Forester, Department of Agriculture, Drawer D, Dover, DE 19901. The state
office will notify the appropriate forest supervisor about your collecting if the plan is ap
proved.
DISTRICT OF COLUMBIA
Pa.-ks. No formal policy has been adopted and discrete collecting would be acceptable.
For additional information, contact the Director, Recreation Department, Government of
the District of Columbia, 3149 Sixteenth Street NW, Washington, DC 20010.
FLORIDA
State Parks. Permits required. Contact the Florida Department of Natural Resources,
Division of Recreation and Parks, 3900 Commonwealth Blvd., Tallahassee, FL 32303. It is
the intention of the Florida Department of Natural Resources to further scientific research
within the areas administered by it, and to cooperate fully with technical workers to the
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fullest extent compatible with its charges to preserve all species of flora and fauna and all
geological material in a natural state, insofar as is possible, Therefore, the following mini
mum conditions are placed on all collecting permits:
L Collections shall be used for scientific and educational purposes only, shall be dedi
cated to public benefit, and shall not be used for commercial purposes.
2. All collecting must be done away from roads, trails and developed areas, unless such
areas are specified on the permit. Collecting shall be conducted in such a manner as not to
atttact attention or to cause damage to the environment.
3. The permittee shall contact the park superintendent upon entering the park so that the
superintendent will be aware of the permittee's presence, render assistance, and designate
areas for collecting.
4. Permittee will be required to pay regular park entrance fees.
5. When specified, a report on the specimens and numbers taken is to be submitted to the
chief naturalists of the Division of Recreation and Parks.
State Forests. Permits required. Contact the Chief of Forest Management, Florida Di
vision of Forestry, Collins Bldg., Tallahassee, FL 32301. Permits are granted for bona fide
research or academic purposes only.
GEORGIA
State Parks. Permission required. A written request should be submitted to the Chief
Interpretive Naturalist, Georgia Department of Natural Resources, Recreation and His
torical Sites Division, Room 707-H, 270 Washington SW, Atlanta, GA 30334. Letters should
supply the following information: (I) full name and address of collector, (2) name of species
to be collected, and number of each to be collected, (3) specific location(s) for collecting,
and (4) background information on the research study.
State Forests. Permission to collect in Dixon Memorial State Forest can be obtained by
contacting the Director, Georgia Forestry Commission, P.O. Box 819, Macon, GA 31298, or
contact Dixon Memorial State Forest, Route 6, Box 169, Waycross, GA 31501.
HAWAII
State Parks. Permission to collect must be obtained from the Board of Land and Natural
Resources. Send requests, at least 45 days in advance, to the State Parks Administrator,
P.O. Box 621, Honolulu, HI 96809. Requests for projects which demonstrate minimal dis
ruption to environment and park operation have the best chance of gaining approval.
State Forests. Permission to collect must be obtained from the Board of Land and Natural
Resources. Send requests, at least 45 days in advance, to the State Forester, Hawaii Di
vision of Forestry, 1151 Punchbowl Street, Honolulu, HI 96813.
lDAIIO
State Parks. The Department of Parks and Recreation only requests that collectors keep
department personnel informed of any collecting. Discrete collecting is acceptable, and
permission to collect can be obtained from the appropriate park manager, in advance or
upon arrival. For additional information contact the Idaho Department of Parks and Recre
ation, StatehouseMail,2177WarmSprings, Boise, ID 83720.
State Forests. No written permission is required to collect on state commercial-forest land.
A courtesy call to the unit manager is sufficient. For additional information, contact the
Forest Ento!1lologist, Idaho Department of Lands, Coeur D'Alene, ID 83814.
ILLINOIS
State Parks. Permit required. Collecting permits are issued on an annual basis, unless
otherwise modified, suspended, or revoked by the Department of Conservation. Applica
tions for collecting permits can be obtained from the Illinois Department of Conservation,
Division of Land and Historic Sites, 605 State Office Bldg., Springfield, IL 62706. Permits
are issued under the following stipulations:
J. Holder of permit must submit an annual report with information on (a) names of
facilities and dates visited; (b) number of specimens and species collected by date and
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location; (c) disposition of specimens; and (d) types, dates, and locations of any disturb
ances made on state lands.
2. Permittee must supply the Department of Conservation with copies of reprints,
theses, or publications derived from the research.
3. Permittee must obtain permission from the site manager before commencing permitted
activities, even though Departmental permission has already been granted.
State Forests. Same policy and procedure as given for state parks.
INDIANA
State Parks. Permission required. Send request to the Indiana Department of Natural
Resources, Division of State Parks, 616 State Office Bldg., Indianapolis, IN 46204.
State Forests. Permission required. Send requests to the State Forester, Indiana Depart
ment of Natural Resources. 613 State Office Bldg., Indianapolis, IN 46204.

IOWA
State Parks. Permits required. These are issued only to entomology departments of
colleges and universities. A list of collectors must be supplied by the institution, and all
specimens become the property of the college or university. For details, write to the Iowa
State Conservation Commission, Wallace State Office Bldg., Des Moines, IA 50319.
State Forests. Permission is required. Contact the State Forester, Iowa State Conservation
Commission, Wallace State Office Bldg., Des Moines, IA 50319, or the forest unit manager.
KANSAS
State Parks. Permission required. Requests should be sent to the Director, Kansas State
Park Authority, Box 977, Topeka, KS 66603. Requests will be accepted from all qualified
entomologists.
State Forests. No permission is required. A courtesy call to the unit manager is suggested.
For additional information contact State and Extension Forestry, 2610 Claflin Rd., Man
hattan, KS 66502.

KENTUCKY
State Parks. Permission required. Kentucky law designates all state parks as preserves
and prohibits the collecting and removal of any wildlife, plant life, or materials without the
consent of the Commissioner of State Parks or his designate. Send requests for permission
to the State Naturalist, Kentucky Department of Parks, Plaza Tower, Frankfort, KY 40601.
