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To establish priorities for research requires either single insect species or groups of taxonom-
thatproblems be ranked according to their im- ically or ecologically similar species. Each unit to
portance. Up to now, no rigorous basis for be rated is moved through the four parts of the
ranking forest insect problems has been avail- scheme" one part each for timber, recreation,
able. We thought more accurate and precise rank- wildlife, and water. Each part consists of state-

ing might result if a scheme were devised to ments requiring a response based on factual in-
'systematize the use of many inputs that other- formation about the unit being evaluated. Re-
wise enter subjectively or not at all into ranking sponses have a corresponding score value. Where
decisions. The scheme we introduce and demon- a unit does not fit well into any response category,
strate here numerically evaluates the importance a score midway between two categories may be
of different insects to the multiple uses of forests assigned. All statements are understood to refer
on a regionwide, historical scale. It is not a to the entire north-central region- the States
formula for assessing current impact in a local of Minnesota, Wisconsin, Michigan, Iowa, Mis-
situation, nor is it adequate for gauging the enor- souri, Illinois, and Indiana. Similar schemes for
mously important roles of purely beneficial in- other areas could be developed.
sects like pollinators and scavengers. It has un-

Total score for each part is an arithmeticdergone several revisions and can no doubt be
function of the various individual scores. Score

improved further. We offer it now for wider dis-
cussion and testing, computations were built in according to the addi-

tive or multiplicative character of the factors
considered as well as overall scaling. The highest

The traditional concept of forest insects em- total score for any one part is 10. The score for
phasizes those that hinder wood production. The the four multiple-use elements is obtained by
scheme enlarges this concept by considering more adding score totals from the four parts. This
fully the role insects play in the forest. It recog- amounts to equal weighting of the parts. If the
nizes that insects have positive as well as nega- user wishes, he can weight the multiple-use
tive effects and that processes basic to the func- elements differently by simply multiplying part
tion and use of the forest as a whole are involved, score totals by factors of his choosing before
The result isan ecosystemview of forest insects summing to get the grand total.
and a clear implication that the importance of
insects cannot be evaluated adequately unless As an example of the system described, we
they are considered in an ecosystem context, illustrate our scoring for the forest tent cater-

pillar by circling individual scores and showing
For evaluation purposes, problem units may be resulting arithmetic in bold face type.
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PART I: TIMBER 4. Usual percentage of the stand af-
fected (mortality or reduction in growth or

Insects may kill trees, retard growth, or mar
quality) during an outbreak or otherwood and tree form. These are mainly conse-

quences of direct attacks that consist of foliage typical infestation period is"
consumption, bud mining, wood boring, root de- a. Less than 6 1

struction, and others. Indirect effects, such as b. 6 to 15 (_)
seed eating, which might affect natural regen- c. 16 to 30 3
eration, are less understood. Part I of the scheme d. 31 to 50 4
is concerned chiefly with direct effects on timber e. Over 50 5
crops.

• Multiply scores of items 1 and 2. Multiply
scores of items 3 (a or b) and 4. Add the two

Score products and divide sum by 5. Record quotient
I as score for Part 1 and go to Part 2" Recreation.
j 1. Value of standing timber affected

(in millions of dollars, see table 1)-I

f a. Less than 50 1 3×5=15. 4X2--8. 15+8=23. 23--5----4.6.
b. 51 to IO0 2

]

c. 101 to 200 (_
I d. 201 to 500 4!

i e. Over 500 5

F
I

r ' 2. Percent of growing stock attacked Table 1.-Approximate value of standing timber

! during an outbreak or other typical infes- by species and species groups, North Central
ration period: States

