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IMPACT OF THE SPRUCE BUDWORM (LEPIDOPTERA: 

TORTRICIDAE) ON THE OTTAWA AND HIAWATHA 


NATIONAL FORESTS, 197&-1980 


Thomas P. Mog,1 Ann M. Lynch,2 and 1. A. Witter2 

ABSTRACT 

The Michigan Impact Plot System was established during 1978 and 1979 to obtain a data 
base for quantifying the impact of the spruce budworm in the Ottawa and Hiawatha National 
Forests. The formulae used to estimate the mean, total, and associated standard errors of 
the various parameters at the national forest and forest district levels are presented. We 
present the 1978, 1979, and 1980 impact data for the following parameters; percent mortality, 
total dead volume. dead volume per ha, live volume per ha, defoliation ranking, frequency 
and extent of top-kill, and incidence of spruce budworm feeding on saplings and regenera
tion. Statistics from an annual inventory of 108 composite ground sampling units (CGSU) in 
1978, and 136 CGSU's in 1979 and 1980 provide a more precise estimate of the impact of the 
spruce budworm in Michigan's Upper Peninsula than ha~ been available to date. 

The spruce budworm, Choristoneurafumiferana (Clemens), is the most important insect 
pest in North American spruce-fir forests and is found throughout the northern boreal forest. 
The present outbreak covers over 60 million ha of spruce-fir forests with losses in 1978 
estimated at 283 million m' (Witter 1981). The current spruce budworm outbreak in the Lake 
States began in the 1960's. Mortality of balsam fir was first reported in 1971 (Hastings and 
Mosher 1976) in the eastern part of Michigan's Upper Peninsula. Currently, most of the 
spruce-fir stands in the Upper Peninsula are under attack. Damage in individual stands 
varies from light defoliation to nearly complete stand mortality. Little information is avail
able on the impact of the spruce budworm in Michigan. Therefore, the Michigan Impact Plot 
System was established in 1978 and 1979 (Mog and Witter 1979). This seven-year study wa~ 
designed to annually assess and evaluate tree mortality and growth impact on spruce-fir 
stands within the Ottawa and Hiawatha National Forests (N.F.) in the Upper Peninsula of 
Michigan. The third year of data collection for the Michigan Impact Plot System was com
pleted in 1980. This paper documents the budworm impact data for the years 1978, 1979, and 
1980. 

METHODS 

Mog and Witter (1979) and Witter and Mog (1981) described the sampling units being used 
in the Michigan Impact Plot System as; (I) primary sampling unit (PSU), a forest compart
ment: 12) secondary sampling unit (SSU), a spruce-fir stand; and (3) tertiary sampling unit 
ITSCI, circular plots of various radii. The PSU's and SSU's were weighted according to 
their area of spruce-fir and then selected at random from each national forest. A SSU was 
diyided approximately in half, and a composite ground sampling unit was located within 
each half of the stand. Composite ground sampling unit refers to three concentric circular 
plots nested around a single fixed plot center. A TSU is one of the three circular plots of 
0.0:::. 0.04, and 0,08 ha which were established around the plot center. The particular plot 
size used depended on the parameter being measured or evaluated. This sampling scheme is 

!The {}3\<!! T:-ee EXp<!:l: Kent. OH .j..\2.J{). 
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an adaptation of a multi-stage cluster sampling technique (Schumacher and Chapman 1954, 
Yamame 1967, Sukhatme and Sukhatme 1970). 

The Michigan Impact Plot System of 136 composite ground sampling units was established 
on the Ottawa and Hiawatha N .F. 's in Michigan's Upper Peninsula (Figs. 1-3). One hundred 
eight ground sampling units were established and evaluated in 1978. During 1979, an addi
tional 28 composite ground sampling units were established, and 136 evaluated. Mog (1981) 
reported that an additional 28 composite ground sampling units were added to the Michigan 

MICHIGAN'S UPPER PENINSULA 

HIAWATHA NATIONAL FOREST 

OTTA W A NATIONAL 

FOREST 
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n 

Fig. I. Location of the Ottawa and Hiawatha National Forests in Michigan's Upper Peninsula. 
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Fig. 2. Location of compartments sampled and compartments meeting criteria in the Ottawa National 
Forest. 
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3. Location of compartments sampled and compartments meeting criteria in the Hiawatha National 

Impact Plot System in 1979 because re-examination of inventory information obtained from 
the United States Forest Service showed that a few forest districts and a few specific species 
mixtures were under-represented in the 1978 sample. The number of composite ground 
sampling units in the Michigan Impact Plot System totaled 136 in 1979, but will vary slightly 
from year to year after 1980 because a few of the sampled stands will be harvested before the 
study is completed in 1984. Changes in sample size may alter the accuracy and interpretation 
of the estimates. A reduction in the number of ground sampling units will be more important 
when the variability of a given variable in a national forest or district is high and/or when the 
original sample size is small relative to the final sample size. We will comment on this 
sampling size issue when it appears to be important with various parameters. 

A description ofthe field techniques used to assess the impact of the spruce budworm was 
presented by Mog and Witter (1979). Statistics for the following parameters are presented in 
this paper: (I) percent mortality (0.04 hal, (2) total dead volume (0.08 hal, (3) dead volume 
per ha (0.08 hal, (4) live volume per ha (0.08 hal, (5) defoliation ranking (0.02 hal, (6) 
frequency and extent of top-kill (0.02 hal, (7) budworm feeding on saplings (0.02 hal, and (8) 
budworm feeding on regeneration (0.04 hal. The cluster sampling formulae presented in 
Table I were used to obtain the estimates for the first six parameters. The histograms for 
budworm feeding on saplings and regeneration were based on the total number of plots 
within the national forest. 

Tree H>lume (YI was determined by using the equation V 0.42 BH, with B = basal area 
of tree and H total tree height (GeYorkiantz and Olsen 1955). The tree heights entered into 
the equation were obtained from height curves. Separate curves for balsam fir, black spruce, 
and white spr1..I.:::e were drawn by pIorting rotal tree height vs DBH, by 2.54-cm classes, for 
every tree measured 00 the O.02-ha TSC's in both national forests. Additional white spruce 
trees from the O.08-ha TSL's were included to increase the white spruce data base. The total 
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Table 1. Equations used to estimate the mean, total, and associated standard errors for 
parameter of interest for national forests based on a three-stage cluster sample. 

MEAN 

1 L 1 ITlj Ilij 
flNF -2:,2: "LYijk

L i=i ITlj j=l IljJ k=l 

STANDARD ERROR OF THE MEAN 

LL 
L(L-l) 

TOTAL 

L ITlj I Ilij ~ TNF = RNF x (Area of spruce.fir) ~ L ~ L' -::- 2: llu'k x (Area of spruce.fir) 
in national forest ( L i= 1 ITlj j= 1 Ili.J k= I in national forest 

STANDARD ERROR OF THE TOTAL 

.. ~(R"'F) x (Area of spr~ce-fir) 2SETotal V' l' In natIOnal torest 

WHERE 

L L A A 

2: (~ RNF)2 + L V(~) 
i=1 I 

L(L--,I) LL 

L = no, of PSU's sampled in a national forest 
L no. of PSU's meeting compartment guideline in a national forest 

ITlj no. of SSU's sampled in the jth compartment 

Iljj no of TSU's sampled in the jth compartment of the Jh stand 
the value of the character of interest for the kth plot of the Jh stand of the jth com
partment 

Xijk = the TSU (plot) size; 0.02 ha, 0,04 ha, or 0.08 ha 

I'jjk Yijk/Xijk, e.g., cu m/ha 

Yijk 

ITlj I Ilij 

~ L 2: y"k mean of the jth compartment


n.· lJITlj j=i "J k=! 

~ f..I.i/Xijk = ratio of the jth compartment 
= mean per TSU for a national forest; e.g., cu m/0.08 ha 

RNF = estimate of the ratio for a national forest; e.g., eu m/ha 

TNF = estimate of the total for a national forest; e.g., cu m 

flNF 
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dead yolume parameter is an accumulation of all dead trees in a given year for the species 
concerned. including standing dead trees present at the time the study was initiated. 

The data for the various parameters are presented in table format at both the national 
forest and forest district leyels. The tables contain either an estimated total or average and 
the associated standard error. which is printed in parentheses below the estimate (see Tables 
2-161. Trends are discussed for the two national forests. Statistics at the forest district level 
are presented to support data for the national forests and to add greater detail to the trends 
detected at the national forest level. 

Variability among sampling units of samples involving different units of measurement 
and/or plot size can be compared".,ith the coefficient of variation of the mean (CVM) which 
expresses the standard error (SE) as a percentage of the estimated total or mean. Estimates 
based on a three-stage cluster sample are compared by tree species group and by national 
forest. The data are directly applicable to spruce-fir stands within the Ottawa and Hiawatha 
N.F:s. 

The descriptive statistics presented provide an appropriate estimate of spruce budworm 
impact in Michigan's Upper Peninsula from 1978-1980. However, caution should be used 
when making inferences about stands that are outside the national forests. 

RESULTS AND DISCUSSION 

We present and discuss spruce budworm impact data for 1978-1980 by national forests 
and forest districts for the following parameters: percent mortality, total dead volume, dead 
volume per ha, live volume per ha, defoliation ranking, frequency and extent of top-kill, and 
incidence of spruce budworm feeding on saplings and regeneration. 

Percent mortality. Mortality increased in 1979 and 1980 for balsam fir, white spruce, and 
black spruce in both national forests (Tables 2-4). The percent of dead fir in the Hiawatha 
N.F. in 1978, 1979, and 1980 was nearly double that of fir in the Ottawa N.F. In 1980, 
percent balsam fir mortality was approximately the same as white and black spruce mor
tality combined in the Ottawa N.F. and approximately twice that of white and black spruce 
combined in the Hiawatha N.F. 

Average percent fir mortality nearly doubled between 1978 and 1980 in all districts within 
the Ottawa N.F. except in the Bergland District which showed a six-fold increase. Percent 
fir mortality in 1980 was the greatest (22-26%) in the most western and northern districts 
(Bessemer, Watersmeet, Ontonagon, Bergland) where this outbreak first started in the 
western Upper Peninsula (Hastings and Renlund 1976). Percent fir mortality also had 

Table 2. Average estimated percent mortality and (SE) of balsam fir, white spruce, and black 
spruce on the national forests. 

Ottawa Hiawatha 

BF WS BS BF WS BS 

1978 10.3 4.1 7.4 19.5 3.9 3.5 
(2.3) (2.5) (2.3) (8.5) (2.6) 0.8) 

1979 12.3 7.6 9.9 28.5 6.8 9.9 
(2.6) (2.71 (2.1) (7.9) (3.4) (5.8) 

1980 1B.4 B.O 13.3 35.1 9.2 12.1 
(3.4) (2.B) !3.5) (8.7) (3.7) (6.2) 



Table 3. Average estimated percent mortality and (SE) of balsam fir, white spruce, and black spruce on the six 0"

districts within the Ottawa National Forest. 

BF WS 8S BF WS BS 
- ------------- --------- --------------------------------------------_. 

Watersmeet Iron River 
---------------------- ... _------ --------------------~------ -_. 

1978 10.9 1.9 9.4 3.9 10.5 8.0 
(3.0) ( 1 .8) (3.9) (2.0) (8.3) (3.6) 

1979 16.1 12.0 8.6 4.9 12.2 11 .4 >-l 
t:I::(6. 1 ) (6.8) (3.4) ( 1 .4) (6 6) (2.8) tT1 
Cl

1980 24.5 12.0 9.4 8.9 13. 1 14.5 ::tJ 
(8 2) (6.8) (3.7) (3. 1 ) (7.1) (3.6) tT1 

>
>-l 

Bessemer Bergland r 
-------- --------- - .... ------- > 

~1978 17.2 0.0 1. :2 3.8 0.0 0.0 tT1 
(6.4) (0.0) ( 1. 1) (0.8) (0.0) (0.0) (/J 

tT1 
Z1979 19.3 0.5 1 .2 17.5 7 8 0.0 .... 

(6.8) (0.5) ( 1. 1) (12.0) (7.5) (0.0) ds:: 
01980 25.8 1.0 1.2 22.4 7.8 0.0 r 

(8.5) (0.9) ( 1. 1) ( 13.2) (7.5) (0.0) 0 
Cl 
enOntonagon Kenton >-l 

---------- ---------- ------------- -----_ ... ---
1978 14.8 5.0 o 0 3.5 0.0 0.0 

(11.8) (5.0) (0.0) (0.6) (00) (0.0) 

<1979 15.4 5.0 0.0 2.8 0.0 25.0 ?(12.5) (5.0) (0.0) ( 1 .4) (0.0) (0.0) 
~ 

1980 24.8 5.0 0.0 6.6 0.0 50.0 Z 
(18.4) (5.0) (0.0) (0.9) (0.0) (0.0) ? 



-------------------------------- ------------------------------

--------------------------------

Table 4. Average estimated percent mortality and (SE) of balsam fir, white spruce, and black sprucc Oil Ihe live 
~ districts within the Hiawatha National Forest. IJ 

BF WS BS BF WS BS 

Rapid River St. Ignace 

1978 3.4 0.0 3.3 25.8 4.2 10.4 
( 1 .3) (0.0) (3.2) (5.8) (4.2) (1.3) 

...,
1979 5.5 0.0 3.3 44.4 12.0 10.4 :r:(2.2) (0.0) (3.2) (8.4) (6.9) ( 1. 3) tTl 

i980 8.7 1.6 10.0 53.8 14.1 10.4 
(2.8) ( 1 .6) (9.7) (8.5) (8.1) (1.3) ~ 

)..., 
Sault Ste. Marie Manistique t""' 

-------------------------------- ------------------------------ )
~ 

1978 94.8 22.9 4.2 7.1 0.0 0.0 tTl 
(0.8) (2.7) ( 1 .2) ( 1 .8) (0.0) (0.0) [/J 

tTl 
Z...,i979 81.1 13.2 34.4 3.6 0.0 0.0 

(13.6) (12.1) (21.3) (3.3) (0.0) (0.0) 0 
~ 
0

1980 93.1 19.5 34.4 8.7 0.0 0.0 t""' 
0(4.8) (7.0) (21.3) (5.5) (0.0) (0.0) Cl 
'""' ...,Munising 
[/J 

1978 1.6 0.0 0.0 
(0.6) (0.0) (0.0) 

1979 1.6 0.0 0.0 
(0.6) (0.0) (0.0) 

1980 2.1 0.0 0.0 
(0.7) (0.0) (0.0) 

-.I 
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doubled between 1978 and 1980 in the eastern-most districts of the Ottawa N.F. (Iron River, 
Kenton), but was under 10%. 