State Forests. Permission required. You must obtain a Free-use permit (SF-OOI). These
permits are available for the asking from any District Forester (see list) or the Forest
Entomologist, Kentucky Division of Forestry, 618 Teton Trail, Frankfort, KY 40601, These
permits are necessary when removing any forest products from state forest land. The Forest
Entomologist is available to answer questions and to provide any necessary information.
(NOTE: State Forest boundaries are marked with red paint and visitors should stay within
these boundaries in order to avoid trespassing on private land.)
Kentucky Division of Forestry District Forest Offices:
Tygart (Carter Co.) and Olympia (Bath Co.) State Forests
District Forester, Division of Forestry, Moorehead, KY 40351.
Kentucky Ridge (Bell Co.) and Kentenia (Harlan Co.) State Forests
District Forester, Box 130, Pineville, KY 40977.
Dewey Lake (Floyd Co.) State Forest
District Forester, Division of Forestry, Prestonburg, KY 41653.
Pennyrile (Christian and Caldwell counties) State Forest
Forest Administrator, Pennyrile Forest, Route 4, Box 136, Dawson Springs, KY 42408.
Knobs (Nelson Co.) State Forest
District Forester, Box 663, Elizabethtown, KY 42701.
LOUISIANA
State Parks. Permission required. Even though the park managers have the authority to
grant permission, it is suggested to first contact the Chief of Interpretive Services, Office of
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State Parks, P,O. Drawer 1111, Baton Rouge, LA 70821, to avoid misunderstandings. The
central office will prepare a letter of permission for anyone requesting permission to collect
insects in state parks. In tum, entomologists are requested to supply a summary report of
specimens taken, or a copy of any subsequent pUblications.
State Forests. No limitations have been placed upon the eolleetion of insect specimens for
scientific study. Advance notice given to the forest manager is suggested. For additional
information, contact the Department of Natural Resources, Office of Forestry, P.O. Box
[628, Baton Rouge, LA 70821.
MAINE
State Parks. Those persons wishing to collect in the Baxter State Park (Mt. Katahdin area)
should request permission from the Baxter State Park Headquarters, 64 Balsam Drive,
Millinocket, ME 04462.
State Forests. Persons interested in collecting on state forest land should contact the
Maine Forest Service, Entomology Laboratory, 50 Hospital Street, Augusta, ME 04330, for
information and assistance.
MARYLAND
State Parks. Permit required. Requests should be sent to the State Naturalist, Maryland
Park Service, 580 Taylor Ave., Annapolis, MD 04330. Send an explanation of the work or
research plans; these are reviewed as a part ofthe permit approval procedure. The following
minimal conditions are set forth in all permits. In addition, the Maryland Park Service
(M.P.S.) reserves are right to amend any permits to cover special circumstances.
l. All collecting must be done in a judicious manner, altering the natural conditions as
little as possible, and that as few specimens will be collected as possible.
2. Permittee will notify the park manager upon arrival. The manager has the right to
specify collecting times, places and other conditions.
3. Permittee must furnish a report on the kinds, numbers, and disposition of all speci
mens, on or before Deccmber 31 of the year the permit was issued. If the collecting leads to
any publications the M.P.S. will be supplied with three copies or reprints of each article.
4, Permittee shall waive and release all claims against the State of Maryland, Department
of Natural Resources, or its employees for any and all damages, loss, or costs to person or
property arising from the use of state park land or from exercise of privileges granted by
collecting permit.
5. M.P,S, reserves the right to request and gain access to any and all specimens, data. and
reports that are a direct or indirect result of collecting activities and may require the return
of any or all specimens if so stipulated in the limitation section of the completed permit.

State Forests. No restrictions have been placed on the collection of insects from state
forest land, For additional information, contact the State Forester, Department of Natural
Resources, Tawes State Office Bldg., Annapolis, MD 21401.
MASSACHUSETTS
State Parks and Forests. Permission required. Contact the appropriate park or forest
manager, the regional park and forest supervisor (see list) or the Director, Massachusetts
Department of Environmental Management, 100 Cambridge Ave., Boston, MA 02202. Mul
tiple requests, or requests for information and assistance should be sent to the central office.
Requests from all qualified entomologists will be considered.
Massachusetts Park and Forest Regional Offices:
Region I, Barnstable, Bristol, Norfolk and Plymouth counties
Myles Standish State Forest, Box 66, South Carver, MA 02366.
Region 2, Essex, Middlesex and Suffolk counties
Great Brook Farm State Park, 817 Lowell Rd., Carlisle, MA 01741.
Region 3, Worcester County
Division of Forests and Parks, Box 155, Clinton, MA 01510.
Region 4, Franklin, Hampden and Hampshire counties
Division of Forests and Parks, Box 484, Amherst, MA 01002.
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Region 5, Berkshire County
Pittsfield State Forest, Cascade St, Pittsfield, MA 01201.
MICHIGAN

State Parks, No permission required. A courtesy call to the park manager is suggested.
For additional information, contact the Parks Division, Michigan Department of Natural
Resources, Box 30028, Lansing, MI 48909.
State Forests. No permission required. If collecting would involve the removal of trees or
other vegetation, you should obtain permission from a district or unit forester. For addi
tional information, contact the Forest Management Division, Michigan Department of
Natural Resources, Box 30028, Lansing, MI 48909.
MINNESOTA

State Parks. Permission required. Proposals should be discussed with the park manager,
and if approved, a request should be sent to the Director of Parks and Recreation, Minnesota
Department of Natural Resources, Box 39, Centennial Building, St. Paul, MN 55101. Stu
dents requesting permission must be attending a university or comparable institution, and
must have a letter of support from their advisor or instructor.