I
I

a. Less than 1 1 : Stumpagevalue
,i b. 1 to 5 2 Species or group : Volume !1/: ........Per' 'cubic : Total
I : : foo_l :

c. 6tolO 3
I d. 11 to 20 4 miilo_ Mililo_cubic feet Dollars dollars

e. Over 20 (_
Eastern cottonwood,

i quaking aspen, and 8,377.8 0.023 192.7

3a. If characterized by outbreaks, the ,i_i_ _p_i_Sugar maple 3,723.9 .166 618.2

number per century is" _te oak and similar
Score species 3,447.5 .139 479.2

White spruce anda. 1 1 balsam fir 3,296.4 .070 230.7

I b. 2. 2 Black and northernred oaks 3,166.1 .125 395.8

j c. 3to5 _ Red and silver maples

and boxelder 2,291.7 .100 229.2
d. 6 to 9 White and black ashes 1,971.9 .113 222.8

e, Over 9 5 Redandeasternwhite

. pines 1,726.1 .134 231.3

3b. If characterizedas continuous, J_k pine 1,494.9 .053 79.2American basswood 1,482.9 .156 231.3

with no definiteoutbreakperiods,the Shagbark, pignut, and
other hickories 1,428.1 .089 127.1

number of problemyearsduringa crop Easternhemlock 897.3 .057 51.1
rotationis: Y_zZo_birch 731.2 .256 187.2

American beech 622.3 .093 57.9

a. Lessthan 6 1 Blackwalnut 294.9 .484 142.7

b. 6 to 15 2 l--]Netvolume of growing stock on commercial

c. 16 to 30 3 forest land, January 1, 1968.

d. 31 to 50 4 2--/Stumpagevalue calculated from early 1968
prices in north-central region. Stumpage value per

e. Over 50 5 million board feet/160 = cubic foot value.

.
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PART 2: RECREATION Score

Insects may affect forest recreation directly
in two ways: by annoying recreationists and dam- 3. Time of year active:

aging vegetation important to recreational activ- a. Before June 15 or after Sep-
ities. In the first category, insects may bite, con- tember 1. 1
taminate food or habitations, or offend in other
ways. Some are capable of transmitting disease b. Less than half of period be-
if other epidemiological requisites are present, tween June 15 and September
As damagers of vegetation, insects mar the utility, 1. (_
quality, and beauty of sites such as campgrounds, c. More than half of period be-
vistas, and trails. _Through their effects on wild- tween June 15 and September
life, they are also indirectly related to forest 1. 3

recreation in such activities as hunting and bird 4. Acres of forest affected"
study. This interaction of multiple-use elements

is nottaken into account, however. Insect effects a. Less than 100,000 1
on Wildlife are evaluated separately in Part 3 b. 100,000 to 500,000 2
of the scheme, c. 500,000 to 1 million 3

In Part2 of the scheme, an insect unit can d. 1 to 10 million (_
be evaluated in either or both categories A and e. Over 10 million 5

B, depending on its habits. One that primarily Multiply scores of items 1 and 3, 1 and 4,
affects vegetation must be evaluated under cate- 2 and 3, and 2 and 4. Add the four products. If
gory B either as an. outbreak or continuous type, insect feeds primarily on man and animals, divide
not both. score by 4.8. Quotient is final score for recreation.
' If insect feeds primarily on vegetation, do not

divide by 4.8; instead, hold sum as partial score
A. Direct Annoyance and go to category B.

1 X2=2. 1 X4=4. 0X 2=0. 0"X4=0.
2+4+0+0=6.

Score

1. Degree of annoyance" B. Damage to Vegetation
a. Rarely offensive to humans in Basic to Pursuit of Recreation

any way. 0 Score i
b. Offensive only because present If characterized by outbreaks, go to

incidentally where not wanted, item 1. If characterized as continuous,
as during an outbreak. (_ with no definite outbreak periods, go to

c. Contaminates food, habita- item 6.
•tions; may breed in filth; may
be repugnant for reasons
other than direct attack. 2

d. Irritates skin by biting, sting- OUTBREAK INSECTS
ing, or other physico-chemical
attack. 4 1. Usual percentage of stand killed"

a. Less than 2 1

2: Disease vector potential: b. 2 to 9 (_
a. Absent (_ c. 10 to 25 3
b. Present 2 d. Over 25 4

• 3



Score Multiply scores of items 1, 2 and 3. Multiply
scores of items 4 and 5. Add the two products.