Percent fir mortality in the Hiawatha N.F. in 1980 was extremely high in the eastern 
portion of this National Forest (Sault Ste. Marie District, 93%; St. Ignace District, 54%) 
where the outbreak started. Fir mortality was under 10% in the three western districts 
(Munising, Rapid River, Manistique) in 1980. The decrease in the estimated percent mor
tality of balsam fir between 1978 and 1979 in the Sault Ste. Marie and Manistique districts 
was due to adding sampling units with lower mortality to existing units with higher mortality. 

Elliott (1960) found that tree mortality begins after four consecutive years of defoliation 
and that 100% mortality of balsam fir occurred after 11 successive years of feeding. Another 
Canadian study reported the beginning of balsam fir mortality after 5-8 years of continuous 
heavy defoliation (Morris 1963). MacLean (1980) reviewed the work of eight studies in 
eastern North America on the vulnerability of spruce-fir stand to the budworm and reported 
that mature stands suffered mortality ranging from 70 to 100%, while mortality in immature 
stands ranged from 30 to 700/0. 

Total dead volume. The estimated total dead volume and standard error of balsam fir in 
1980 in the Ottawa and Hiawatha N.F.'s was 287,987 47,290 and 341.509 ± 80,656 mS, 

respectively (Table 5). The coefficient of variation of the mean for balsam fir total dead 
volume was 25.0 (1978),20.4 (1979), 16.4% (1980) and 38.6 (1978),26.0 (1979). 23.6% (1980) 
for the Ottawa and Hiawatha N.F.' s, respectively. The coefficient of variation of the mean 
was consistently larger for the Hiawatha N.F. estimates, possibly due to fewer sampling 
units being located there. 

Total dead volume of balsam fir, white spruce, and black spruce increased in both forests 
from 1978-1980. In 1980 total dead volume of fir was six times greater than that of spruce 
and at least nine times greater than that of either white or black spruce. Dead volume of 
white spruce was 1.5 times larger than that of black spruce. Total dead volume in the 
Hiawatha N.F. was greater than that in the OttawaN.F. even though the Hiawatha N.F. had 
considerably less area of spruce-fir type, 13,000 vs 23,094 ha. 

Two forest districts in the Ottawa N .F. had noticeably mory total dead volume of spruce 
(Table 6), especially black spruce, than the other four districts. However, these stands also 
had considerably more live volume of spruce than any of the other districts. In 1980 the total 
volume of dead fir was approximately four times greater than that of spruce on plots in the 
Watersmeet District. Tree mortality was almost equally distributed between fir and spruce 
on plots in the Iron River District. Nevertheless, the trends for the two national forests and 
most forest districts agree with well-established patterns which show considerably less 
mortality of white and black spruce than that of balsam fir in mixed stands (Swaine and 
Craighead 1924, Turner 1952, Batzer 1973). 

Table 5. Estimated total dead volume (m ") and (SE) of balsam fir, white spruce, and black 
spruce on the national forests. 

Ottawa Hiawatha 
-~----~----------------------

BF WS BS BF WS BS 
------------------------------------------~--------------

1978 167983 15422 18045 154102 3880 4200 
(41960) (11256) (7663) (59413 ) (2686) (2346) 

1979 198392 26384 22968 259753 16389 5778 
(40516) (11834) (7981) (67589) (8944) (2598) 

1980 287987 34997 34358 341509 26458 6903 
(47290) (16790) (10194) (80656) (14196) (2912) 



Table 6. Estimated total dead volume (m") and (SE) of balsam fir, white spruce, and black spruce on the six 
~districts within the Ottawa National Forest. I" 

BF WS BS BF WS as 
------------------- ------------ -------------~--------

Watersmeet Iron River 
--- ---- ---------------------- ----------- ----------- ----

1978 34559 1354 6622 28942 14458 8375 
(6607) ( 1323) (3027) (12901) (12510) (6748) 

1979 44523 1729 9310 27657 17069 10152 ..oj 

( 9387) ( 1494 ) (4286) (9755) (10039) (4960) ::t1 
ttl 

1980 67623 1756 13017 48619 23481 15904 " (14471) ( 1521) (5682) (11182) (14584) (5416) ~ 
~ 

1978 

Bessemer 
------- -------------------------

45664 000 785 
(26493) (000) (785) 

Bergland 
---------------------------- -

3200 000 000 
(488) (000) (000) 

t"' 
>
'" ttl 
Vl 

ttl 
1979 54304 

(27852) 
651 

(651) 
785 

(785) 
24175 

( 17713) 
3027 

(2887) 
000 

(000) 
Z 
..oj 
0 
is: 

1980 67896 
(31612) 

1305 
(1305) 

978 
(978) 

30217 
( 19628) 

3901 
(3604 ) 

000 
(000) 

0 
t"' 
0 

"..... 
---- -----

Ontonagon 
--------------------- -------

Kenton 
-----------------------

Vl 
..oj 

1978 20935 695 000 7722 000 000 
(14689) (695) (000) ( 1287) (000) (000) 

1979 26460 2594 000 10828 000 588 
( 16103) (2594) (000) (3725) (000) (588) 

1980 40283 2742 000 20935 000 1784 
(20298) (2742) (000) (3072) (000) (1784) 

\0 



Table 7. Estimated total dead volume (m3 ) and (SE) of balsam fir, white spruce, and black spruce on the five <5 
districts within the Hiawatha National Forest. 

BF W5 B5 BF W5 B5 

1978 

Rap1d River 
--~--------------------------------

9387 000 840 
( 1756) (000) (761) 

St. Ignace 
-------------------------

75220 790 870 
(19657) (735) (831) 

1979 20452 
(4962) 

000 
(000) 

839 
(760) 

130701 
(29819) 

11431 
(7906) 

652 
(613) 

>-l
:r: 
l'T'l 

1980 35444 
(9442) 

1227 
(1227) 

1227 
(1131) 

174083 
(31250) 

18886 
(12682) 

652 
(613) ~ 

~ 

1978 

1979 

1980 

Sault Ste. Marie 
-------- --------------

115809 5375 4299 
(3550) (901 ) ( 1015) 

118064 5063 3370 
( 2981) (2046) ( 2621) 

140413 6302 3618 
(9744) ( 1360) (2860) 

Manistique 
----------------------------

696 000 000 
(246) (000) (000) 

2435 000 1319 
(1633) (000) ( 1194 ) 

4587 000 1788 
(2654) (000) (1263) 

!:g; 
VJ 

l'T'l 

~ 
6 
~ 

-----------
MuniSing VJ 

>-l 

1978 2223 
( 1071 ) 

157 
( 111) 

000 
(000) 

1979 2944 
(885) 

160 
( 113) 

000 
(000) ~ 

1980 3709 
(1200) 

160 
( 113) 

000 
(000) 

~ 
Z 
? 
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The total accumulated dead volume of balsam fir estimated in the Ottawa and Hiawatha 
~ational Forests in 1980 was 629.496 ::t: 127,946 rna. The estimated total accumulated dead 
volume of spruce was 102,716 44,092 rna (Table 5). The ratio of white spruce to black 
spruce total dead volume was approximately I: I and 4: I for the Ottawa and Hiawatha 
X.F. '5. respectively. The relatively large volume of dead black spruce on plots in the Ottawa 
~.F. may in part be attributable to site condition and not completely due to budworm 
feeding. 

Total dead volume of balsam fir. white spruce. and black spruce all nearly doubled between 
1978 and 1980 in both national forests except for white spruce in the Hiawatha N.F. which 
showed a seven-fold increase (Tables 5-7). Most of the increase in total dead volume of 
white spruce for the Hiawatha N.F. was due to a 24-fold increase in total dead volume for 
the St. Ignace District. 

Dead volume per ba. Dead volume per ha of balsam fir. white spruce, and black spruce for 
the national forests and districts for 1978---1980 is shown in Tables 8---10. The 1980 dead 
volume and standard error of balsam fir, white spruce, and black spruce in m"/ha for the 
Ottawa and Hiawatha N .F.'s was 12.5 2.0, 1.5 ::t: 0.7, 1.5 ::t: 0.4 and 26.3 ::t: 6.2,2.0::t: 1.1, 
0.5 0.2, respectively. The Hiawatha N .F. estimate of balsam fir dead volume is double the 
Ottawa N.F. estimate, which is consistent with the monality figures noted earlier. 

Live volume per ba. Estimated live volume per ha of balsam fir, white spruce, and black 
spruce is presented in Tables 11-13. Loss of growing-stock is most evident for the fir 
component in the Hiawatha N.F. The loss in fir growing-stock volume, between 1978 and 
1980 in the Hiawatha N.F. was 10.0 ma/ha, an 18.7% reduction. The live volume per ha of 
balsam fir on the Ottawa plots was virtually unchanged over the same two-year period (e.g., 
43. I ± 4.0 m3/ha in 1980). The coefficient of variation of the mean for balsam fir live volume 
was 8.4 (1978), 8.7 (1979), and 9.3% (1980) and 23.6 (1978), 21.3 (1979), 24.2% (1980) for the 
Ottawa and Hiawatha N.F .'5, respectively. Again, the coefficient of variation was larger for 
the Hiawatha N .F. estimates. 

White spruce growing-stock volume increased in the Ottawa N.F. but decreased slightly 
in the Hiawatha N.F. The average annual change in live volume of white spruce was 1.5 and 
-0:2 m3/ha in the Ottawa and Hiawatha N.F.'s, respectively. Growing-stock volume of 
black spruce increased annually at 0.2 and 0.7 ma/ha in the Ottawa and Hiawatha N.F.'s. 
respectively. The loss of live balsam fir volume/ha in the Hiawatha N. F. was approximately 
ten times larger than the gain in live spruce volume, 

There were large increases in the estimated volume per ha of white spruce in Bergland and 
Kenton districts; and of balsam fir in Kenton (Table 12), Sault Ste. Marie, and Manistique 
districts (Table 13) between 1978 and 1979. This increase was not the result of exceptional 

Table 8. Average estimated dead volume (m3jha) and (SE) of balsam fir. white spruce, and 
black spruce on the national forests. 

Ottawa Hiawatha 

BF WS BS BF WS BS 

1978 7.3 0.7 0.8 11.9 0.3 0.3 
(1.8) (0.5) (0.3) (4.6) (0.2) (0.2) 

1979 8.6 1.1 1.0 20.0 1.3 0.4 
(1.8 ) (0.5) (0.3) (5.2) (0.71 (0.2) 

1980 12.5 1.5 1.5 26.3 2.0 0.5 
(2.0) (0.7) (0.4) (6.2 ) (1.1) (0.2) 



------- ------------

----------------------- ----------------------------- -

Table 9. Average estimated dead volume (m3/ha) and (SE) of balsam fir, white spruce, and black spruce on the six 'v
districts within the Ottawa National Forest. 

BF WS BS BF WS BS 
----------------~----------~------------------

Watersmeet Iron River 

1978 7.4 0.3 1.4 4.7 2.3 1.4 
( 1 .4) (0.3) (0.6) (2. 1 ) (2.0) ( 1. 1) 

--l1979 9.5 0.4 2.0 4.5 2.8 1.6 :r:(2.0) (0.3) (0.9) ( 1 .6) ( 1 .6) (0.8) tTl 
0

1980 14.5 0.4 2.8 7.8 3.8 2.6 
(3. 1 ) (0.3) ( 1 .2) ( 1 .8) (2.4) (0.9) " tTl 

~ 
Bessemer Bergland r 

-------------------------------- ------------------------------- ;J;
~1978 11 .7 0.0 0.2 1.5 0.0 0.0 tTl 

(6.8) (0.0) (0.2) (0.2) (0.0) (0.0) (IJ 

1979 14.0 0.2 0.2 11. 1 1.4 0.0 ~ 
(7.2) (0.2) (0.2) (8.2) ( 1. 3) (0.0) 0 

~ 
01980 17.5 0.3 0.3 13.9 1.8 0.0 r 

(8.1) (0.3) (0.3) (9.0) ( 1 .7) (0.0) 0 
0 
(j)

Ontonagon Kenton --l 
-------------- ---------------- ~------------------------------

1978 B.B 0.3 0.0 2.0 0.0 0.0 
(6.2) (0.3) (0.0) (0.3) (0.0) (0.0) 

<1979 11. 1 1.1 0.0 2.9 0.0 0.2 !2(6.8) ( 1. 1) (0.0) ( 1 .0) (0.0) (0.2) 
V; 

1980 16.9 1.2 0.0 5.6 0.0 0.5 Z 
(8.5) ( 1 . 2 ) (0.0) (0.8) (0.0) (0.5) ? 



----------- ------------- ----------- ----------

--------------------------------

Tahle 10. Average estimated dead volume (m"/ha) and (SE) of balsam fir, white spruce, and black SIlI'llCC on Ihe 

live districts within the Hiawatha National Forest. ~ 


IJ 

BF INS BS 

Rapid R1ver 

1978 2.2 0.0 0.2 
(0.4) (0.0) (0.2) 

1979 4.9 0.0 0.2 
( 1. 2) (0.0) (0.2) 

1980 8.4 0.3 0.3 
(2.3) (0.3) (0.3) 

Sault Ste. Marie 

1978 46.9 2.2 1.7 
( 1 .4) (0.4) (0.4) 

1979 47.8 2.0 1.4 
(1.2) (0.8) ( 1. 1) 

1980 56.8 2.6 1.5 
(3.9) 	 (0.6) ( 1 .2) 

Mun1sing
---'------- ------------

1978 2.6 0.2 0.0 
( 1 .2) (0. 1 ) (0.0) 

1979 3.4 0.2 0.0 
( 1 .0) (0. 1 ) (0.0) 

1980 4.3 0.2 0.0 
( 1 .4) (0. 1 ) (0.0) 

BF INS BS 

St. Ignace 

19.9 0.2 0.2 
(5.2) (0.2) (0.2) 

34.6 3.0 0.2 >-l 
(7.9) (2.1) (0.2) 	 ::t: 

tTi 
046.1 5.0 0.2 

(8.3) (3.4) (0.2) 	 g; 
~ Manistique t""' 

------~--------------~---------	 >
0.4 0.0 0.0 	 @

(0.1) 	 (0.0) (0.0) Vl 
tTi 

1 .4 0.0 0.8 	 Z 
( 1 .0) (0.0) (0.7) 25 

s::: 
2.7 0.0 1.1 	 g

( 1 .6) (0.0) (0.7) 0 
9 
~ 

,..... 
...... 
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Table t L Average estimated live volume (m,l/ha) and (SE) of balsam fir, white spruce, and 
black spruce on the national forests. 

Ottawa Hiawatha 

BF ws BS BF WS BS 

1978 41.B 11.4 9.0 53.4 10.8 7.5 
(3.5) (3.1) ( 2.5) (12.6) (3.1) (3.3) 

1979 44.8 14.3 9.5 47.4 10.9 8.6 
(3.9) (2.8) (2.4) (10.1) (2.7) (3.0) 

1980 43.1 14.4 9.4 43.4 10.4 8.9 
(4.0) ( 2.8) (2.4) (10.5) (:2.6 ) (3.1 ) 

tree growth but was largely a result of adding sampling units with higher live fir or spruce 
volume per ha to the Michigan Impact Plot System in 1979. 