State Forests. No limitations have been placed upon the collection of insects from state
forest land. For additional information, contact the Division of Forestry, Minnesota De
partment of Natural Resources, Centennial Office Bldg., 658 Cedar St., St. Paul, MN 55155.
MISSISSIPPI
~tate Parks. Permission is required. Send requests for permission to the Bureau of Recre
ation and Parks, Operations Department, P.O. Box 10600, Jackson, MS 39209. Each project
is reviewed and letters of permission are issued based on the merits of the project. The
collector must supply the park manager with a list of species taken. No digging or cutting of
vegetation is allowed.
State Forests. Permission is required to collect in Mississippi's one state forest. In ad
dition, there are special township sections designated as "school sections" by county
governments, and many of these sections are managed by the Mississippi Forestry Com
mission's county foresters. Contact the county foresters for pelmission and directions to
collect on school sections. Send requests for permission to collect in the Mississippi State
Forest, or for a list of county foresters, to the Mississippi Forestry Commission, 908 Robert
E. Lee Bldg., Jackson, MS 39201.
MISSOURI
State Parks. Permission required. Contact the Missouri Department of Natural Resources,
Natural History Program, P.O. Box 176, Jefferson City, MO 65102, for a research applica
tion form. The Natural History Program seeks to encourage scientific research in Missouri
State Parks. In order to monitor such activities and provide researchers with a data base,
they maintain a card file of all known research in Missouri State Parks.
State Forests. Permission required. Send requests to the Department of Conservation,
2901 North Ten Mile Rd., P.O. Box 180, Jefferson City, MO 65102. Include details and
information on the qualifications of the collector and an outline of the collecting plans.
MONTANA

State Parks. No permission required. Disturbing trees and shrubs, as well as disturbance
to top soil (digging) is prohibited. For additional information, contact the Montana Depart
ment of Fish, Wildlife and Parks, Helena, MT 59601.
State Forests. No pemlission required. For additional information, contact the Montana
Department of Natural Resources and Conservation, Division of Forestry, 2705 Spurgin
Rd., Missoula, MT 5980 I.
NEBRASKA

State Parks and State Wildlife Lands. No permission is required for discrete collecting
(hand nets, etc.). Individuals planning to collect in this manner should introduce themselves
to the park superintendent to avoid any misunderstanding. Studies involving the erection of
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semi-permanent or permanent structures, or involving the collection of protected game
species for stomach content examination, etc., must apply for a special permit. For special
permit applications, or for additional information, contact the Nebraska Game and Parks
Commission, 2200 North 33rd St., P.O. Box 30370, Lincoln, NE 68503.
NEVADA
State Parks. The Nevada Division of State Parks has no regulations prohibiting the collec
tion of insects. Permission to collect is therefore granted on an individual basis by each park
supervisor, and generally permission will be granted to any serious collector. Most parks
would appreciate a report on the species collected in the area. Persons wishing to contact
park superintendents ahead of time may write to the Nevada Division of State Parks, Capitol
Complex, Carson City, NV 89710, for a list of park addresses.
State Forests. Permission to collect and infortnation on Nevada State Forests can be
obtained by writing the Nevada Division of Forestry, 20 I South Fall St., Carson City, NV
89710. or the appropriate forest manager.
NEW HAMPSHIRE
State Parks. No permission is required, except in special natural areas. A courtesy call to
the park manager is suggested. For additional information, contact the New Hampshire
Department of Resources and Economic Development. Division of Parks, P.O. Box 856,
Concord. NH 03301.
State Forests. No permission is required. For additional information, contact the New
Hampshire Department of Resources and Economic Development, Division of Forests and
Lands, P.O. Box 856, Concord, NH 03301.
NEW JERSEY
State Parks. Permission required. All requests must be made in writing; send them to the
appropriate park superintendent or to the Bureau of Parks office. The letter should include
information on the purpose and extent of collecting and specific information on date(s),
time(s), and number of colleCtors. For a list of park addresses or addition information,
contact the New Jersey Department of Environmental Protection, Bureau of Parks, P.O.
Box 1420, Trenton, NJ 08625.
State Forests. Same procedure as outlined for state parks. For a list of addresses or
additional information, contact the New Jersey Department of Environmental Protection,
Bureau of Forestry, P.O. Box 1420, Trenton, NJ 08625..
NEW MEXICO
State Parks. A Special-Use Permit is required. Send requests to the Director, New Mexico
State Park and Recreation Division, P.O. Box 1147, Santa Fe, NM 87503. Only those
requests from college faculty and similar professional entomologists for bona tide projects
are likely to be approved.
State Forests. No permission required. The New Mexico Division of Plant Industry would
very much like to be kept informed of any range extension, new species, new host relation
ships, etc., that may be found as a result of collecting. For additional information, contact
the New Mexico Department of Agriculture, Division of Plant Industry, Box 3BA, Las
Cruces, NM 88003.
NEW YORK
State Parks. A large number of parks and historic sites are administered by the Office of
Parks and Recreation of the Executive Department. The recreation areas are scattered
throughout the state and are operated out of II regional offices. Send requests for permis
sion to the appropriate regional office (see list). The regional office will advise the park
superintendent of your activities if the plan is approved.
New York Offke of Parks and Recreation:
Central Office: Empire Plaza, Albany, NY 12233.
Allegheny Region: Salamanca, NY 14779.
Central Region: Clark Reservation, JameSVille, NY 13078.
Finger Lakes Region: Taughannock Falls State Park, RD #3, Trumansburg, NY 14886.
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Genessee Region: Castile, NY 14427.
Long Island Region: Belmont State Park, Babylon, NY 11702.
Niagara Frontier Region: Prospect Park, Niagara Falls, NY 14303.
Palisades Region: Bear Mountain State Park, Bear Mountain, NY 10911.