2. Usual forest area affected (acres)" Now add score from category A. Divide new sum

a. Less than 100,000 1 by 14. Record quotient as score for Part 2 and
b. ll}0,000 to 500,000 2 go to Part 3" Wildlife.
c. 500,000 to 1 million 3

d. Over 1 million _ 2 X 4 × 4--32. 4 X 2 _ 8. 32 + 8- 40.40+6----46. 46+ 14----3.3.
3 Number of outbreaks per century:

a. 1 1 CONTINUOUSLY DAMAGING INSECTS
b, 2 ' 2
c. 3 to 5 3 Score

6. Usual effect (immediate and resid-
d. 6 to 9 (_ ual) on individual host"e. Over 9 5

a. Negligible 0
4. Number of outbreak years per b. Branch mortalityorbreakage 1

century (number of outbreaks x typical
c. Decline" higher than normal

duration of outbreaks in years)" probability of death and
a. Less than 10 1 breakage 2
b. 10 to 19 2

7. Percent of host species in coverc. 20 to 30 3

d. Over 30 _ type"
a. Less than 1 1

5. Time of growth season when injury b. 1 to 5 2
culminates: c. 6 to 20 3

a. Last 1/3 1 d. Over 20 4

b. Middle 1/3 (_ 8. Valuation of host species (see table
i c. First 1/3 (if refoliation occurs 2)"

same growth season, use score a. Low 1
for b) 3 b. High 2

Table 2.-Relative value of some common native tree species
in a recreation context _

High : Low : High : Low
American beech American basswood Pin oak Silver maple
Black walnut American elm Red maple
Bur oak American sycamore Red pine
Eastern hemlock Bigtooth aspen Scarlet oak
Eastern white pine Black cherry Sugar maple
Flowering dogwood Boxelder White ash
Green ash Eastern cottonwood White oak

Northern red oak Jack pine Yellow-poplar
Paper birch Quaking aspen

1--/Compiled mostly from: National Shade Tree Conference. Shade tree
evaluation. 14 p. 1957.



Score Score

9. Percentageofforestedareaaffect- 2. Usual number of weeks per year
ed: active:

a. Less than 10 1
a. Less than 5 1

b. 10 to 30 2 b. 5 to 9 2
c. Over 30 3

c. 10 to 14 3
d. Over 14 4

Multiply scores of items 6 through 9. Divide

product by 4.8. Record quotient as score for 3. Insect potential to vector patho-
recreation and go to Part 3" Wildlife. (Normally, gens"
vegetation damagers of the continuous type have
zero score from category A.) a. Negligible 1

• b. Low 2
c. Moderate 4

4. Percent forest area affected:

a. Less than 25 1

PART 3: WILDLIFE b. 26 to 50 2c. 51 to 75 3
d. Over 75 4

Insects influence wildlife in three major
ways . as parasites, wildlife food, and disruptors Multiply scores of items 1 and 2. Multiply
of wildlife habitat. The parasite and food roles scores of items 3 and 4. Add products. Hold
are obvious, but modification and disruption of sum as partial score. Further scoring instructions
the habitat are more complex. For example, the appear at end of Part 3.
effect of severe defoliation can be beneficial for
some animals while detrimental to others. The

scheme attempts to quantify the modification
or disruption rather than evaluate the effect on
any specificanimal. B. Wildlife Food

This partof the scheme requiresthat an

insectunitbe evaluatedin two of threecate- Score
gories.Insectsparasiticon animals,such as
mosquitoes,would be evaluatedin categoriesA 1. Mature feedingstagelessthan ¼
and B. Insectunitssuchasdefoliatorswouldbe inchlong;orpossessesprotectivemechan-

evaluatedin categoriesB and C. ism such as undesirabletasteor odor:
a. Yes 1

b. Maybe 2
c. No (_

A. Parasitic Insects 2. Usualnumber ofweeksavailableas
food (period when it is more than ¼ inch
long; or, if less than ¼ inch, is aggregated

Score into conspicuous colonies or masses)"