Defoliation ranking. The average defoliation rankings for balsam fir, white spruce, or 
black spruce were similar in the two national forests. The mean defoliation ranking for 
balsam fir and for white spruce increased between 1978 and 1980 (Tables 14-16). The annual 
increase in the average defoliation ranking of balsam fir in the Ottawa N,F, was twice that of 
the fir in the Hiawatha N.F. The mean defoliation ranking for white spruce in both forests 
was basically unchanged between 1978 and 1979, but there was a moderate increase between 
1979 and 1980. The ranking of black spruce increased between 1978 and 1979 and decreased 
between 1979 and 1980 (Tables 14-16). The increase (0.8) in the average defoliation ranking 
of black spruce between 1978 and 1979 was twice the decrease (0.4) in rank between 1979 
and 1980 for the Ottawa N.F, sample. There was a similar trend for black spruce in the 
Hiawatha N.F. 

The large increases in the average defoliation ranking of balsam fir on plots in the Iron 
River and Kenton districts (Table 15) are not due to the inclusion of new sampling units in 
1979. Between 1978 to 1980 the mean defoliation ranking increased from 1.9 (20-50% de
foliation) to 3.1 (50% or more defoliation with no top-kill) and from L5 to 2.8 for balsam fir 
on the Iron River and Kenton districts, respectively. The data were examined carefully and 
accurately reflect the large increases in spruce budworm larvae seen in stands within these 
two districts. 

There were small differences in the average defoliation ranking for white and black spruce 
between the years 1978, 1979, and 1980. However, a mean defoliation ranking of 2.7 for 
balsam fir and 1.9 for spruce in 1980 is meaningful and parallels the pattern of greater 
mortality and growth loss exhibited by balsam fir in both national forests. 

Frequency and extent of top-kill. The frequency of top-kill for balsam fir from 1978 to 1980 
in the Ottawa and Hiawatha N.F.'s was 8.9, 10.7, 20.0%, and 17.1, 19.2, 21.2%, re
spectively. The frequency of top-kill for white spruce from 1978 to 1980 in the Ottawa and 
Hiawatha N.F.'s was 4.6, 2.7, 1.7% and 6.2, 6.2, 2.9%, respectively. Top-kill occurred in 
black spruce, but it was very low except for the Ottawa N.F. where it averaged ca2.1% each 
year. 

The extent of top-kill within an individual tree can be expressed as average dead crown 
length. The average length of dead crown for balsam fir in the Ottawa and Hiawatha N.F.'s 
during 1978-1980 was 1.7 ± 0.3, 1.2 0.1, and 1.5 ± 0.1 m; and 1.5 ± 0.3, 0.8 ± 0.1, and 1.2 
± 0.2 m, respectively. The average length of dead crown for wllite spruce in the Ottawa and 
Hiawatha N.F.'s during 1978-1980 was 1.6 ± 0.4,0.6 0.3, and 0.6 ± 0.1 m; and 1.8 ± 0.2, 
0.8 0.4, and 0.3 ± 0.3 m, respectively. 



..l 

Table 12. Average estimated live volume (rna/hal and (SE) ofbalsanl fir. white spruce, and black spruce on the six 
districts within the Ottawa National Forest. 01l 

BF WS BS BF WS BS 
--------------~--------------------------------------- -------------------------

Watersmeet Iron River 
-------_ ... _.... - .... ------------ ------- --------_ _

1978 37.5 5.4 15.5 44.1 15.0 14.8 
(6.5) (2.0) (3 8) (6.5) (3.0 ) (6.8) 

1979 38.1 5.5 15.7 45.8 19.5 17 .0 >-l 
(6.6) ( 1 .9) (3.6) (5.4) (3.9) (5.8) :r: 

tTl 
C'l1980 35.8 5.8 15.6 44.8 19.1 16.6 ::t' 

(7.2) ( 1. 9) (3.5) (5.1) (4.0) (5.8) tTl 
)
>-l 

Bessemer Bergland t'"' 
----------- - -------- ------------- ---_ ... _------ )

~1978 33.4 17 .0 4.3 50:9 2.4 0.0 tTl
(6.8) ( 10.9) (3.6) (3.5) (0.5) (0.0) CIl 

tTl 
1979 32.1 20.4 4.4 42.3 9.7 0.0 Z 

(6. 1 ) ( 10.6) (3.7) (12.1) (6.6) (0.0) d 
:s:: 

1980 29.9 20.8 4.4 41.9 9.7 0.0 0 
t'"'

(6.0 ) (10.8) (3.7) (12.5) (6.5) (0.0) 0 
C'l ...... 
CIlOntonagon Kenton >-l-_ _---.... 

-----~-------------------~--- -----------
1978 53.0 18.2 0.0 57.2 0.5 0.0 

(15.4) (14.5) (0.0) (2.5) (0.1) (0.0) 

1979 57.2 20.1 0.0 74.3 7.6 1 .4 
(20.6) (13.1) (0.0) (15.9) (7.0) ( 1 .4) 

1980 53.3 20.0 0.0 73.2 7.8 1.1 
(23.9) (12.9) (0.0) (14.7) (7.2) ( 1. 1) 

V; 



Table 13. Average estimated live volume (rna Jha) and (SE) of balsam fir, white spruce, and black spruce on the five 0: 
districts within the Hiawatha National Forest. 

BF WS BS BF WS BS 

Rapid River St. Ignace 
------------------------

1978 74.1 12.5 1.9 45.2 5.2 4.7 
(22.9) (5.0) ( 1 .0) (12.2) ( 1 .5) (4.4) 

1979 73.8 12.8 1.9 34.6 8.6 3.6 ~ (23.2) (5. 1) ( 1 .0) (9.3) (3.6) (3.3) tTJ 

1980 73.2 
(22.6) 

12.7 
(4.8) 

1.9 
( 1 .0) 

24.6 
(5.8) 

7.3 
(2.5) 

3.6 
(3.4) 

~ 
tTJ 

~ 
Sault Ste. Mar1e Manistique r 

---------------- -------- ~ 1978 6.8 
(0.6) 

10.7 
( 1 .9) 

23.0 
(5.2) 

2.9 
(0.7) 

0.0 
(0.0) 

29 3 
(5.0) 

tTl 
(n 

:r1 

1979 11.8 11.3 16.2 32.1 0.0 28.3 
(4.7) (2.2) (7.1) (25.5) (0.0) (5.9) ~ 

1980 3.5 
(2.3) 

10.8 
(2. 1 ) 

16.3 
(7.1) 

32.9 
(26.2) 

0.0 
(0.0) 

29.9 
(6. 1 ) § 

Munising ~ 
-----------------

1978 92.0 31.3 1 . 1 
(7 1) (7.6) (0.8) 

1979 94.9 32.8 1.2 
<: 
~ (6.5) (8.0) (0.8) p; 

1980 99.8 33.7 1 .2 z 
(6.8) (8.2) (0.8) ~ 
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Table 14. Average estimated defoliation ranking and (SE) of balsam fir, white spruce, and 
black spruce on the national forest. 

Ottawa Hiawatha 

BF WS BS BF WS BS 

1978 2.1 1.9 1.3 2.3 2.0 1.3 
(O.l ) (O.2 ) (O.l ) (O. 2) (O. 3) (O.1) 

1979 2.4 2.1 2.1 2.4 2.0 1.8 
(0.1) (0.1 ) (0.1) (0.2) (0.2) (O.2) 

1980 2.7 2.4 1.7 2.6 2.2 1.3 
(O.ll (0.1) (0.1) (0.2) (0.2) (0.2) 

McLintock (1955) reported that over 50% of the surviving balsam fir in a Quebec study 
had dead tops as a result of repeated defoliations. Minnesota surveys have shown that as 
much as 78% of the balsam fir in certain stands had 1.8 m or more of top-kill after three years 
of complete defoliation of the current year's growth (Schmiege 19(1). 

Budworm feeding on saplings. Budworm feeding on saplings in plots in the Ottawa N.F. 
increased between 1978 and 1980 (Fig. 4). The percentage of plots which were rated "none" 
or "light" decreased and the percentage of plots which were rated as "moderate" or 
"heavy" increased with time. A similar but less pronounced trend was also observed in the 
Hiawatha N.F. 

Mog (1981) presented histograms showing bud worm feeding on saplings for each district 
in both national forests. For certain forest districts (Bergland, Kenton, Sault Ste. Marie, 
Munising) shifts from the "none" and "light" levels of feeding to the "moderate" and 
"heavy" levels are even more apparent. Only the Manistique District within the Hiawatha 
N.F. ran counter to this general pattern. All of the plots in this district were rated "none" in 
1980. Nearly all of the live trees sampled on the Manistique plots in 1980 were black spruce. 

Ghent et al. (1957) showed that during the first decade after devastation of a stand by the 
spruce budworm, changes often occur in the subsequent species composition of the new 
stand. However, general trends could not be predicted. Their most important conclusion 
was that changes in forest succession are strongly dependent upon the region in which the 
observations were made. 

Budworm feeding on regeneration. The level of budworm feeding on regeneration on the 
plots in the Ottawa N.F. increased in 1979 and 1980 (Fig. 5). The percentage of plots which 
were rated as "moderate" or "heavy" increased from 14% in 1979 to 32% in 1980. The 
number of plots rated as "none" decreased from 41% to 7% between 1978 and 1980. The 
overall trend for the Hiawatha N.F. is similar to that observed in the Ottawa N.F., but not as 
apparent. Regeneration plots in the Hiawatha N.F. sllstained considerably less feeding at 
the moderate to heavy levels in 1980 (8%) than did regeneration on plots in the Ottawa N.F. 
during 1980 (32%). 

Mog (1981) presented histograms showing budworm feeding on reproduction for each 
district in both National Forests. For two districts in the Ottawa N.F., Bergland and 
Ontonagon, the feeding on reproduction on these plots never was more than ·'Iight." The 
only district that does not follow the general patterns already discussed for the Hiawatha 
N.F. was St. Ignace whre there was an increase in "moderate" budworm feeding from 1978 
(20.00/c) to 1980 (28.69C). Also the Manistique District was different from the others within 
the Hiawatha N.F. in that the level of spruce budworm feeding on reproduction did not 
change over the rn,'o-year period and was always reported as "none. ,. 



---------- -------------------------------------------------------------------

-------------- ----------------- ------------ ------------------

------------- ------------------ -------------------------------

Table 15. Average estimated defoliation ranking and (SE) of balsam fir, wbite spruce, and black spruce on tbe six :;; 
districts within the Ottawa National Forest. 

BF WS BS 	 BF WS BS 

Watersmeet 	 Iron River 

1978 2.5 1 7 1.6 	 1.9 2. 1 1 . 1 
(0.2) (0.6) (0. 1 ) 	 (0.3) (0.4) (0. 1 ) 

...,1979 2.5 2.1 1.9 	 2.6 2.4 2.2 ::r:(0.2) (0.1) (0. 1 ) (0. 1 ) (0.2) (0.1) 	 t'Tj 

1980 2.9 2.6 1.9 3.1 2.4 1.6 	 ~ 
(0.2) (0.3) (0.2) (0.2) (0.2) (0. 1 ) 	 t'Tj 

) ..., 
Bessemer 	 Bergland t""' 

-------------	 ------------- ----- ) 
::-:1978 1 .8 1.8 1.2 	 1.9 2.0 0.0 t'Tj

(0 	3) (0.2) (0.0) (0.0) (0.0) (0.0) [/J 

t'Tj 
Z1979 2.0 1.5 1.9 2.2 2.0 0.0 	 ..., 

(0.2) (0.3) (0.0) 	 (0.1) (0.0) (0.0) f 
01980 2.3 2.2 1.9 	 2.4 2.0 0.0 t""' 

(0. 1 ) (0.2) (0.0) (0. 1 ) (0.0) (0.0) 	 0 
0..... 
[/JOntonagon 	 Kenton ..., 

1978 2.3 2.3 0.0 	 1.5 0.0 0.0 
(0.4) (0.3) (0.0) 	 (0.0) (0.0) (0.0) 

<:1979 2.4 2.4 0.0 	 2.4 2.5 2.0 ~ (0.3) (0.4) (0.0) 	 (0.5) (0.0) (0.0) 
y; 

1980 2.6 2.9 0.0 	 2.8 2.7 1.0 Z
(0. 1 ) (0. 1 ) (0.0) (0.4) (0.0) (0.0) 	 ? 



--------- -----------------

-----------------

-------- - -----------------

00 
Tuble 16. Average estimated defoliation ranking and (SE) of balsam fir, white spruce, and black spruce on the five \C> 

districts within the Hiawatha National Forest. ,..> 

BF WS BS 

Rapid River 

1978 1.9 1.3 1.3 
(0.2) (0.2) (0.2) 

1979 1.9 1.5 2.1 
(0.2) (0.2) (0.5) 

1980 2.2 1.7 1.7 
(0.1) (0 2) (0.6) 

Sault Ste. Mar1e 

1978 3.5 3.3 1.8 
(0.1) (0.0) (0.0) 

1979 3.3 2.7 2.0 
(0.3) (0.2) (0.1) 

1980 3.8 2.5 1.3 
(0.1) (0.2) (0.1) 

Munising 

1978 1.4 1.8 0.0 
(0.1) (0.2) (0.0) 

1979 1.6 1.6 0.0 
(0.2) (0.2) (0.0) 

1980 2.0 2.0 0.0 
(0.1 ) (0.0) (0.0) 

BF 

3.0 
(0.3) 

3.1 
(0.2) 

3.4 
(0.1) 

1.8 
(0.0) 

1.7 
(0.5) 

1 .7 
(0.3) 

WS 


St. Ignace 


2.5 
(0.3) 

2.4 
(0.2) 

2.7 
(0.2) 

Manist ique 

0.0 
(0.0) 

0.0 
(0.0) 

0.0 
(0.0) 

BS 

1.1 
(0.0) 

1.8 
(0.1) 

1.2 
(0.0) 

1.0 
(0.0) 

1.0 
(0.0) 

1.0 
(0.0) 
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OTTRWR NRTIONRL FOREST 

1978 1980 
n-61 n-75 

234 

1978 1979 1980 
n-36 n-48 n-48 

234 1 234 
LEVEL OF FEEDING 

HIRWRTHR NRTIONRL FOREST 

234 
 1 2 3 4 

LEVEL OF FEEDING 
234 


Fig. 4. Spruce budworm feeding on saplings. Level offeeding; I = none. 0 to 10% of total foliage missing; 
2 light, 10 to 33% of total foliage missing; 3 moderate, 33 to 66% of total foliage missing; and 4 = 

heavy, more than 66% of total foliage missing. 
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234 234 234 

LEVEL OF FEEDING 

Fig. 5. Spruce budworm feeding on reproduction. Level of feeding: I = none, 0 to 10% of total foliage 
missing; 2 = light, 10 to 33% of total foliage missing; 3 = moderate, 33 to 66% of total foliage missing; 
and 4 heavy, more than 66% of total foliage missing. 
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SUMMARY 

There is little information available on the impact of the spruce budworm in spruce-fir 
stands in the Lake States, especially Michigan, The Michigan Impact Plot System (MIPS) 
was established during 1978-1979, The 136 ground sampling units in the MIPS will be 
evaluated once each year through 1984. A major objective of the MIPS was to obtain a data 
base for quantifying the impact of the spruce budworm in the Ottawa and Hiawatha N. F. 's. 