Saratoga-Capital Region: Administration Bldg., Saratoga Springs, NY 12886.
New York City Region: 1700 Broadway, New York, NY 10019.
Taconic Region: Staatsburgh, NY 12580.
Thousand Island Region: Keewaydin State Park, Alexaudria, NY 13607.
State Forests and Forest RlX!reation Areas. Permission required. The Department of En
vironmental Conservation administers state forests, Adirondack and Catskill Forest Pre
serves, and reforestation, multiple-use, aud wildlife management areas. Send requests for
permission to collect in state forests, forest preserves, aud similar areas to the NY Depart
ment of Environmental Conservation, Division of Lands and Forests, 50 Wolf Rd., Albauy,
NY 12233. Send requests for permission to collect on wildlife management lands to the NY
Department of Environmental Conservation, Division of Fish and Wildlife-Special Licenses
Unit, 50 Wolf Rd., Albany, NY 12233.
SPECIAL NOTE: Section 11- \317 of the New York State Environmental Conservation
Law prohibits the collection of "any aquatic insect that lives in water during any stage of its
life from waters (or the banks thereof) inhabited by trout." Therefore a special permit is
needed to collect many aquatic insects. Send requests to the Division of Fish and Wildlife
Special Licenses at the address given above.
NORTH CAROLINA
State Parks. Permission required. Send requests to the Chief Naturalist, North Carolina
Division of Parks and Recreation, Box 27687, Raleigh, NC 27611. Requests from any quali
fied entomologist will be considered.
State Forests. No permission required. Collectors are asked to inform the local forest
supervisor of their presence and to obtain information on current road conditions and forest
activities.
NORTH DAKOTA
State Parks. Check in with the park superintendent upon arrival and permission will
generally be granted. For additional information, contact the North Dakota Parks and
Recreation Department, Fort Lincoln State Park, Route 2, Box 139, Mandau, ND 58554.
State Forests. There are no restrictions on the collection of insects from state forest lands.
For additional information, contact the North Dakota State Forester, School of Forestry,
NDSU-Bottineau Branch, First and Simrall Aves., Bottineau, ND 58318.
OHIO
State Parks. Permit required. Requests for an application for permit should be sent to the
Chief, Division of Parks and Recreation, Ohio Department of Natural Resources, Fountain
Square-Bldg. C, Columbus, OR 43224. Applicaut must specify the need for either a student
or faculty application.
In lieu of a permit application, a letter can be submitted to the Chief of Parks aud
Recreation if the following information is included: (I) purpose of collecting, (2) methods
aud equipment used for collecting, (3) species and number of each to be collected, (4) state
park(s) to be visited with specific location(s), including a sketch map if possible. (5) date(s)
of the collecting, (6) when and where collected specimens will be stored and cataloged for
future reference, (7) names of all persons participating in the study, aud (8) qualifications of
the applicant.
The permit holder will be asked to submit a project report within sixty days after the
expiration of the permit. The report should have a data sheet for each area surveyed which
includes information on the species aud number collected, date of collection, aud all other
data collected, including temperature, water chemistry, weather conditions, and general
habitat observations. In addition, a copy of all reports or publications derived from the data
collected shall be given to the Park and Recreation Division.
State Forests. Permit required. The procedure is the same as given under state parks.
Requests for permit applications or additional information should be sent to the Chief,
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Division of Forestry, Ohio Department of Natuaral Resources, Fountain Square-Bldg. C,
Columbus, OH 43224.
OKLAHOMA
State Parks. Permission required. Send requests to the Director, Division of State Parks,
500 Will Rogers Bldg., Oklahoma City, OK 73105. Requests are generally only accepted
from entomology faculty.
State Forests. No permission required. Collectors should, however, inform the area
supervisor of their presence in the area. For additional information contact the Oklahoma
Department of Agriculture, Forestry Division, 122 State Capitol, Oklahoma City, OK 73105.
State Wildlife Conservation Lands. No permission is required to collect insects on wildlife
conservation lands. Additional information can be obtained from the Oklahoma Department
of Wildlife Conservation, 1801 North Lincoln, P.O. Box 53465, Oklahoma City, OK 73152.
OREGON
State Parks. Permits required. Send requests to the regional supervisor (see list). For
additional information, contact the Oregon State Parks and Recreation Branch, Department
of Transportation, 525 Trade St. S.E., Salem, OR 97310.
Oregon State Park Regional Offices:
Region I (Benton, Clackamas, Columbia, Lane [western], Linn, Marion, Multnomah. Polk,
Washington and Yamhill counties) 3554 SE 82nd Ave., Portland, OR 97266.
Region 2 (Clatsop, Lincoln and Tillamook counties) 807 Main Ave., Tillamook. OR 971~1.
Region 3 (Coos, Curry, Douglas [coastal section], and Lane [eastern] counties) P.O. Box
1265, 1155 5th St., Coos Bay, OR 97420.
Region 4 (Crook, Deschutes, Douglas [inland section], Gilliam, Hood River. Jackson,
Jefferson, Josephine, Klamath, Lake, Sherman, Wasco and Wheeler counties, 63055
Hwy. 97, P.O. Box 5309, Bend, OR 97701.
Region 5 (Baker, Grant, Harney, Malheur, Morrow, Umatilla, Union. and Wallowa coun
ties) P.O. Box 850, 2111 Adams Ave., La Grande, OR 97850.

State Forests. Permission required. Send requests to the Director, Insect and Disease
Management, Oregon Department of Forestry, 2600 State St., Salem, OR 97310. 'The forest
managers also have the authority to grant permission to collect. In all instances. a summary
of collection data should be sent to the central office.
PENNSYL VANIA
State Parks. Permission required. Send requests to the Environmental Management Sec
tion, Bureau of State Parks, Department of Environmental Protection, Harrisburg. PA
17120. Purpose of the study should be outlined. Results of all studies are sent to the Bureau
of State Parks, and are used in making management decisions.