1. Degree of annoyance: a. Less than 5 1

a. Low 1 b. 5 to 10 (_
b. Medium 2 c. 11 to 20 3

c. High 4 d. Over 20 4

5



" Score Score

2. Percent recovery of host plants
3. Vertical distribution during stages from outbreaks or other infestation

susceptible to predation" periods:

a. Canopy of dominant a. Over 90 (_
and codominant trees One of these 1 b. 75 to 90 2

b, Canopy of subdomi- Two of these 2 c. 50 to 74 3
nants d. Less than 50 4

c. Shrubs or boles of trees Three of these 3

d. Herbaceous vegetation, All of these (_
ground, or water 3. Number of outbreak years per cen-

• tury (number of outbreaks x typical dura-
4. Usual number of years present per tion of outbreaks in years)"

I decade in at least moderate numbers a. Less than 10 1
i (more than 10,000 per acre)- b. 11 to 20 2

a. Less than 3 _ c. 21 to 30 3
I b. 3 to 5 (_ d. Over 30 (_

c. 6to8 1½
d. Over 8 2

I

! 5. Forest area occupied by at least 4. Usual size of outbreak area, or area
y moderate numbers in any one year otherwise occupied (acres)"

(acres)" a. Less than 500,000 1

: b. 500,000 to 1 million 2
I a. Less than 500,000 ½ c. 1 to 3 million (_

I b. 500,000 to 2 million (_ d. Over 3 million 4
•c. 2 to 4 million 1½

I d. Over 4 million 2

Multiply scores of items 1 and 2. Add scores
of 4 and 5. Multiply score of item 3 by sum of Multiply scores of items 1 and 2. Multiply

I scores for items 4 and 5. Add products. Hold scores of items 3 and 4. Add products. Hol'd
sum as partial score. Further scoring instructions sum as partial score. Go to final scoring instruc-
appear at end of Part 3. tions below.

t • .

] 4×2=8. 1+1=2. 4×2=8. 8+2+8=18. 4X1=4. 4X3--12. 4+12=16.
I

L
i ' C. Disruption of Habitat Final score for Part 3" If insect unit being
[ evaluated is parasitic, add scores from categories

Score A and B and divide by 6. If not parasitic, add
1. Position of host plants in habitat: scores from B and C and divide by 6. Record

a. Subdominant 1 sum as score for Part 3 and go to Part 4: Water.
b. Codominant 2
c. Dominant 3

d. More than one of above (_ 18 + 16----34. 34-- 6-- 5.7.

• 6



" PART 4: WATER

Insects may alter conditions that affect run-
off, nutrient concentration, and evapotranspira-
tion in forests. Frequency of floods resulting
from rainfall during the growing season is a key
hydrologic factor in evaluating insect impact on

i_ forest watersheds. This part is therefore divided
into two categories" one for low flood frequency
zones and one for high flood frequency zones

._ (fig. 1). Each insect unit is to be evaluated in
both categories on the basis of its geographic
distribution in each zone. .

Score

High Low
flood flood

frequency frequency

1. Size of area affected
during outbreak or other
infestation period (acres)"

a. Less than 100,000 (_ 1 Figure 1.-Zones of the north-central region
b. 100,000 to 500,000 3 3 having frequent severe floods. The shaded
c. 500,000 to I million 5 5 portions represent l O-year frequency flood

d. More than 1 million 10 (_ twice normal annual flood. Generalized by D.H. Urie after U. S. Geological Survey Water
Supply Papers 1675-1678 and 1680.

2. Recovery of host
plants from defoliation or

other damage: Make the following computations separately

a. Refoliates same year (_) (_ for each flood frequency" Multiply scores of
b. Does not refoliate items 2 and 3. Multiply scores of items 2 and 4.

same year 1 ½ Add the two products. Multiply sum by score
of item 1. Divide this product by 15. Add the
quotients thus obtained for each flood frequency.