The objective of this paper is to document the budworm impact data for 197s.-:1980 for 
these two national forests. Statistics for the following parameters are presented: percent 
mortality, total dead volume, dead volume per ha, live volume per ha, defoliation ranking, 
frequency and extent of top-kill, and incidence of spruce budworm feeding on saplings and 
regeneration. The data are presented at the national forest and forest district levels. Trends 
are discussed, but the interpretation on the biological reasons for these trends will be 
presented after the 1984 measurements are made. 

The following major points were found: 

(I) 	Balsam fir sustained higher mortality and suffered a greater loss of growing-stock 
volume than did white or black spruce. 

(2) 	Percent mortality of dead balsam fir during 1978-1980 in the Hiawatha N.F. was nearly 
double that of balsam fir in the Ottawa N.F. 

(3) 	Average percent fir mortality in the Hiawatha N.F. by 1980 was extremely high in the 
eastern portions of this N.F. where the outbreak started (Sault Ste. Marie District, 
93%; St. Ignace District, 54%). Average percent fir mortality was low in 1980 (under 
10%) in the three western districts (Munising, Rapid River, Manistique) of the 
Hiawatha N.F. 

(4) 	Average percent fir mortality in 1980 in the Ottawa N.F. was the highest (22-26%) in 
the most western and northern districts (Bessemer, Watersmeet, Ontonagon, Bergland) 
where this outbreak started in the western Upper Peninsula. Average percent fir mor
tality also doubled between 1978 and 1980 in the eastern-most districts of the Ottawa 
N.F. (Iron River, Kenton), but was under 10%. 

(5) 	The estimated total dead volume and standard error of balsam flf in 1980 in the Ottawa 
and Hiawatha N.F.'s was 287,987 ± 47,290 m' and 341,509 ± 80,656 m', respectively. 

(6) 	Total dead volume of balsam fir. white spruce, and black spruce all nearly doubled 
between 1978 and 1980 for both national forests, except for white spruce which showed 
a seven-fold increase in the Hiawatha N.F. 

(7) 	The dead volume and standard error of balsam fir, white spruce, and black spruce in 
m"/ha by 1980 for the Ottawa and Hiawatha N.F. was 12.5 ± 2.0. 1.5 ± 0.7, 1.5 0.4 
and 26.3 ± 6.2, 2.0 ± 1.1, 0.5 0.2, respectively. 

(8) 	An 18.7% reduction in live fir growing-stock ,volume occurred between 1978 and 1980 
(10.0 ma/ha) in the Hiawatha N.F. Tbe average estimated growing stock of balsam fir 
(43.1 ± 4.0 m3/ha in J980) in the Ottawa N.F. remained practically unchanged between 
1978-1980. 

(9) 	The average annual change in live volume of white spruce was 1.5 and -0.2 m"/ha 
during 1978-1980 in the Ottawa and Hiawatha N.F. 's, respectively. Growing-stock 
volume of black spruce increased annually at 0.2 and 0.7 m3/ha in the Ottawa and 
Hiawatha N.F.'s, respectively. 

(10) 	The average defoliation ranking for balsam fir and white spruce increased between 1978 
and 1980 with black spruce increasing between 1978 and 1979 and decreasing between 
1979 and 1980. 

(II) 	The mean defoliation ranking was considerably higher on balsam fir than on spruce (2.7 
vs. 1.9 in 1980). 

(2) 	The frequency of top-kill for balsam fir from 1978-1980 in the Ottawa and Hiawatha 
N.F.'s was 8.9, 10.7,20.0%, and 17.1, 19.2,21.2%, respectively. The frequency of 
top-kill for white spruce from 1978-1980 in the Ottawa and Hiawatba N.F.'s was 4.6, 
2.7, 1.7%, and 6.2, 6.2, 2.9%. 

(13) Budworm feeding on saplings and regeneration on plots in the Ottawa and Hiawatha 
N.F.'s increased from 1978-1980, but the increase was not as pronounced in the 
Hiawatha N.F. 
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(14) 	Fir and spruce regeneration on plots in the Ottawa N.F. sustained considerably more 
feeding at the moderate to heavy levels in 1980 (32%) than did regeneration on plots in 
the Hiawatha N.F. (8%) during 1980. 

ACKNOWLEDGMENTS 

We acknowledge important contributions to this study from other investigators on our 
research and technology transfer team: Duane Chalfant, Leslie Silvi, Bruce Montgomery, 
Charles Olson, Jr., and the numerous undergraduate assistants. We also acknowledge con
tributions to our studies from personnel associated with the Canada/USA Spruce Budworms 
Program; School of Natural Resources, University of Michigan; United States Forest 
Service, Ottawa National Forest, Hiawatha National Forest: Champion International: and 
Mead Corporation. We also thank Gary Fowler, AI Jensen, Burton Barnes (University of 
Michigan); Harold Batzer and Bob Ford (USFS); Mark Houseweart (University of Maine); 
Gary Simmons and Stu Gage (Michigan State University); Jack McCarthy (University of 
Vermont); Chester Karpinski, Jr. (Clemson University); and Nancy Briesch (University of 
Maryland) for their help and suggestions. The current research work is being funded by a 
USFS-sponsored program entitled Canada/United States Spruce Budworms Program (Grant 
23-178), by McIntire-Stennis Funds (UM 43), and by the University of Michigan, School of 
Natural Resources. 

LITERATURE CITED 

Batzer, H. O. 1973. Net effect of spruce budworm defoliation on mortality and growth of 
balsam fir. J. For. 73:34-37. 

Elliott, K. R. 1960. A history of recent infestations of spruce budworm in northwestern 
Ontario, and an estimate of resultant timber losses. For. Chron. 36:61-82. 

Gevorkiantz, S. R. and L. P. Olsen. 1955. Composite volume tables for timber and their 
application in the Lake States. USDA For. Serv., Tech. Bull. 1104. 

Ghent, A. W., D. A. Fraser, and J. B. Thomas. 1957. Studies of regeneration in forest stands 
devastated by the spruce budworm. 1. Evidence oftrends in forest succession during the 
first decade foHowing budworm devastation. For. Sci. 3: 184-208. 

Hastings, A. R. and D. G. Mosher. 1976. An aerial survey of defoliation and mortality 
caused by the spruce budworm in the Upper Peninsula of Michigan-1976, with manage
ment considerations. USDA For. Servo Eva/. Rep. 5-25-76. 

Hastings, A. R. and D. W. Renlund. The budworm situation in the Lake States-1974. p. 
28-37, in Proceedings of a Symposium on the Spruce Budworm. USDA For. Serv., Misc. 
PubI. 1327. 

MacLean, D. A. 1980. Vulnerability of fir-spruce stands during uncontrolled spruce bud
worm outbreaks: a review and discussion. For. Chron. 56:213-221. 

McLintock, T. F. 1955. How damage to balsam fir develops after a spruce budworm epi
demic. USDA For. Serv., N.E. Forest Exp. Sta. Pap. 75. 

Mog, T. P. 1981. Impact of Choristoneura fumiferana (Clemens) in Michigan's Upper 
Peninsula. Ph.D. thesis. Univ. Michigan, Ann Arbor. 

Mog, T. P. and 1. A. Witter. 1979. Field techniques for assessing the impact of the spruce 
budworm (Lepidoptera: Tortricidae) in Michigan's Upper Peninsula. Great Lakes 
Entomol. 12:213-218. 

Morris, R. F. 1963. The dynamics of epidemic spruce budworm populations. Entomol. Soc. 
Canada Mem. 31. 

Schmiege, D. C. 1961. Mortality and top killing of spruce-fir caused by repeated budworm 
defoliation. USDA For. Servo Lakes States Forest Exp. Sta., Tech. Note 597. 

Schumacher, F. X. and R. A. Chapman. 1954. Sampling methods in forestry and range 
management. Duke Univ. Sch. For., Durham, NC. 

Sukhatme, P. V. and B. V. Sukhatme. 1970. Sampling theory of survey with applications. 
Iowa State Univ. Press, Ames. 



24 THE GREAT LAKES ENTOMOLOGIST Vol. 15. No. I 

Swaine, 1. M. and F. C. Craighead. 1924. Studies on the spruce budworm (Cacoecia 
fumiferana Clem.). Part i. A general account of the outbreaks, injury and associated 
insects. Canadian Dept. Agric. Tech. Bull. 37. 

Turner, K. B. 1952. The relation of mortality of balsam fir, Abies balsamea (L.) Mill. caused 
by the spruce budworm, Choristoneurafumiferana (Clem.) to forest composition in the 
Algoma Forest of Ontario. Canadian Dept. Agric. Pub!. 875. 

Witter, J. A. 1981. Techniques for assessing the impact of the spruce budworm in Michigan. 
p. 529-540, in Proceedings of the XVII IUFRO World Congress. Div. 2. 

Witter, J. A. and T. P. Mog. 1981. An integrated approach for assessing spruce budworm 
damage, and developing a hazard-rating system and stand models for spruce-fir stands in 
Michigan's Upper Peninsula. p. 45-51, in Hedden, R. L., S. J. Barras, J. E. Coster (Tech. 
Coord.). Hazard-rating systems in forest insect pest management: symposium proceed
ings (Athens, GA, July 1980). USDA For. Serv., Tech. Rep. WO-27. 

Yamame, T. 1967. Elementary sampling theory. Prentice-Hall, NY. 



-------------- ------------

1982 THE GREAT LAKES ENTOMOLOGIST 25 

REVIEW OF THE GENUS NlACDUNNOA (EPHEMEROPTERA: 

HEPTAGENIIDAE) WITH DESCRIPTION OF A NEW 


SPECIES FROM FLORIDA 


R. W. Flowers I 

ABSTRACT 

The imago, nymph, and egg of Macdunnaa brunnea n. sp. are described from the south
eastern U.S. Heptagenia persimpiex is transferred to Macdunnoa and additional diagonostic 
characters are given for this species and for Macdunnoa nipawinia. The relationship of 
i1.1acdunnaa to Stenacron and Stenonema is discussed. 

Over the last three decades an interesting but rare heptageniid mayfly nymph has been 
collected sporadically in eastern North America from Horida to Canada. The nymph is 
easily recognized by its dark body, pale caudal filaments and greatly reduced abdominal gills 
6 and 7. Lehmkuhl (1979) discovered a population of these nymphs in Saskatchewan and 
reared female imagos. He established the genus Macdunnoa for these nymphs and female 
Imagos. 

Male imagos of a new species of Macdunnaa have now been reared in Horida, and 
examination indicates the species is congeneric with Heptagenia persimpiex McDunnough. 
Study of the types of Heptagenia persimplex confirms that the species should be transferred 
to Macdunnoa and that the Florida specimens represent a new species, Macdunnoa 
brunnea. Three species of Macdunnoa are now known: M. brunnea n. sp., from the south
eastern U.S.; M. persimplex new combination, from the Midwest; and M. nipawinia 
Lehmkuhl, from Saskatchewan. 

Because Lehmkuhl's (1979) generic description did not include the male imago and his 
brief nymphal description omitted a number of important characters, Macdunnaa is rede
scribed below. 

Macdunnoa Lehmkuhl 

Heptagenia partim (McDunnough 1929:179) 


(Figs. 1-16) 


IMAGO. Length of male: body, 6.0-8.0 mm; fore wings, 7.0-8.0 mm. Length of female: 
body, 6.0-7.7 mm; fore wings, 7.0-8.9 mm. Eyes of male moderate in size, separated 
dorsally by 5 times width of median ocellus; eyes of female separated dorsally by 6 times 
width of median ocellus. Frontal margin of head with small median emargination. Fore 
wings with basal costal cross veins well developed, stigmatic cross veins simple, not slanted; 
cross veins in anterior half of male wings tan to black. Hind wings with obtuse costal 
projection; 2 long cubital intercalaries; length 1/3 as long as fore wings. Fore legs of male: 
tibiae (1.7-1.8 mm) 1.0-1.1 times as long as femora; tarsi 1.6--1.7 times length of femora, 
1.5-1.7 times length of tibia; tarsal segments in order of descending length: 2, 3, 4, 1,5; basal 
tarsal segment 0.50-0.57 times length of segment 2. Hind legs: tibiae (1.4-1.6 mm) 0.7-1.0 
times length offemora; tarsi 0.4 times length of femora, 0.4-0.6 times length of tibiae; tarsal 
segments in order of descending length: 5, 1, 2, 3, 4; basal tarsal segment subequal to 
segment 2. Claws of a pair on all legs dissimilar, one blunt, pad-like, other hooked. Male 
genitalia: posterior margin of subgential plate concave; combined segments 3 and 4 of 
forceps 3/5 length of segment 2; penes (Figs. 13, 14) fused in basal 7/8, median titillators 
smooth, swollen, acute at apex, with or without minute lateral spines. Ninth sternum of 
female with a shallow median emargination to truncate. Cerci 1.4-1.8 times length of body. 

JDepartment of Entomology, Florida A&M University. Tallahassee, FL 32307. 

http:0.50-0.57
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Figs. 1-6. Macdunnoa brunnea, mouthparts of mature nymph: (I) labrum (a-ventral. b-dorsal), (2) left 
mandible, (3) right mandible, (4) hypopharynx (a-ventral, b-dorsal), (5) left maxilla. ventral, (6) labium 
(a-ventral, b-dorsal). 