State Forests. No permission required. For additional information, contact the Pennsyl
vania Department of Environmental Resources, Bureau of Forestry, 34 Airport Drive.
Middleton, PA 17054.
PUERTO RICO
Parks and Forests. Permission required. Send requests to the Secretary, Department of
Natural Resources, Munoz Riviera Ave., Stop 3, P.O. Box 5887, San Juan, PR 00906.
Requests should state (I) nature and number of specimens, (2) sites and dates ofcollection,
and (3) purpose of the collection.
RHODE ISLAND
State Parks. A Scientific Collectors Permit and permission are required. To obtain a
scientific collectors permit, see the note below. Send requests for permission to collect in
state parks to the Rhode Island Department of Environmental Management, Division of
Parks and Recreation, 83 Park St., Providence, RI 02903.
State Forests. A Scientific Collectors Permit and permission are required. To obtain a
scientific collector's permit, see the note below. Send requests for permission to collect in
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state forests to the Rhode Island Department of Environmental Management, Division of
Forest Management, RFD #2, Box 851, North Scituate, RI02857.
Scientific Collectors Permit. This permit is required for collecting on state lands and for
taking rare and endangered species on private land. Applications can be obtained from the
Rhode Island Division of Fish and Game, Washington County Government Center, Tower
Hill Rd., Watch Hill, RI 02879. Permits are issued for the calendar year, and they expire on
the 31st of December regardless of when issued. At the end of each year, the permittee must
submit a list of animals collected and their disposition to the Fish and Game Division.
SOUTH CAROLINA
State Parks. Permission required. Send requests to the South Carolina Parks Division,
1205 Pendleton St., Columbia, SC 29201. Park managers also have the authority to grant
permission. Requests from all qualified entomologists will be considered.
State Forests. No written permission is requred. A courtesy call to the forest manager is
suggested. For additional information, contact the Insect and Disease Forester, South
Carolina Commission on Forestry, Box 21707, Columbia, SC 29221.
SOUTH DAKOTA
State Parks. Permission can be obtained by checking in with the park manager upon
arrival. Additional information can be obtained by contacting the South Dakota Department
of Game, Fish and Parks, Division of P.arks and Recreation, Anderson Bldg., Pierre, SD
57501.
State Forests. Permission can be obtained in advance by writing to the South Dakota
Division of Forestry, Anderson Bldg., Pierre, SD 57501; or, permission can be obtained
from the forest manager upon arrival.
TENNESSEE
State Parks. Tennessee outdoor recreation lands have been set aside for the preservation
and protection of natural and cultural features; however, collecting permits may be issued to
responsible people engaged in scientific study. Scientific research and collecting permits
must be obtained when collecting biological or geological materials and air or water samples.
Any research project involving the installation of equipment also requires a permit.
Applications and information can be obtained from the Tennessee Department of Con
servation, Division of Parks and Recreation, 2611 West End Ave., Nashville, TN 37203.
Requests must be submitted at least one month in advance to assure adequate time for
review. The applicant should supply the following information: (I) name and address,
(2) position or title and institutional or organizational affiliation, (3) area(s) where collecting
is to take place, (4) length of time permit is needed (one year maximum), (5) detailed
narrative of the study including details on purpose, objectives, procedures (materials and
methods), specimens and number of each to be collected (state common and scientific
names), anticipated environmental alterations due to collecting, final disposition of speci
mens and the permanent location of the recorded data.
Applicants who are granted permits are obligated to supply the Department of Conserva
tion's Program Services Administrator with semi-annual reports. In addition, a copy of any
final reports, theses, or publications must be submitted. All specimens must remain part of
the public domain and be housed in a public museum or educational institution. Regional
Naturalists, Ranger Naturalists or Area Managers may stipulate specific guidelines for re
search in some areas.
State Forests. Permission can be obtained from the Staff Forester, Department of Con
servation, Division of Forestry, Nashville TN 37219. The Nashville office will inform field
personnel of the collecting activities.
TEXAS
State Parks. Permission required. Send requests to the Texas Parks and Wildlife Depart
ment, 4200 Smith School Rd., Austin, TX 78744. Permission is only granted for bona fide
researchers (ie, student with letter of support from faculty advisor, entomology faculty, or
professional entomologist). Collections for hobby purposes or for museum collections will
not be approved.
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State Forests. No written pennission required. Collectors and researchers are urged to
contact the Pest Control Section, Texas Forest Service, P.O. Box 310, Lufkin, TX 75901 to
obtain information on forest management activities (ie, harvesting, prescribed burning, etc.)
in order to better coordinate activities with the Texas Forest Service entomologists. The
Texas Forest Service welcomes exchange of infonnation and research and will be glad to
assist visiting researchers.
UTAH
State Parks. The Utah Division of Parks and Recreation has no formal policy, and there
fore has no objections to discrete collecting. Projects which are more involved should be
cleared with the park manager. For further information contact the Utah Division of Parks
and Recreation, 1596 W. North Temple, Salt Lake City, UT 84116.
State Forests. No written permission is required. Check with the unit manager to obtain
permission for collecting techniques other than discrete collecting. For additional infonna
tion, contact the Utah Division of State Lands, Forestry and Fire Control, 231 East 400
South, Salt Lake City, UT 84111.
VERMONT
State Parks. Pennission required. Send requests to the Commissioner, Depaltment of
Forests and Parks, 79 River St., Heritage II Bldg., Montpelier, VT 05602. Requests will be
considered from any qualified entomologist, and should include information on the purpose
of the collecting, methods, and type of equipment to be used. A copy of any published
results or a written report of the results is required.
State Forests. Same procedure as outlined for state parks.