3. Usual percent of The sum is the total score for Part 4.
host defoliation during out-
breaks or other periods"

• High: 1_ ×10=5. _ ×3=1_. 5+ 1_=61_.
a. Less than 20 2 10 61_ X 1 = 6_. 6_ -- 15 = 0.4.
b. 20 to 39 4 8
c. 40 to59 6 6

t d. 60 to 80 8 4 Low: 1 X2=2. 1 X3=3. 2+3=5. 5 × 10--50.
e. More than 80 (_ (_ 50 -- 15 = 3.3. 0.4 + 3.3 -- 3.7.

4. Typical duration of

outbreak or other infesta- Compute grand score for the unit by adding
tion period (years)" the total scores from each of the four parts

of the scheme.a. Less than 2 1 1

b. 2to4 (_ (_
c. Over 4 5 5 4.6 + 3.3 + 5.7 + 3.7 -- 17.3

7



We have scored and ranked some prominent considered in the scheme. Also, a particular
insects of north-central forests (table 3). Final mulitple-use value may be weighted according
scores have meaning only relative to other to the user's choosing. We believe that the sys-
insects. The user may temper his evaluation tern results in a better perspective of insects as
of the scores with additional knowledge not important elements of forest ecosystems.

Table 3.-Some insects of north-central forests in descending
order of their scores on the evaluation scheme 1

: Score

Insect unit : Timber : Recrea-: Wild- : Water " Total
: .... : tlon : life : .

Forest tent caterpillar
(Malacosoma disstria) 4.6 3.3 5.7 3.7 17.3

Spruce budworm
(Choristoneura fumlferana) 5.8 3.2 4.7 1.5 15.2

.Aedes mosquitoes
(Aedes spp. ) 0 7.5 5.1 0 12.6

Larch sawfly
(Prlstlphora .e.r$.chsonll) 3.4 2.4 4.9 .8 II. 5

Maple bud miners
(Proteoteras moffatlana &
Obrussa ochrefasciella) 7.4 1.3 1.9 0 10.6

Poplar borer
I _ calcarata) 4.2 3.3 2.5 .6 10.6

• Deerflles

(Chrysovs spp. ) 0 7.5 3.0 0 10.5
Jack-pine budworm

. (Chorlstoneura_ 3.2 2.3 4.0 .7 I0.2
Pine tussock moth

(Dasych!ra pla_iata) 4.8 1.6 3.0 .2 9.6
Large aspen tortrlx

(Chorlstoneuraconflictana) 2.0 1.7 2.5 .6 6.8
Pineengraver

pini) 1.4 3.3 1.3 .2 6.2
Hemlock looper

(Lambdina fiscellaria) 1.2 .6 3.6 .7 6.1
Walkings tick

(Diapheromera femorata) 1.6 .7 3.3 .4 6.0
Red-pine cone beetle

(Conovhthorus res inosae) 2.0 0 .9 0 2.9

1-/Much basic information used for evaluating some of these insects
is assembled in the following unpublished file report: Batzer, H. O.
A problem analysis for research on the ecology of defollatlng insects
of natural forest stands in the north-central States. 40 p. 1967.
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ABOUT THE FOREST SERVICE...

As our Nation grows, people expect and need more from their forests- more
wood; more water, fish, and wildlife; more recreation and natural beauty; more
special forest products and forage. The Forest Service of the U.S. Department
of Agriculture helps to fulfill these expectations and needs through three major
activities"

• Conducting forest and range research at over
75 locations ranging from Puerto Rico to
Alaska to Hawaii.

o. Participating with all State forestry agencies
in cooperative programs to protect, improve,
and wisely use our Country's 395 million acres
of State, local, and private forest lands.

• Managing and protecting the 187-million acre
National Forest System.

The Forest Service does this by encouraging use of the new knowledge that
research scientists develop; by setting an example in managing, under sustained
yield, the National Forests and Grasslands for multiple use purposes; and by
cooperating with all States and with private citizens in their efforts to achieve
better management, protection, and use of forest resources.

Traditionally, Forest Service people have been active members of the commu-
nities and towns in which they live and work. They strive to secure for all,
continuous benefits from the Country's forest resources.

For more than 60 years, the Forest Service has been serving the Nation as a
leading natural resource conservation agency.