,MATURE NYMPH. Length of body, 6.1-8.3 mm_ Head capsule 1.2-1.6 times as wide as 
long; anterior margin straight or with a median emargination, lateral margins convex. 
Mouthparts (Fig. l~). Labrum (Fig. 1) 1/2 as wide as head capsule, greatest width 2 times 
basal width, anterior margin straight, densely setaceous dorsally, a row of subapical spines 
ventrally. Mandibles (Figs. 2, 3): outer incisors longer, serrate; prostheca consisting of a 
single long seta on left mandible, lacking on right mandible; apical margin between incisor 
and molar areas with a row of short setae, lateral margins setaceous. Maxillae (Fig. 5): 
galea-lacinia with 8-9 pectinate spines on crown, ventral setae in a submedian row; palp with 
segments 2 and 3 fused and 1.5 times length of segment 1. Hypopharynx (Fig. 4) with lingua 
pointed at apex; superlingua with lateral arms well developed. Labium (Fig. 6) with narrow 
separation of glossae; glossae elongate, bent at middle; paraglossae moderately produced 
laterally; apical segment of palpi blunt, 4/5 length of basal segment. Pronotum widest at 
middle, expanded laterally, posterior margin with shallow median emargination. Fore legs: 
femora with a few small spines on anterior (leading) margin and dorsal surface, posterior 
margin with fringe of long setae and several large clavate setae on apical half, tibiae and tarsi 
with a row of setae on outer margins, small spines along inner margins; tibiae 0.8-1.0 times 
length of femora; tarsi 0.4-0.5 times length of femora, 0.3-U.5 times length of tibiae. Middle 
and hind legs with numerous small spines on anterior margin and dorsal surface of femora, 
posterior margin with a fringe of long setae and regularly spaced clavate setae on apical half; 
tibiae and tarsi with a row of setae on outer margins. Hind legs with tibiae 0.8-0.9 times 
length of femora; tarsi 0.3-U,4 times length of femora and 0.3-U,4 times length of tibiae. 
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Figs. 7-8. Mature nymph, abdominal tergum 7, lateral margin: (7) Macdunnoa brunnea, (8) M. pers;mpJex 
(?). Figs. 9-10. Posterior margin of tergite 7 of mature nymph: (9) M. brunnea, (10) M. persimplex (1): 
Figs. 11-12. Front margin of head capsule of mature nymph: (lI) M. brunnea, (12) M. nipawinia. 
Figs. 13-14. Penes of male imago: (13) M. brunnea, (14) M. persimplex. 

Claws not denticulate. Gills with lamellae broad on segments 1-5, reduced on 6, vestigial on 
7 (Figs. 7,8); fibrillifOlm portion present on gills l-ti. Abdominal segments 2-9 with pos
terolateral projections, Caudal filaments with whorls of spines at articulations, interseg
mental setae on both sides of median filament and mesal sides of cerci. 

EGG. Oval; chorion with deep ridges at poles, smooth elsewhere; vesicles evenly scat
tered on surface (Figs. 15, 16). 

Type-species, Macdunnoa nipawinia Lemkuhl, by original designation. 
Species included. M. nipawinia Lehmkuhl; M. persimpiex (McDunnough) n. comb.; M. 

brunnea Flowers, n. sp. 
Specimens examined. M. persimpiex, paratype male imago, holotype male genitalia; M. 

brunnea, male and female imagos, nymphs; Macdunnoa sp., nymphs from Ohio. 
Discussion. Macdunnoa can be distinguished from all genera of the Heptageniidae by the 

foHowing combinations of characters. In the imagos: (1) median titillators of male genitalia 
thick and abruptly narrowed at apex (Figs. 13, 14); (2) apex of penes expanded laterally, 
lacking spines (Figs. 13, 14); and (3) male eyes separated by 5 times width of median ocellus. 
In the nymph: (1) maxillae with ventral setae in a submedian row (Fig. 5); (2) superlingua of 
hypopharynx with lateral arms well developed (Fig. 4); (3) prosthecae lacking on right 
mandible; mandibles with a row of short setae between incisor and molar areas (Figs. 2, 3); 
and (4) gills reduced on abdominal segment 6, vestigial on segment 7 (Figs. 7, 8). 

Macdunnoa appears to be most closely related to Stenonema, from which it can be 
distinguished in the male imago by the thick median titiIlators and lack of spines on the 
apical lobes of the penes (Figs. 13, 14), in the female imago by the lack of any dark markings 
on the abdomen, in the nymph by the vestigial seventh gill (Figs. 7, 8), and in the egg by the 
vescicles and polar ridges of the chorion (Figs. 15, 16). 

Macdunnoa brunnea Flowers, n. sp. 
(Figs. 1-7,9, 11,13,15) 

MALE IMAGO (in alcohol). Length: body, 6.0-8.0 mm; fore wings, 7.4-7.9 mm. Eyes 
black (bright yellow-green when living). Head pale yellowish-white; antennae white. Basal 
half of ocelli black, apical half white. Thorax yeHowish-white. Legs yellowish-white; fore 
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Figs. 15-16. Eggs; (15) M. brunnea (440X), (16) M. persimpiex (400X). 

legs brown at joint of tibia and tarsus. Wings: membrane hyaline; longitudinal veins hyaline, 
cross veins brown between C and MP of fore wings, remainder of cross veins hyaline. 
Abdominal segments 1-7 translucent white, segments 8--10 pale yellowish-tan. Genitalia 
(Fig. 13) pale yellowish-tan; penes lack lateral spines. Cerci white. 

FEMALE IMAGO (in alcohol). Length: body, 7.3-7.7 mm; fore wings, 8.3~.9 mrn. Eyes 
black, color of head and ocelli as in male imago. Thorax and legs yellowish-white, claws 
slightly darker. Wings: membrane hyaline; longitudinal veins hyaline; cross veins between C 
and MP of fore wings light brown, remainder of cross veins hyaline. Abdomen yellowish
white. Caudal filaments white. 

MATURE NYMPH (in alcohol). Head: dorsum dark brown, sutures pale; white streak 
anterior and lateral to eyes. Scape, pedicle and first segment of flagellum ofantennae brown, 
remainder white. Venter of maxillary palpi, labium and labial palpi dark brown (Figs. 5, 6). 
Thorax: dorsum dark brown, median suture pale; small pale spots on pro- and mesonotum; 
venter with sclerites dark brown, and pleural membranes pale. Legs: femora dark brown 
with scattered small pale maculae, tibiae dark brown in basal 3/4, apical 1/4 pale yellow; 
tarsi pale yellow with wide median brown band; claws pale yellow. Abdomen: dorsum dark 
brown with indistinct pale submedian streaks at anterior margin of terga 1~. Spine on both 
sides of gill base on segment 7 (Fig. 7). Denticles on posterior margin of terga spatulate and 
serrate (Fig. 9). Sterna dark brown with 1 median and 2 pairs of submedian pale maculae on 
segments 1-8. Gills smoky black; pale maculae on dorsal 1/3 and along ventral margin ofgills 
1-5. Caudal filaments: 5 basal segments brown, remainder of basal half of caudal filaments 
white: apical half of caudal filaments with repeating pattern of 1 tan and 3 white segments. 

Egg. Micropyle small, crescent shaped. (Fig. 15). 
Specimens. Holotype male imago (reared, with nymphal exuvium and subimaginal skin), 

FLORIDA: Gadsden Co., Rocky Comfort Creek at Hwy 65 B, I-V-1979, R. W. Flowers; 
Allotype female imago (reared, with nymphal exuvium), same locality as holotype, 20-ID
1975, J. Jones; Paratypes: 4 male imagos, 1 male subimago, 6 female imagos, same locality 
as holotype, 13-V-1980, R. W. Flowers; 1 male subimago, 2 female imagos, same locality as 
holotype, 6-V-1980, R. W. Flowers; 1 female subimago (reared, with nymphal exuvium), 8 
nymphs, same locality as holotype, I-V-1979, R. W. Flowers; 5 nymphs, same locality as 
holotype, 15-IV -1980, R. W. Flowers; 2 male imagos, same locality as holotype, IO-VI-1970, 
J. Jones et al.; I male imago, same locality as holotype, 26-IV-I974, J. Jones; I male sub
imago, same locality as holotype, 21-IV-I968, W. L. Peters et al.; 4 nymphs, same locality as 
ho!otype, 9-IV-I967, W. L. & J. G. Peters; 2 nymphs, same locality as holotype, 29-IlI-1968, 
W. L. Peters et al.; I male imago, 4 female imagos, FLORIDA: Gadsden Co., Turkey Creek 
at Hwy 65 B, 2-V-1980, A. R. Soponis et al.; I male imago, FLORIDA: Okaloosa Co., 
Blackwater R., Florida A&M Unlv. Biological Station, 4 1/2 mi, NW of Holt, 4-V-1975 
(light), W. L. & J. G. Peters; 2 nymphs, FLORIDA; EscambiaCo. EscambiaRiv., 28-29-III
1953, W. M. Beck, Jr.;4 nymphs, SOUTH CAROLINA: Anderson Co., Hwy76, 1.6. mi. W 
junct of Hwy 178 and 76, nr. Anderson, 8-VI-1955, C. D. Hynes and L. Berner; I nymph, 
SOUTH CAROLINA: Laurens Co., Duncan Creek at Hwy 72,4.6 miles SW of Whitmire, 
9-VI-1955, C. D. Hynes and L. Berner; I nymph, NORTH CAROLINA: Rockingham Co., 
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Creek at Hwy 150, I mi S ofjunct w Hwy 97, 2-VII-1955, C. D. Hynes and L. Berner. All 
specimens preserved in alcohol. Types are deposited in the following collections: holotype, 
allotype, 3 male paratypes, 3 male subimaginal paratypes, 5 female paratypes, I female 
subimaginal paratype, 13 nymphal paratypes at Florida A&M University; 3 male, 3 female, 4 
nymphal paratypes at University of Utah; 2 male, 2 female, 7 nymphal paratypes at Univer
sity of Florida; I male, 2 female, 2 nymphal paratypes at U.S. National Museum. 

Etymology. brunnea, L. meaning brown. 
Biology. Adults of Macdunnoa brunnea emerge from May to early June at Rocky Comfort 

Creek and during this period they commonly come to light. Nymphs live in rotting leaves 
among rocks in deep areas where the current is swift. When living nymphs are placed in still 
water, they move their gills in a wave-like motion, beginning with the first pair. This be
havior is also characteristic of Stenacron and Stenonema but not ofHeptagenia, Leucrocuta 
or Nixe. 

Discussion. Macdunnoa brunnea can be distinguished from M. persimplex in the male 
imago by the lack of lateral minute spines on the penes (Fig. 13) and in the egg by small 
crescent-shaped micropyles (Fig. 15). Nymphs of M. brunnea can be distinguished from 
those of M. nipawinia by the lack of a distinct emargination on the front margin of the head 
capsule (Fig. II). 

Macdunnoa persimplex (McDunnough) n. comb. 
Heptagenia persimplex McDunnough (1929: 179) 
Non Heptagenia persimplex: McCafferty (1977) 

(Figs. 8, 10, 14, 16) 

The external features of the imagos have been described elsewhere (Burks 1953, Needham 
et al. 1935). During examination of the male genitalia slide of the holotype, minute spines 
were observed on the lateral margins of the penes below the terminal lobes (Fig. 14). This 
character was also found on specimens of M. persimplex from Tennessee in the University 
of Florida collection. The condition is visible only under high magnification but it is the only 
reliable way to separate male imagos of M. persimplex from M. brunnea. There appears to 
be no reliable way of separating females of these two species. 

The egg of M. persimplex (Fig. 16) is distinguished from that of M. brunnea by the 
presence of broad crescent-shaped furrows at the micropyles. 

The nymph of M. persimplex is still unknQwn. Nymphs of Macdunnoa collected from the 
Ohio River probably represent the nymph of persimplex, but reared specimens are needed 
for confirmation. The Ohio nymphs differ from M. brunnea nymphs in having an obtuse 
projection at the base of gill 7 (Fig. 8), pointed denticles on the posterior margin of the 
abdominal terga (Fig. 10), and a lighter body color. 

Macdunnoa nipawinia Lehmkuhl 
(Fig. 12) 

This species has been described from nymphs and female imagos. In the nymphal descrip
tion no mention is made of gill 7 but subsequent communication confirmed that this gill is 
present and vestigial, as in the other species (Lehmkuhl, pers. comm.). 

Key to the species of Macdunnoa Lehmkuhl 

Male imagos. 

I. Penes with minute lateral spines (Fig. 14) ................. M. persimplex (McD) 

I'. Penes with lateral spines lacking (Fig. 13) .................... M. brunnea n. sp. 


Mature nymphs. 

I. Head capsule with distinct emargination on front margin (Fig. 12) ............. . 

.................................................... M. nipawinia Lehmkuhl 

I'. Head capsule with front margin nearly straight (Fig. II) ...................... 2 
2(1'). Body color dark brown; spine on each side of abdominal gill 7 (Fig. 7) denticles on 

posterior margin of abdominal terga distinctly spatulate (Fig. 9) ................ . 

. .. .. .... .... ..... . .... ........ ..... ................... ... M. brunnea n. sp. 
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2'. Body color light brown; spine only on outside of abdominal gill 7 (Fig. 8); denticles 

on posterior margin of abdominal terga pointed (Fig. 10) ...................... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M. persimp/ex (McD) ('l) 


Discussion. Lehmkuhl (1979), relying on Tshemova's (1976) key to heptageniid nymphs, 
placed Macdunnoa close to the Asian genera Compsoneuria, Compsoneuriella and Ecdyo
nuroides. However, in grouping heptageniid genera, Tshemova emphasized the presence of 
a third segment of the maxillary palpi. While this character may be useful to group Oriental 
Heptageniidae, it is not particularly useful when applied to the Nearctic fauna. The maxillae 
of many North American genera (including Srenacron, Srenonema and Macdunnoa) have a 
small third segment present even if discernible only by an indistinct suture line. . 

Based on adult and nymphal morphology discussed by Jensen (1974), Bogoescu and 
Tabacaru (1962) and Flowers (l980a, b), Macdunnoa should be placed in the same phyletic 
complex as Stenacron and Srenonema. These three genera share the following characters. 
In the imagos: (1) eyes widely separated; (2) basal fore tarsal segment greater than 1/2 times 
length of segment 2; and (3) lateral spines present on penes; or if absent, apex of penes 
expanded and apical spines minute or absent. In the nymphs; (I) maxillae with ventral setae 
ofgalea-Iacinia in a submedian row (Fig. 5); (2) superlingua of hypopharynx with lateral arms 
well developed (Fig. 4); and (3) abdominal gill 7 reduced and different in shape from the 
preceeding gills (Figs. 7, 8). The developed lateral arms of the superlingua, and the reduced 
seventh gill are shared derived nymphal characters which delineate the Srenacron-Steno
nema-Macdunnoa phyletic complex and distinguished it from other complexes in the 
Heptageniidae. 

No attempt is made at this time to specify the exact phylogenetic relationship of Mac
dunnoa to Stenacron and Stenonema. Macdunnoa has characters in common with both the 
latter genera as well as unique characters of its own. More research is needed, particularly 
on the species of Stenonema (McCaffertium), before the evolutionary development of the 
Stenacron-Stenonema-Macudunnoa complex can be determined. 
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LARGE-SCALE PRODUCTION OF FUNGAL BAIT BLOCKS 

FOR THE ATTRACTION OF -rERMrrES (ISOPTERA: 


RHINOTERMITIDAE) 


R. E. Smith l 

ABSTRACT 

It has been shown that wood infected with the brown rot fungus Gloeophyllum trabeum 
(Pers. ex Fr.) Murr. is'more attractive to termites than sound wood. For several years, small 
blocks of infected wood have been used as bait to sample soil sites for the presence of 
termites. The method described here for bait block production is more suitable than the 
ASTM method for large-scale work. 