VIRGINIA
State Parks. Permit required. Applications or information can be obtained from the
Commissioner, Virginia Division of State Parks, 1201 Washington Blvd., Capitol Square,
Richmond, V A 23219. Permits are usually issued only for studies with scientific merit, and
are subject to the following minimal conditions:
1. All collections must be made in a judicious manner, altering the natural conditions as
little as possible, and as few specimens as possible will be collected.
2. Permit holder will notify the park superintendent prior to undertaking any collecting
activities.
3. A complete report giving the kinds, number, and disposition of all collected materials
will be sent to the Virginia Division of State Parks no later than the 31st of December of the
year the permit was issued. If collected material is not identified during the year the permit is
in effect, a statement to that effect shall replace the "kinds and numbers" section of the
report.
4. In the event that any of the collections lead to any publications, the Virginia Division of
State Parks will be provided with three reprints of each article,
5. The permit shall immediately terminate upon violation ofany conditions in the permit.

State Forests. Permission required. Contact the Virginia Division of Forestry, Box 3758,
Charlottesville, VA 22903, or check with the forest manager.
VIRGIN ISLANDS
Parks and Forests. No permit is required. For additional information contact the Bureau of
Fish and Wildlife, Box 1878, Fredericksted, St. Croix, VI 00840.
WASHINGTON
State Parks. Washington state regulations prohibit the removal of living specimens, both
plants and animals, from property managed by the Washington State Parks and Recreation
Commission. Removal or collection of specimens is allowed only in instances where a
benefit to the property can be clearly demonstrated and official agency sanction can be
obtained. Collection of living insect specimens for bona fide scientific research is therefore
only allowed by special permit from the Washington Park and Recreation Commission, In
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such cases, animals collected may be studied but must be returned unharmed to tbe collec
tion site. Collection of insect specimens for private or commercial purposes, or for general
purposes is not allowed. Insects posing a tbreat to person, facilities, or timber may be
eradicated by approved methods. For additional information, contact tbe Washington State
Parks and Recreation Commission, 7150 Cleanwater Lane, Olympia, WA 98504.
State Forests. No permission is required. Notify the natural resources manager of your
presence in the area. For additional information, contact the Washington Department of
Natural Resources, Division of Forest Land Management, Olympia, WA 98504.
WEST VIRGINIA
State Parks. Written permission required. Send requests to the West Virginia Department
of Natural Resources, Division of Parks and Recration-Park Naturalist, 1800 Washington
St. East, Charleston, WV 25305. Requests from students with letters of support, college
faculty, or professional entomologists are generally only considered. Permission is only
issued for projects with scientific merit. Collection methods and proposed area(s) should be
outlined in the request. Copies of all collection records and any subsequent publications
must be submitted to the Division of Parks and Recreation.
State Forests. Permission required. Send requests to the State Forester, West Virginia
Department of Natural Resources, 1800 Washington St. East, Charleston, WV 25305. In
clude information on what is to be collected, bow it is to be collected and when and where it
will be collected.
SPECIAL NOTE. Collecting biological specimens from caves requires an Archeological
Scientific Collector permit. Applications can be obtained from tbe WV Department of
Natural Resources, 1800 Washington St. East, Charleston, WV 25305. Applicants will be
asked to supply information on professional affiliation, objectives and reasons for collecting,
and benefits to be obtained from the contemplated work. Permittees must also: (I) carry the
permit at all times while collecting, (2) supply data to the West Virginia DNR at the end of
each calendar year, and (3) obtain written permission to enter caves on state-owned land as
weH as those located on private land.
WISCONSIN
State Lands.
A poorly written Wisconsin State Law (NR 45.01) prohibits the destruction, molestation,
defacement, removal, or attempt at removal of any natural growth or natural or archaeo
logical feature from all state lands and property owned, leased, under easement, or admin
istered by the State of Wisconsin and under the management, supervision, and control of the
Department of Natural Resources. As a result of this law, the Department of Natural
Resources is reluctant to grant permission for collecting on state land. Requests for collect
ing should be sent to the Wisconsin Department of Natural Resources, 101 S. Webster St.,
P.O. Box 7921, Madison, WI 53707, for review and possible affirmative action.
WYOML"'IG
State Parks. No permission required. For additional information, contact tbe Wyoming
Recreation Commission, 604 East 25th St., Cheyenne, WY 82002.
State Forests. There are no defined forests or preserves. The state forest land is leased for
grazing and other uses and is widely scattered about the state. A courtesy call to the surface
ieasee is suggested.

LOCAL GOVERNMENTS
The policy of each and every county, township, and city government agency is beyond the
scope of this publication. Direct contact with the appropriate agency is necessary in order to
find out what regulations might be in effect. The guidelines given for requesting permission
should enable one to successfully acquire any necessary permission.
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BOOK REVIEWS
MICHIGAN TREES. Burton V. Barnes and Warren H. Wagner, Jr. The University of
Michigan Press, Ann Arbor. 384 pages, 120 figures. 1981. $10.95 (cloth), $5.95 (paper).
Nearly all entomologists studying terrestrial insects in the Lake States region find it
necessary to recognize and attempt to understand the woody plant communities in which
they live. My own great interest in trees was an obvious corollary of my work with forest
insects and began with a copy of Michigan Trees by Charles Otis. Three decades have
passed since I acquired it, and I have filled a shelf with additional "tree books" without
finding one which was really satisfactory. Consequently I welcomed the publication of this
completely new edition of Michigan Trees with heartfelt enthusiasm.
This edition has been entirely rewritten by two eminent botanists from The University of
Michigan: Burton V. Barnes, forest ecologist of the School of Natural Resources, and
Warren H. Wagner, Jr., already a familiar figure to Michigan Entomological Society mem
bers as one of our foremost lepidopterists, a Past President of the society, and frequent
contributor to this journal.