In 1961, Esenther and others demonstrated that wood infected with the brown rot fungus 
Gloeophyllum trabeum (Pers. ex Fr.) Murr. (formerly Lenzites trabea [Pers. ex Fr.]) was 
more attractive to the eastern subterranean termite, Reticulotermes jlavipes (Kollar), than 
was uninfected wood. Smythe et al. (1967) later showed that the partially decayed wood was 
also attractive to other species of Reticulotermes as well as to Zootermopsis augusticol/is 
(Hagen). These studies have since been confirmed and expanded by various workers, in
cluding Matsuo and Nishimoto (1974) and Becker and Lenz (1975). It has been known since 
the original work of Esenther et al. (l96l) that the attractive principle could be extracted 
from wood infected by the fungus. 

In 1967, Smythe et al. isolated the trail-following pheromone from R. jlavipes and R. 
virginicus. Matsumura et al. (1968) studied the pheromone from southern subterranean 
termites, R. virginicus (Banks), and its chemical structure was elucidated (Tai et al. 1968). In 
a subsequent paper, these workers reported that the pheromone was closely related to and 
possibly identical with a component of wood rotted by G. trabeum (Matsumura et al. 1969). 
The extract was identified as (Z,Z,E) 3,6,8-dodecatrien-l-ol. Since then, the compound has 
been synthesized, together with a number of analogues exhibiting varying degrees of attrac
tiveness to termites (Tai et al. 1971). The compounds were shown to be rdther unstable. 

Certain investigations concerning natural populations of termites, such as that reported by 
Esenther and Gray (1968), have involved the use of G. trabeum-infected wood blocks as 
"baits," to facilitate the sampling of soil sites for termites. Also, attempts have been made 
to control populations by the use of poisoned baits, and considerable success was obtained 
in field trials with mirex (Ostaff and Gray 1975). Since such studies involve large numbers of 
bait blocks, the production of which can be very time consuming, the present investigation 
was undertaken to determine if a more efficient and controlled method of production could 
be devised than that usually used, which is based on the procedure recommended by the 
American Society for Testing and Materials (ASTM), published in 1976, for testing wood 
preservatives. This uses "feeder strips" of fungus-infected wood supported by moist sterile 
soil in screw-capped jars. Small blocks of wood are placed on these, which are in tum 
infected. 

MATERIALS AND METHODS 

Preparation of Wood. White pine was sawn into strips 0.8 x 3.0 x 18.0 em, and placed in 
supporting racks fabricated from 7/8 x 1/16-inch aluminum stock. A typical rack, shown in 
Figure I, measured approximately 16.5 x 18.0 cm, and was made from four strips rivetted 
together. The two longer sides were constructed from strips previously milled to contain 12 
slots measuring 0.9 cm wide by 1.3 cm deep. The wood strips, when placed in a rack, were 

lDepartment of Microbiology, University of Guelph. Ontario, Canada NIG 2WL 
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Fig. I. Aluminum support racks containing uninfected wood strips. 

about 0.5 cm apart. Prior to sterilization, the wood was soaked in water overnight and placed 
in the racks, which were then stacked in polycarbonate animal cages 48 cm long x 27 wide x 
16 deep (Fisher Scientific Co., Toronto, Ontario), eight racks per cage. A sheet of aluminum 
foil was placed loosely over each cage, after adding deionized water to a depth of about 
1.0 cm, and cages were autoclaved at 121cC for 30 min. When the autoclaves were opened, 
the foil sheets were secured in place before cages were removed. When the contents had 
cooled, the foil was sealed with masking tape to prevent contamination and loss of moisture 
during storage. 

Culture Methods. Stock cultures were prepared by inoculating Malt Extract Agar (Difco 
Laboratories, Detroit, Mich.) slants in l-oz screw-capped bottles with mycelium from a 
strain of G. trabeum kindly donated by Dr. G. Esenther of the U.S. Forest Products Labora
tory, Madison, Wisconsin. These were designated Madison strain 617. Good growth devel
oped in about seven days at 25°C, at which time, by the use of a chromel wire hook, the 
mycelium was suspended and disrupted in 5.0 ml of sterile Malt Extract Broth removed from 
flasks which contained 25 ml of medium. The mycelial suspensions were transferred to the 
flasks, which were then incubated on a reciprocal shaker with gentle agitation at 25CC for 
seven days. During the incubation period, standard 8-inch square tetlon-lined cake pans 
were sterilized in the autoclave as above, and stored in sealed animal cages for future use. 

For bait block production, 400-ml quantities of sterile melted Malt Extract Agar were 
poured into the cake pans, covered with sterile foil, and allowed to solidify. Flask cultures 
were transferred to sterile Waring blendor jars and disrupted at low speed for about 2-3 sec, 
then poured onto the agar surfaces in the cake pans (one culture per pan) and spread with a 
sterile bent glass rod. The pans were incubated at 25°C under sterile foil, until confluent 
growth of the fungus developed. At that time, racks of sterile wood strips were transferred 
aseptically, using surgical gloves, to the pan cultures, forcing the racks into the media until 
the wood strips contacted the mycelium. Foil-covered pan assemblies were then stacked in 
sterile animal cages, using wood strips between assemblies for support, at the rate of six 
units per cage. Sterile water was added to the cage to maintain a high relative humidity, and 
the cage was covered with foil. Water lost by evaporation during incubation at 25°C was 
replaced as required. After six weeks of incubation, racks were removed from pans and 
autoclaved for 20 min to kill the fungus, then dried at 80°C for 24 h, before cutting into 3.0 x 
3.0-cm blocks for use as baits. 
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Fig. 2. Opened animal cage unit. showing wood strips infected by G. trabeum. 

Testing Bait Blocks. To detennine if bait blocks were effective attractants, a multiple
choice test using eastern subterranean tennites was devised. This was carned out by pouring 
4.0% melted agar solution into large thick-walled pyrex storage dishes (20 cm wide x 8 cm 
deep) to a depth of about 3 cm, and allowing the solution to cool. Just before it gelled, a 
block of sound pine, one of pine infected with G. trabeum by the ASTM method, and one 
infected by the method described above, were inserted equidistant from each other near the 
wall of the dish, in a slightly inclined position. Approximately 75% of each block was 
submerged. Thirty tennites from an active colony were transferred to the agar surface of 
each dish, and the dishes were covered with glass plates. They were then placed in a dark 
cupboard, and examined weekly for activity. 

RESULTS AND DISCUSSION 

Figure 2 shows an animal cage culture unit which has been opened after six weeks 
incubation, with two of the cake pans removed. It can be seen that fungal mycelium has 
covered the wood strips, and dry weight detenninations indicated that a weight loss of from 
10 to 15% occurred in that length of time. This is comparable to the growth rate of the fungus 
found with the ASTM method, and appears to be adequate to elicit the pheromone-like 
effect previously described. In a separate study to optimize growth rates of the fungus, we 
were able to increase growth by about 40% using a modification of a medium reported by 
Levi et at (1968), in which the carbon and nitrogen sources were supplied by glucose and 
NaNO:J. However, use of this medium did not shorten the required incubation period for 
bait block production, and the results did not seem to be superior to those obtained with 
Malt Extract Agar. 

The multiple-choice tests indicated that blocks produced by the described method were as 
attractive to tennites as those produced by the ASTM method, judging by numbers of 
termites seen feeding at random intervals, as well as by the number of shelter tubes con
structed to baits and the loss in weight of baits through feeding. In some cases, the blocks 
produced by the described method appeared to be more attractive than ASTM blocks, and in 
all cases, fungus-infected blocks were more attractive than sound blocks, irregardless of the 
method of production. 
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There is no doubt that the procedure described here is more efficient than the original 
ASTM method for the production oflarge number of baits. One animal cage unit can provide 
432 wood baits, which would require 216 screw-capped jars using the standard method. The 
US Forest Products Laboratory (Madison) uses a modification of the ASTM method, in 
which wood strips rather than blocks are placed on feeder strips (G. R. Esenther, pers. 
comm.), greatly increasing the efficiency. However, the author believes that the method 
described above provides a more controlled procedure for fungal growth. 
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DESCRIPTION OF THE FIFTH INSTAR OF APACHE DEGEERII 
(HOMOPTERA: FULGOROIDEA: DERBIDAE) 

Stephen W. Wilson l 

Apache degeerii (Kirby) ranges from Maine south to Florida and west to Iowa and Texas; 
it has also been recorded from British Columbia and Washington (Metcalf 1945. Wilson and 
McPherson 1980). This derbid has been recorded from oak, beech, maple, and hickory 
(Swezey 19(4); otherwise no information on its biology is available. 

The immatures of degeerii have never been described. In fact, to my knowledge, neither 
descriptions nor illustrations of immature Derbidae have been published. Derbid nymphs 
have been collected in rotting wood or under bark and are believed to feed on fungi 
(0'Brien, pers. comm.). Recently, two degeerii specimens were loaned to me for description 
and illustration. One specimen was an adult male that had almost entirely emerged from its 
attached nymphal skin; the other was a fifth instar nymph. The fifth instar was identical to 
the molted skin attached to the adult. 

The collecting data for both specimens are: Florida, Wakulla Co., 2 mi. north Panacea, 6 
April 1973, C. W. and L. B. O'Brien collectors, under bark of Quercus. 

DESCRIPTION OF FIFTH INSTAR 

Measurements of the pinned nymph were made with an ocular micrometer. Body length 
was measured from the tip of the vertex to the tip of the abdomen, width was measured 
across the widest part of the body, thoracic length was measured along the midline from the 
anterior margin of the pronotum to the posterior margin of the metanotum. 

Fifth instar (Fig. I). Length 4.25 mm; thoracic length 1.50 mm; width 2.25 mm. 
Form elongate, slightly dorsoventrally flattened, widest across metathorax. Body yellow

ish brown to dark brown. 
Head dark brown. Vertex subpentagonal, narrowing apically, deeply concave medially, 

lateral margins strongly carinate. Frons ovoid, narrowing apically and basally, slightly wider 
than long, broadest just beneath eyes (which are not visible in frontal view), lateral margins 
strongly convex, each lateral margin carinate (outer carina) and paralleled by a second 
carina (inner carina) ca. Y.z~ the distance from midline to outer carina; inner carinae 
meeting apically; notched medially at frontoclypealjuncture; with two irregular rows of pits 
between inner and outer carinae. Clypeus yellowish, dark brown laterally and apically; 
narrowing distally, consisting of a subconical, basal postclypeus and an elongate subconical 
distal anteclypeus. Beak apparently three-segmented, yellowish-brown with darker apex; 
extending to 2nd abdominal stemite; segment I covered by anteclypeus, segments 2 and 3 
subequal. Eyes dark reddish brown, somewhat reduced. Antennae encased in sockets, 
apparently reduced to knoblike protrusions. 

Thoracic nota dark brown with yellowish markings; divided by mid-dorsal line into three 
pairs of plates. Pronotum with anterior margin extending to level ofposterior margin ofeyes; 
each plate subrectangular, median and posterior areas highly elevated and bordered by 
strong carinae, median area subpentagonal and bearing a row of three pits. posterolateral 
area leaf-shaped and bearing a row of three pits; anterior margin broadly curved laterally, 
with a row of indistinct pits near margin; posterior margin highly sinuate. Mesonotum with 
median length ca. 1.5 times that of pronotum; each plate with a longitudinal oblique carina 
near midline. a longitudinal carina in median n, a longitudinal pustule-bearing partial carina 
extending onto wingpad ca. Y.z distance from midline to lateral margin, and an oblique 
longitudinal pustUle-bearing carina extending almost to apex of wingpad in lateral Y4; wing
pad extending to tip of mesonotal wingpad and almost to posterior margin of fourth 
abdominal tergite; with indistinct pits just lateral to carina in median n and bordering lateral 

IDepartment of Biological Sciences, California State University, Chico, CA 95929. 
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Fig. I. Fifth ins tar of A. degeerii. Vertical bar = 1.0 mm. 

margin of wingpad. Metanotum with median length ca. % that of mesonotum; each plate 
with a longitudinal carina near midline and a slightly concave longitudinal carina in median 
Y3. Pro- and mesocoxae elongate, posteromedially directed, procoxae somewhat dorso
ventrally flattened; metacoxae smaller, hidden behind enlarged cuplike trochanters;remain
ing segments of legs bearing short setae. Metatibiae lacking lateral and apical spines. Pro
and mesotarsi two-segmented, segment 1 wedge-shaped, segment 2 subconical and curved 
with a pair of slender brown claws and pale pulvillus apically. Metatarsi \three-segmented, seg
ments 1 and 2 subcylindrical and lacking spines, segment 3 similar to segment 2 ofother legs. 

Abdomen nine-segmented, widest across segments 4 and 5, tergites brown, sternites 
yellowish. Tergites 1-7 each divided by a middorsal longitudinal membrane into right and 
left tergal plates; each side oftergal plates with the following features: tergites 1-7 each with 
a longitudinal carina near midline, tergites 2-3 each with one knoblike pit-bearing protru
sion, tergites 4-7 each with 3-4 knoblike pit-bearing protrusions (only three are prominent) 
and 2-3 additional pits near lateral margin. Segment 8 with tergite reduced, with a longi
tudinal median carina; segment 9 with tergite curving around lateral margins to ventral side, 
ventral surface with seven pits on each side; segment 9 surrounding a pair of ventral 
sclerotized paddle-like structures and a dorsal peg-like structure. Abdomen lacking enlargd 
wax glands. 
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GROUND BEETLES (COLEOPTERA: CARABIDAE) 

COLLECTED BY PITFALL mAPPING IN MICHIGAN 


SMALL-GRAIN FIELDS 


Gary A. Dunn l 

During the 1980 growing season a series of standard, single-cup pitfall traps were main
tained in wheat, oat, barley, and rye fields in Michigan. The traps were maintained by Pest 
Management Field Assistants (PMFAs) and entomology students from Michigan State Uni
versity. The traps were primarily used to monitor insect pest activity as part of pest man
agement scouting. 

Since pitfall traps are a non-selective sampling device, many non-pest and beneficial 
arthropods were also taken. After pest insects were removed from the samples by the 
PMFAs, the residue was sent to the Entomology Department for additional sorting and 
identification of selected arthropod groups. 

The role of carabids in the agroecosystem is not fully understood, and this information is 
presented in an effort to add to the knowledge of carabids in small grains. 

A total of 658 specimens, representing 26 species in 14 genera, was collected between 19 
May and 14 August 1980. The following list presents these species together with the counties 
in which they were collected, earliest and latest collection dates, and the crops with which 
they were associated. The number of individuals of a species associated with each crop is 
given in parentheses. 

Calosoma calidum Fabricius. Montcalm, Cass, S1. Joseph. 27 May-19 June. Wheat (5). 

Scarites substriatus Haldeman. Calhoun. 28 May. Oats (2). 

Clivina impressifrons LeConte. Ingham. 21 May-5 June. Barley (6). 

Bembidion nitidum Kirby. Montcalm. 19 May. Wheat (I). 

B. incrematum LeConte. Ingham. 26 May. Barley (I). 
Pterostichus chalcites Say. Ingham, Montcalm, St. Joseph. 26 May-19 June. Barley (II), 

wheat (4), oats (13), rye (I). 
P. lucublandis 	Say. Ingham, Montcalm, S1. Joseph, Calhoun, Casso 21 May-14 August. 

Barley (6), wheat (181), oats (28), rye (14). 
P. melanarius Illiger. Ingham. 9 July-14 August. Barley (6). 

Agonum cupripenne Say. Ingham, Montcalm. 26 May-5 June. Barley (3), wheat (10), rye 


(I). 
A. placidum Say. Cass, Ingham, Montcalm, St. Joseph. 19 May-9 July. Barley (11), wheat 

(57), oats (14), rye (14). 
Amara ellipsis Casey. Montcalm. 5 June. Wheat (I). 
A. littoralis Mannerheim. Montcalm. Wheat (I). 
A. cupreolata Putzeys. Calhoun, Ingham, Montcalm. 21 May-4 August. Barley (61), wheat 

(5), rye (53). 
Harpalus calignosus Fabricius. Ingham. 4 August. Barley (1). 
H. affinis Schrank. Ingham, Montcalm. 21 May-9 July. Barley (40), wheat (31), rye (2). 

H. herbivagus Say. Ingham, St. Joseph. 21 May-19 June. Barley (8), wheat (I). 

Geopinus incrassatus Dejean. Montcalm. 19 June. Wheat (I). 

Anisodactylus lugubris Dejean. Montcalm. 28 May. Oats (I). 

A. sanctaecrucis Fabricius. Cass, St. Joseph, Ingham, Montcalm. 19 May-4 August. Barley 

(4), wheat (31), oats (I). 
A. rusticus Say. Calhoun, Moncalm. 19 May-28 May. Wheat (2). 

IDepartment of Entomology, Michigan State University, East Lansing, MI 48824. 
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A. nigerrimus Dejean. Ingham. 5 June. Barley (I). 

Stenolophus comma Fabricius. Ingham, Montcalm. 19 May-14 July. Barley (9), wheat (8), 


oats (1). 
Chlaenius tomentosus Say. Calhoun, Cass. 4-25 June. Wheat (2). 
C. tricolor Dejean. Ingham. 21 July. Barley (1). 

Colliuris pensylvanicus L. Ingham. 21 June-14 July. Barley (2). 

Galerita janus Fabricius. St. Joseph. 19 June. Wheat (1). 
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FOODPLANT SUITABILITIES AND A NEW OVIPOSITION 

RECORD FOR PAPIUO GLAUCUS CANADENSIS (LEPIDOPTERA: 


PAPILIONIDAE) IN NORTHERN WISCONSIN AND MICHIGAN 


J. M. Scriber, G. L. Lintereur, and M. H. Evans l 

The eastern tiger swallowtail butterfly, Papilio glaucus L., is polyphagous, and has been 
reported to feed upon plant species of at least 13 families (Scudder 1889, Teitz 1972). The 
Canadian subspecies, P. glaucus canadensis Rothschild and Jordan, is generally believed to 
be univoltine, to be devoid of the genetic capacity for dark morph females, and to have 
morphologically distinct characteristics from the southern subspecies, P. glaucus glaucus 
L. (Ebner 1970, Pliske 1972, Shapiro 1974, Tyler 1975). In addition, the choice of potential 
foodplants north of the 42-440 latitudinal floral and faunal "suture zone" (Curtis 1959, 
Remington 1968) lacks many species from the southern contingent of hosts (e.g. tulip tree, 
Liriodendron tulipifera L., cucumber magnolia, Magnolia acuminata L., and sweet bay, 
Magnolia virginiana L., of the Magnoliaceae; sassafras, Sassafras albidum (Nutt.), and 
spicebush, Lindera benzoin L., of the Lauraceae; and hoptree, Ptelea trifoliata L., of the 
Rutaceae). Sweet bay is the primary, if not the only, host in the southern third of Florida, 
where tUlip tree, cherry, and ash do not occur. While the southern race, P. g. glaucus, uses 
all of these plants (Levin and Angleberger 1972, Scriber 1972, Scriber et. al. 1975), none 
have been reported for P. glaucus canadensis (McGugan 1958, Scriber, in press). 

Paper birch, Betula papyrifera Michx., and trembling aspen, Populus tremuloides Michx., 
have been the most frequently reported host plants for P. glaucus canadensis across most of 
Canada (Brower 1958, McGugan 1958). However, it appears that where they occur, black 
cherry, Prunus serotina Ehrh., and white ash, Fraxinus americana L., are also frequently 
used host plants of the Canadian race. 

The zone of overlap of the northern (P. glaucus canadensis) and the southern (P. g. 
glaucus) subspecies is narrow throughout all of Wisconsin (Fig. 1). Except for a single 
record from Waupaca County and a single dark female from Marathon County (in 1935), the 
dark morph (and yellow morph) of P. g. glaucus is essentially non-existent north of the 
vegetational transition zone. It is uncertain to what extent, if any, gene flow occurs between 
the two subspecies. Furthermore, with the exception of frequent use of black cherry and 
white ash by P. g. glaucus in the southern half of Wisconsin, the amount of potential overlap 
in host plant utilization abilities by larvae of the two subspecies is also basically unknown. 

It is our objective here to report 1980 field observations regarding actual host plant 
utilization by P. glaucus canadensis from northern Wisconsin. In addition to the favorite 
plants in northern Wisconsin, we also assessed the larval survival and growth of these P. 
glaucus canadensis populations on various food plants, including several favorites of P. g. 
glaucus from the southern U.S. which do not naturally occur in northern Wisconsin. 

FIELD OBSERVATIONS 

We collected two eggs on black cherry (on 1 June 1980) near Minocqua, Oneida County, 
Wisconsin, and three larvae (2nd and 3rd ins tars) on 28 June 1980 in Carney, Michigan 
(Menominee County), but found none in our searching of paper birch and trembling aspen 
leaves in these areas. Choke cherry, Prunus virginiana L., was also a source of food for P. 
glaucus canadensis in the Upper Peninsula (six larvae and eight eggs were found on this 
plant species near Carney, Michigan on 28 June 1980). We also rescued one egg on a choke 

lDepartment of Entomology, University of Wisconsin, Madison, WI 53706. 
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County Records: females 

I. Distribution of collections of females oflhe northern (P. glaucus canadensis. n 83) and southern 
glaucus glaucus) subspecies of the eastern tiger swallowtail butterfly in Wisconsin. Data for only the 

dark morph females (n = 64) of the southern subspecies are presented. 

cherry leaf which was already under consumption by forest tent caterpillars, Malacosoma 
disstria Hubner, in an outbreak area in northern Wisconsin (Bayfield County) on 2 June 
1980. Populus tremuloides is also used as a foodplant for P. glaucus canadensis in Bayfield 
County (Les Ferge, pers. comm.). All field specimens were reared for positive identification 
in the laboratory. 

Big-toothed aspen, Populus grandidentata Michx., has never been reported as a host for 
Papilio glaucus, however on 6 June 1980 an egg was discovered on a big-toothed aspen off 
County Highway G near Walsh, Wisconsin (Marinette County). To our knowledge, this 
represents a new host plant (i.e. oviposition) record for the species. 

METHODS 

Survival and growth of 763 larvae from 22 different females collected from six Wisconsin 
counties (Adams, Burnett, Clark, Iron, Oneida, Sawyer) were monitored on leaves of 12 tree 
species in a controlled environment growth chamber (16:8 photo:scotophase with corre
sponding thermoperiods of 23.5: 19SC). Freshly eclosed 15t instar larvae from each female 
were distributed as evenly as possible across all plant treatments and reared through their 
five instars with frequent changes of plant leaves. Survival is reported through the 3rd instar, 
after which several were sampled for feeding experiments during the penultimate and final 
instars. Leaf turgor was maintained by use of aquapics® and a near saturated environment 
inside ISO x 2S-cm clear plastic petri dishes (Scriber 1977). The same procedures were used 
for larvae of a dark morph P. g. glaucus female captured in Richland County in 1979. The 
more southern foodplants used in these experiments were obtained from the University of 
Wisconsin Arboretum and Thorstrand Road (Swenson Mansions) in Madison. Balsam pop
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lar, Populus balsamifera L., was transplanted from the Peshtigo Wildlife Refuge (Marinette 
County) and maintained at the Arlington Experimental Farms of the University of Wiscon
sin. 

RESULTS AND DISCUSSION 

The striking inability of P. glaucus canadensis larvae from Wisconsin to survive even the 
first instar on tulip tree (Magnoliaceae) and spicebush (Lauraceae) suggests that these 
southern plants would be unsuitable hosts even if the ranges of these plants did overlap with 
the Canadian subspecies of the tiger swallowtail. In contrast however, cucumber magnolia, 
sassafras, and common hoptree are quite suitable hosts for the northern Wisconsin swallow
tail even though these plants do not naturally occur even in southern Wisconsin. 

The smallest pupae and slowest growth were obtained for larvae fed balsam poplar, 
which, when combined with the rather low survival on this plant, suggests that these Wis
consin P. glaucus canadensis populations are physiologically rather poorly adapted to P. 
balsamifera (especially when compared to P. tremuloides Table I). Part of the explanation 
for this lack of physiological adaptation may relate to the fact that the range of P. bal
samifera is generally more northern and barely reaches the counties from which we col
lected P. glaucus canadensis. The greatest survival, fastest growth, and largest pupae were 
obtained for larvae fed black cherry and trembling aspen. The rapid growth of P. glaucus 
larvae on black cherry is characteristic not only of the northern Wisconsin P. glaucus 
canadensis, but also seems to be the case for the southern subspecies (P. g. glaucus) in New 
York (Scriber and Feeny 1979) and southern Wisconsin (Table 2). 

Unlike the case for P. glaucus canadensis, P. g. glaucus larvae survive and grow well on 
tulip tree but do very poorly on trembling aspen (Scriber and Feeny 1979; Table 2). This 
reciprocal inability of one subspecies to survive on the other's favorite host is widespread, 
and may be of considerable co-evolutionary significance (Scriber, in press). Larvae of both 

Fig. 2. The geographic range of paper birch, Betula papyrijera (Afler Fowells 1%5). 
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Table L Survival and development of Papilio gJaucus canadensis larvae on various potential foodplants. Madison, Wisconsin, 1980. 

Foodplant 

Balsam poplar 
Mountain ash 
Paper birch 
Trembling aspen 
Choke cherry 
Black cherry 
White ash 
Cucumber magnolia 
Hoptree 
Sassafras 
Spicebush 
Tulip tree 

(LSDf 

Initial 
larvae 

(n) 

52 
65 
61 
80 
62 
73 
51 
54 
53 
55 
69 
88 

Source 
Females 

(n) 

8 
10 
12 
20 
II 
15 
8 

11 
13 
10 
19 
21 

% survival through 

1st 3rd 
Instar lnstar 

69 37 
72 37 
85 67 
86 71 
82 66 
88 85 
84 57 
70 57 
77 34 
62 44 

1 0 
0 0 

Larval duratioIil 

days (n) 

34.3 :±: 1.0 (7) 
40.2 :±: 1.9 (11) 
40.9:±: 1.2 (I8) 
38.7:±: 0.8 (36) 
34.0:±: 0.7 (23) 
32.0 0.7 (40) 
44.1 1.5 (12) 
34.6 0.9 (16) 
36.6:±: 1.6 (11) 
36.9:±: 1.0 (17) 
All died (0) 
All died (0) 
(5.31) 

Pupal weight" 

(mg dry) (n) 

134.2:±: 4.5 (5) 
205.3 11.9 (II) 
187.2 8.2 (16) 
219.2:±: 7.2 (32) 
168.9 6.6 (21) 
219.9:±: 7.3 (27) 
201.6 :±: 10.6 (12) 
167.6:±: 12.5 (16) 
204.0:±: 12.5 (II) 
199.8:±: 10.1 (15) 

(0) 
(0) 

(48.5) 

Developmental rateb 
(weight gain/duration) 

3.9 
5.1 
4.6 
5.7 
5.0 
6.9 
4.6 
4.8 
5.6 
5.4 

>-l 
::r:: 
tTl 
0 
:;>::J 
tTl 
>
>-l 
r 
>
~ 
tTl 
en 
tTl 
Z 
d 
a-:: 
0 r 
0 
0-en 
>-l 

a Data are presented as a mean ± standard error. 
bPupal dry weight/total larval duration (= mg/day). 
cLeast significant differences (P 0.05, Tukcy's tcst; Winer 19(2) are indicated. 

<: 
!2
~ 
z 
~ 
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Table 2. Survival and development of Papilio glaucus glaucus larvae on various potential foodplants. Madison, Wisconsin. 1979. 

Initial Percent survival through: Larval durationli 

Foodplant 
larvae 

(n) 1st Instar 3rd Instar Days (n) 
Pupal weightb 

(mg dry) 
Developmental rate 

(weight gain/duration) 
..., 
::t: 
ttl 

Balsam poplar 
Mountain ash 
Paper birch 

0 
15 
14 

93 
79 

Not attempted 
80 
57 

Not done 
41.5 
41.8 

0 
7 
5 

272.9 :±: 
315.6 

8.2 
15.9 

6.6 
7.6 

0 
::0 
ttl 
;J>..., 

Trembling aspen 
Choke cherry 

8 
4 

13 
75 

0 
75 

All died 
40.2 1 248.7 6.2 

t"" 
;J> 
~ 

Black cherry 
White ash 
Cucumber magnolia 
Hoptree 
Sassafras 

14 
4 
6 
4 

10 

100 
100 
100 
75 
91 

57 
50 
67 
0 

46 

32.4 
Not done 

35.4 
All died 

35.6 

6 
0 
3 

3 

335.4 :±: 17.9 

249.0:±: 16.7 

213.2 :±: 20.4 

10.4 

7.0 

6.0 

ttl 
VJ 

ttl 
Z..., 
0 
~ 

Spicebush 
Tulip tree 

(LSD) 

6 
18 

50 
95 

0 
63 

All died 
30.6 5 301.1 ± 14.8 

(70.6) 

9.8 
0 
t"" 
0 e 
VJ..., 

aMean durations were calculated for each instar and added to obtain total dumtion here. hence there are no standard errors presented. 
bThe LSD (P 0.05, Tukey', test) excludes choke cherry from the analysis of variance. 

it 
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Fig. 3. The range of tUliptree, Liriodendron tulipifera (After Fowells 19(5). 