The tree descriptions include virtually all the native and commonly introduced exotic
species to be found in Michigan; 101 are illustrated. Most of these figures appeared in earlier
editions, but many have been redrawn and numerous new figures added. The descriptions
have been expanded to include a wealth of useful ecological information on distribution,
habitat, shade tolerance, reproduction, and other characteristics. There are also helpful
summaries of key characters, and background notes on a wide range of topics. A separate
section provides similar but less extensive descriptions of most of the shrubs and woody
vines of the region. There are keys for both summer and winter use, and perhaps the most
important comment to be made on these is that my students had very little trouble using
them successfully.
The authors make it relatively simple for the reader to identify a woody plant with
considerable confidence, but their book offers much more. The initial chapter, which in
similar tree books is usually confined to describing key characteristics, is here expanded to
an interesting and concise introduction to the biology of woody plants. This is followed by a
chapter on the habitats and forest communities of Michigan which is a veritable treasure for
anyone interested in the terrestrial ecology of the state. This section alone would make the
purchase of the volume worthwhile. A sclection of references from the literature is another
valuable feature rarely found in the usual tree book.
I have adopted this book as a standard reference for my biology students and a required
text for my class in woody plants. It has been very successful in both applications, and the
only student criticism has been regret that the section on shrubs and woody vines is not
illustrated. It is, of course, a regional work, but certainly would be useful throughout the
Lake States. For the Michigan naturalist it is invaluable.
D. C. L. Gosling
BUTTERFLIES OF THE ROCKY MOUNTAIN STATES. Edited by Clifford D. Ferris
and F. Martin Brown. University of Oklahoma Press, Norman. 464 pages, incl. 4 color
plates. 1981. $35.00 (cloth), $15.95 (paper).
The long awaited guide to the butterflies of the Rocky Mountains will be received with
great delight by many lepidopterists who collect butterflies in this rugged and beautiful
region. The book's coverage encompasses the Rocky Mountain states from the Canadian
border to northern New Mexico, and from the Great Plains to the Great Basin. This compre
hensive work will direct collectors to specific collecting sites and the photographs of each
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species will assist amateurs in identification of specimens collected in the region. The latter
aid is especially useful in view of the proliferation of subspecies, as in the Nymphalidae,
from this region.
In addition to introductory and historical sections by the two well-known editors, the
book is divided into three parts, with Part One including a series of contributions by eight
thoroughly knowledgeable lepidopterists, all with field experience in the Rockies. This part
includes extremely informative sections, with ample figures, on biogeography, butterfly
bionomics, external anatomy, taxonomy, and collecting and preserving specimens. In par
ticular, the biogeography section by Scott L. Ellis gives good detailed information, with
clear black and white photographs, of the major habitats and specific collecting sites found
in the Rocky Mountains.
The main portion of the book, Part Two, deals thoroughly with each nominate species
recorded from the Rockies, including diagnosis, range and habitat, bionomics, and sub
species. There are sharp black and white photographs, usually of both sexes, and revealing
dorsal and ventral surfaces. Each family and genus is discussed by one of the following
specialists: J. Donald Eff, Scott L. Ellis, Clifford D. Ferris, Michael S. Fisher, Lee D.
Miller, James A. Scott, and Ray E. Stanford. It may come as a surprise to some lepidop
terists that the arrangement of families and nomenclature of genera and species does not
follow any currently accepted butterfly checklist. Many experienced collectors may find it a
nuisance to re-label the familiar Papilio giaucus L. to Hubner's unfamiliar Euphoeades, or
the elfins back to Incisalia, to name a few notable changes. The editors make a poor effort at
explaining their rationale for changes in nomenclature in their introductory comments. It
would have been more consistent and helpful if the nomenclature had followed the forth
coming Catalogue and Checklist of the Butterflies of America North of Mexico, which is
soon to be published by The Lepidopterists' Society.
The last part of the book includes a glossary, bibliography, simple techniques for genitalic
dissection and genitalic sketches, maps, collection locality data, checklist of the butterflies
of the Rocky Mountain states, index to general topics, index to butterfly names, and index to
butterfly food plants. The data for each specimen figured in one of the black and white
photographs are included in the section on collection locality data.
There are few obvious errors of commission except that in Section Five, Collecting and
Preserving Specimens, the pages are erroneously indexed "taxonomy," which may annoy
some users. The black and white plates on page [73 (P. proterpia) and page 174 (N. ioie) are
half the size indicated (IX). Most of the plates for the Hesperiidae and Lycaenidae are more
than life size, which should be helpful to many attempting to identify specimens in these two
difficult families. The map section. which contains a series of small scale regional maps with
county outlines, features dots to indicate county records for each species, but fails to include
a larger scale map with county names. The book's format measures 7 by 10 inches, with a
buckram cover for the hardbound edition, and plasticized cardboard for the softbound. A
serious drawback in the softbound edition appears to be a weak binding; in just a few hours
of home use, this reviewer's copy has shown loosening of two pages. While the publisher
hails this publication as a "field guide," its size will preclude convenient field use.
Without doubt, this publication is a valuable contribution to the literature. and a "must"
for all lepidopterists, amateur or professional. It definitely fills a need felt by many field
collectors who annually journey to the Rockies in search of butterflies. It should stand a~ the
main relerence of Rocky Mountain butterflies for many years to come.
M. C. Nielsen
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ENTOMOLOGICAL NOTES
PREDATION ON THE PUPAE OF SATURNIIDAE (LEPIDOPTERA)
BY GRAY SQUIRRELS IN WISCONSIN
Owing to their large body size, the larvae and pupae of giant silkworm moths (Saturniidae)
are ideal food for many animals. Winter predation on the pupae of Hyalophora cecropia (L.)
in Illinois by birds (Waldbauer and Sternburg, Ecology 48:312-315, 1967) is a well known
example. This note is the first documentation of predation on the healthy pupae of both
endemic and exotic species of saturniid moths in southeastern Wisconsin. In these examples
the predator is the Eastern Gray Squirrel, Sciurus carolinensis Gmelin, and the prey are
Antherea polyphemus (Cramer), a common local species, and Attacus atlas (L.), an exotic
from Southeast Asia.
During the spring of 1980 and 1981 I placed in a yard mixes of cocoons of each species
with healthy and dead pupae. Some cocoons were placed on the ground within an approxi
mately 25 m 2 area, and others were pinned to small shrubs scattered along the side of a
house. The yard is frequented by squirrels. The purpose of the study was to determine if
squirrels differentially attacked the silken cocoons of healthy and dead pupae, and if they
would attack those of an exotic species. I tested 19 A. polyphemus and 50 A. atlas, with the
ratio of healthy to dead pupae being about I: I in the former, and about 1:2 in favor of dead
pupae in the latter. The cocoons were left undisturbed in the yard for about two weeks in
both years. In order to distinguish later between cocoons of healthy and dead pupae, I
marked those of the healthy ones with a small black dot prior to the tests.
About 90% of the II healthy A. polyphemus and about 12% of the eight dead ones were
found to have clear signs of squirrel damage. For A. atlas, 80% of the 15 healthy cocoons
and none of the 35 dead had signs of squirrel damage. Cocoons with squirrel damage were
ripped open and in the case of live pupae, the pupae were gone. During the study, I saw
three instances of squirrels picking up and handling cocoons.
Such data, while preliminary, indicate that squirrels forage for saturniid pupae, and dis
criminate between cocoons with live and dead or eclosed pupae. Such behavior is ap
parently generalized to exotic species. There are many reports in the mammalogy literature
of the flexible feeding habits of squirrels in the temperate zone, in which diets consist of
seeds, fruits, and insects (e.g., Schwartz and Schwartz, The wild mammals of Missouri,
Univ. Missouri Press, 1959). The pupae of some saturniid moths are very high in lipid
content (e.g., Domroese and Gilbert, J. Expt. BioI. 41:573-590, 1964), making them ideal
sources of energetic food stuffs for small omnivorous mammals such as squirrels. Saturniid
pupae may provide rich sources of energy at times of the year when other kinds of food
required by squirrels are less abundant. How squirrels discriminate between healthy and
dead pupae in silken cocoons, as shown by the data here, warrants further study. Possibly
the mechanism involves a response to a sequential combination of visual (cocoon size,
shape, position), tactile (i.e., information on cocoon weight from handling), and olfactory
(issuance of a pupal odor) stimuli.
As the cocoon of A. atlas is suspended from a branch in a manner very similar to the
phylogenetically allied, endemic North American species Callosamia promethea (Drury)
(Ferguson, The moths of America north of Mexico, Classey, London, 1972), my observation
that squirrels jump up and knock down cocoons suspended in shrubs suggests that other
Wisconsin saturniids such as C. promethea and Hyalophora cecropia (L.) are also attacked
by squirrels.
ACKNOWLEDGMENTS: I thank Paul Neymeyr and Robert Veenendahl for sources of
cocoons, and Nathan Kracunas for information on squirrel feeding habits. Without the
cooperation of these people this study would not have been possible.
Allen M. Young
Department oflnvertebrate Zoology
Milwaukee Public Museum
Milwaukee, WI 53233
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TRIEPEOLUS MESILLAE (HYMENOIYfERA: APOIDEA) IN ILLINOIS: A
CLEIYfOPARASITIC BEE NEW TO THE EASTERN UNITED STATES

Cockerell (Ann. Mag. Nat. Hist., Ser. 7, 13:33-42,1904) named Triepeolus mesillae on the
basis of a series of specimens which he collected at Mesilla, New Mexico. A second locality
for the species was added by Rozen (Amer. Mus. Novitates 2244, 1966) when he described
the larva of T. mesillae from cells of Nomia (Epinomia) triangulifera Vacha! excavated by
E. A. Cross at Lakeview, Douglas County, Kansas, in 1955. Aside from Cockerell's in
elusion of T. mesillae in his key to the Triepeolus of Colorado (Cockerell, Univ. Colorado
Stud. 16:99-126, 1928), no other information concerning the species has been published. The
purpose of this paper is to record T. mesillae from Illinois and thus to provide a third locality
for the species and the first from east of the Mississippi River.
On 29 August 1981, an associate of the author, Tamara F. Bouseman, took a male and a
female of Triepeolus mesillae from flowers of Helianthus occidentalis Riddell in Henderson
County, Illinois. The bees were collected between 1300 and 1400 CDST from a population of
H. occidentalis growing In a sand prairie about 3.5 miles N of Oquawka. During the time of
the collection of the two specimens of T. mesillae, the author collected a pollen-laden female
of the recorded host, Nomia triangulifera, from nearby flowers of Helianthus rigidus (Cass.)
Desf., and other specimens of N. triangulifera were taken from sunflowers later on that day
(Bouseman, J. Kansas Entomo!. Soc., 55:95-96, 1982).
ACKNOWLEDGMENTS: Sincere thanks are due to Paul D. Hurd. Jr.. ~ational
Museum of Natural History, Smithsonian Institution, Washington, D.C., for his confirma
tion of the identity of the specimens of T. mesillae cited herein, and to Tamara F. Bouseman
for her aid in the field. This publication is a contribution of the Illinois ~atural History
Survey and the Illinois Agricultural Experiment Station, College of Agriculture. Cni\·ersity
of Illinois at Urbana-Champaign. It was supported in part by Hatch Project ~o. 12-0361.
Biosystematics of Insects.
John K. Bouseman
Illinois Natural History Suryer
Champaign, IL 61820
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