P. glaucus subspecies from Wisconsin fail to survive the second instar on spicebush, al
though larvae of yellow morph females in New York populations utilize this plant with 
slightly better success (Scriber 1975, Scriber et. aI. 1975). Spicebush does not occur natu
rally in Wisconsin, but does occur in much of New York State and throughout most of the 
eastern U.S. 

The close geographic correlation of the Canadian race with one of its favored foodplants, 
paper birch, is illustrated in Figure 2. Except for the section across northern Illinois, the 
ecotone separating this northero plant from tulip tree is rather sharply defined (cf. Figs. 2 
and 3; Remington 1968). Furthermore, this plant ecotone corresponds very closely to the 
line of demarcation (42-44° N latitude) between the two swallowtail butterfly subspecies in 
Michigan (M. C. Nielsen. pers. comm.) and New York (Shapiro 1974) (Fig. 4). 

Pupal weights, and presumably the size of resulting adults, is host-dependent and quite 
variable. Nonetheless, Wisconsin pupae of P. g. glaucus are generally 30-60% heavier than 
those of P. glaucus canadensis on any given foodplant (cf Tables 1 and 2). The significance 
of these size differences for reproductive isolation in Wisconsin (Ebner 1970) and elsewhere 
(Tyler 1975) is presently unknown. 

The extent of these physiolotllical, morphological, and ecological differences in Papilio 
glaucus subspecies deserves additional attention. In particular, it would be enlightening to 
know whether P. glaucus canadensis larvae outside of Wisconsin (e.g. the Canadian Yukon 
or Quebec populations) also lack the physiological abilities to utilize tuliptree and spicebush 
leaves. It would also be useful to assess additional populations of the southern subspecies, 
P. g. glaucus, throughout its range in order to determine the extensiveness ofits inability to 
utilize the favorite foodplants of P. glaucus calladellsis (e.g. trembling aspen). Such in
formation would provide a means of assessing the physiological implications of local feeding 
specialization (Gilbert 1979, Fox and Morrow 1981, Scriber and Slansky 1981), especially in 
regard to the "digestive efficiency hypothesis" of coevolution (Smiley 1978). 
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Fig. 4:: Distribution of the two subspecies of the eastern tiger swallowtail, Papilio glaucus, in relation to 
three closely related western species (After Brower 1957, 1959; Freeman 1951; McGugan 1958). 
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A LOW COST AND LABOR EFFICIENT METHOD FOR REARING 

BLACK CUTWORMS (LEPIDOP"rERA: NOCTUIDAE)1 


Eli Levine,2 S. L. Clement,3 and R. S. Schmidt4 

The black cutworm, Agrotis ipsilon (Hufnagel), has been and continues to be the subject 
of many biological and control studies in the north-central states. Interest in this insect can 
often be traced to its status as a major, but sporadic pest of field com in the region. 

In order to conduct studies on the black cutworm, entomologists have often relied on 
laboratory-reared insects. Previous attempts to mass rear black cutworm larvae on plant 
parts such as red clover leaves have met with high rates of mortality (40-50%) due to 
cannibalism and disease (Harris et al. 1958). Rearing this species individually on insect diet 
(Reese et al. 1972), however, is very labor-intensive. Thus, over the past five years we have 
attempted to develop a procedure to rear black cutworms with a minimum investment of 
labor and low rate of mortality. This work began at the Ohio Agricultural Research and 
Development Center, Wooster, but the method was perfected by the senior author at the 
Illinois Natural History Survey, Champaign. With this method of culturing, 1st through 3rd 
or 4th instar larvae are reared on corn seedlings and the resulting older larvae are transferred 
to diet to complete larval development. This procedure has the added advantages that larvae 
reared partially on com and used in research studies, appear to make the transition to corn 
seedlings more easily than larvae reared completely on artificial diet, and diet costs are 
greatly reduced. 

METHODS AND MATERIALS 

Rearing was conducted in a 271°C, 70 5% RH, and 16:8 h photoperiod room. A 
culture was started in spring 1979 from adults collected in Champaign County, Illinois. Ten 
moths (ca. 50:50 sex ratio) were placed in each of several 31 x 15 x 61-cm plastic bags (8-cm 
pleats) supported by a 22 x 22 x 22-cm wire frame and closed with a twist tie. Approxi
mately 20 small holes were punched in each bag for ventilation. The cages were provided 
with a 60-ml plastic cup containing cotton soaked with 10% honey solution and one sheet of 
paper toweling. Towels were checked 3 times weekly for eggs. Groups of eggs were cut from 
the paper sheet, placed in 0.5-liter plastic cups with plastic lids (5 pin holes were made in the 
lid to provide ventilation), and placed in a lOOC refrigerator until ready for use. Eggs were 
stored for up to one month without loss of viability. When larvae were needed, the plastic 
cups containing the eggs were transferred to the rearing room. Several leaves from young 
com seedlings (2-4 leaf stage plants) grown in flats in a greenhouse were placed in these 
containers to provide food for newly-emerged larvae. Containers were checked daily and 
new leaves added when the old ones had either dried out or been consumed. When most of 
the eggs had hatched (ca. 4-5 days), larvae were transferred en masse to large plastic 
containers (ca. 0.03 m3), lids of which were fitted with a 2 x 5-cm section of fine mesh 
screening. During very early larval development, most of the screened area was covered up 
with a petri dish top to maintain high humidity levels, but as larvae became larger (>2nd 
instar), this cover was removed. Fresh com leaves were added to the containers and decay
ing plant material was removed from the containers as needed. Several hundred larvae could 
be reared communally with this technique. We have found that we can rear larvae up to the 

IThis publication is a contribution of the Illinois Natural History Survey and the Illinois Agricultur
al Experiment Station, Conege of Agriculture, University of ntinois. 

2Section of Economic Entomology, lIlinois Natural History Survey, and Office of Agricultural Ento
mology, University of lIlinois, Champaign, IL 61820. 

3Biological Control of Weeds Laboratory, USDA-SEA-AR, 1050 San Pablo Avenue, Albany, CA 
94706. 

4Department of Entomology, Fisheries and Wildlife, University of Minnesota. St. Paul, MN 55108. 
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Table I. Developmental time in days of black cutworm life stages under culture conditions 
outlined in text. 

Life stage Developmental time (n)a 

Egg 3.0 :!: 0.0 (6 groups) 
Egg hatch to 3rd molt 6.9 :!: 0.3 (28) 
Egg hatch to 4th molt 10.4 :!: 0.4 (28) 
Larva (including pre-pupal stage) 31.4 :!: 0.6 (95) 
Pre-pupa 2.2 :!: 0.1 (95) 
Pupa 13.2 0.1 (95) 
Adult female, pre-ovipositional period 2.9 0.1 (8) 
Complete life cycle (oviposition to oviposition) 50.5 

ax SEen). 

3rd or 4th instar without significant cannabilism or outbreaks ofdisease. Larvae for on-going 
studies were easily removed with flexible-tipped forceps. 

To maintain the colony, approximately 75 3rd or 4th instar larvae were removed from the 
"communal" container on a weekly basis and individually reared on plugs of a meridic diet 
(Nielsen et al. 1980; 3 ml of mold inhibitor was used per batch of diet rather than 4% by 
weight, as specified by Nielsen et a1.), placed in 35-ml capped plastic cups. The plastic lining 
on the caps was oriented outward to prevent larvae from chewing through this moisture 
barrier. Larvae completed their development without further attention. Diet was made in 
quantity and frozen until needed. On a weekly basis, pupae were removed from the diet 
cups, washed free of debris with water, and placed en masse in a 0.5-liter plastic cup lined 
with a paper towel. Five pin holes were made in the plastic lids of these containers to 
provide ventilation. Pupae were stored in a lOoC refrigerator until ready for use. When 
adults were needed, the plastic cups containing the pupae were transferred to the rearing 
room. Cultures were renewed with feral adults or larvae collected in com fields at least once 
a year. 

RESULTS AND DISCUSSION 

Table I presents the developmental times of the life stages of the black cutworm under the 
culture conditions outlined above. 

We estimate that more than 90'% of the larvae transferred to diet successfully pupated and 
emerged. This procedure has been used at the Illinois Natural History Survey and the Ohio 
Agricultural Research and Development Center since 1979; during this time no disease 
outbreaks have occurred. With this procedure, less than 7 h/wk are required to rear a 
thousand or more larvae for biological and control studies. Space requirements with this 
method are also minimal; a medium-sized incubator could be used in place ofa rearing room. 
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POPULATION ASSESSMENT DURING THE ADULT STAGE 

OF THE ALFALFA BLOTCH LEAFMINER, AGROMYZA FRONTELLA 


(DIPTERA: AGROMYZIDAE)1 


D. G. Harcourt2 

ABSTRACT 

This paper presents a sampling procedure for estimating adult populations of the alfalfa 
blotch leafminer, Agromyza frontella (Rondani). The method is based on counts of the flies 
as they emerge from the soil following adult metamorphosis, taken in a series offurmel traps. 
Analysis of sampling variability showed that 80 traps per field will give adequate precision 
for life table studies in alfalfa. The pattern of counts was overdispersed but conformed to the 
negative binomial distribution. 

This paper is the third in a series dealing with sampling procedures for natural populations 
of the alfalfa blotch leaf miner, Agromyza frontella (Rondani) in fields of alfalfa. Earlier 
papers considered population assessment of the egg and larva! stages which occur on the 
plant (Harcourt and Birms 1980a), and the prepupal and pupal stages which are soil-borne 
(Harcourt and Binns 1980b). This article describes a method for estimating numbers of 
adults as they emerge from the soil, and the analysis of data leading to development of a 
reliable sampling plan for this stage. The technique is so designed that the data obtained can 
be integrated directly into life tables. 

The life history of the leafininer has been described by Guppy (1981). In eastern Ontario 
there are typically three generations a year. Briefly, the adults emerge from hibernation in 
early spring and deposit their eggs within the alfalfa leaflets. The larvae feed between the 
epidermal tissues, developing a characteristic blotch-type mine during the course of three 
instars. The mature larvae emerge from the mined leaflets and drop to the ground where they 
pupate just beneath the soil surface. The insect overwinters as a partially developed pupa 
that completes its development in early spring. Peaks of adult emergence occur in late May, 
early JUly, and early August. 

EXPERIMENTAL PLOTS 

The data were collected during 1980-1981 in conjunction with life table studies ofthe pest 
at two locations in eastern Ontario, the Central Experimental Farm, Ottawa, and the College 
of Agricultural Technology, Kemptville. The fields, each of which comprised a 0.4 ha (I ac) 
stand of pure Vernal alfalfa, were situated in flat terrain and contained an average of 440 
stems per m2 during the course of the study. Soil types ranged from clay loam to sandy loam. 

SAMPLING METHODS 

The adults were trapped as they emerged from the soil in each generation. Following 
harvest of the crop, an area measuring 30 x 30 m (100 x 100 ft) was marked off within each 
field and divided into four blocks of equal size. These were further subdivided into four 
equal plots and four traps were placed at random within each plot, making a total of 64. 

The traps comprised 22-cm diameter plastic funnels3 fitted with 24-oz screw-cap styrene 
jars as shown in Figure I. These were inverted over the crop stubble and secured by a nail 

IContribution No. 658. Ottawa Research Station, Agriculture Canada, Ottawa. 

20ttawa Research Station, Agriculture Canada, Ottawa, Ontario, Canada KIA OC6. 

3Bow Plastics Limited. Granby, Quebec. 
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Fig. I. Emergence traps used for A. fromella adults. The flies are trapped in ethylene glycol contained in 
the lid of the jar. The union between lid and funnel is sealed with plastic glue. 

driven through the funnel tab. A thin layer of ethylene glycol was poured into the lid ofeach 
jar to trap and preserve the flies as they emerged. The basal area covered by the trap was 
0.034 m2 (0.375 ft2). 

In preliminary studies during 1979, the funnel traps were compared for efficiency to larger 
pyramid traps (0.83 m2) previously used at Ottawa for emergence of the cereal leaf beetle, 
Oulema melanopus (L.), and its parasites (for description, see Gage and Haynes, (975). 
Data for 17 sampling dates on which 32 traps of each size were compared showed that 
relative efficiency, defined as the reciprocal of variance per m2 , was 2.5 times greater for the 
smaller trap than for the larger. 

The flies were counted at weekly intervals during peak periods of emergence. At sam
pling, the jars were removed and the flies separated from the liquid in the lids by means of a 
small art brush. An average of 1.5 min was required to count and remove the contents of 
each trap. 

In the two years, numbers of emerging adults were recorded on a total of 35 occasions. 
The totals for individual traps ranged from 0 to 131 and means per population sample (of 64 
traps), from 1.0 to 31.5. 

STATISTICAL ANALYSIS 

Detection of tbe spatial pattern. Using th.e Fortran program ofGates & Ethridge (1972), the 
Poisson (S2 = m) and negative binomial (S2 = m + m2/k) distributions were fitted to the 35 
sets of data and tested by X". When Poisson distributions were fitted to the observed 
distributions, discrepancies between observed and expected values were significant in 27 
cases. However, the frequencies of all counts closely approximated the negative binomial 
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Fig. 2. Variance-mean relationships for 35 counts of A. Jrontella adults taken in emergence traps. Each 
point plotted is based on a sample of 64 traps. 

Table I. Results of analysis of variancea for counts of emerging adults of the alfalfa blotch 
leafminer, 14 June 1980. 

Source of variation df Observed mean square F 

Blocks 3 0.066 0.316 
Plots within blocks 12 0.209 1.215 
Traps within plots 48 0.172 

aTransformed scale. 

series, and deviations between observed and expected values were significant in only one 
case. Individual k values ranged from 1.01 to 7.56. The common value ofk as determined by 
the regression method of Bliss (1958) was 1.42. 

Variance-mean relationships for the 35 counts are illustrated in Figure 2. The over
dispersed nature of the data is clearly shown by the plotted values, which depart noticeably 
from the 45° line of Poisson expectation to attain a slope of 1.33. 
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Table 2. Estimates of the numbers of traps required for two confidence probabilities and a 
15% level of precision in sampling for adults of the alfalfa blotch leafminer. 

Confidence probability 

Sample Mean number per trap CV .80a .90b 

1980 

1 	 9.9 1.2 83 50 83 
2 	 7.0 0.7 64 30 49 
3 	 4.5 0.5 70 36 59 
4 	 14.2 ± I.l 55 22 36 
5 	 4.0 ± 0.4 64 30 49 
6 	 1.7 ± 0.2 94 65 106 
7 	 12.1 ± 1.0 58 25 40 
8 23.0 ± 2.7 82 49 81 
9 	 4.5 0.6 90 59 97 

10 3.4 0.4 89 58 95 
II 28.8 3.6 96 67 III 
12 31.5±3.1 78 44 73 
I3 20.0 ± 2.1 84 52 85 
14 	 6.5 ± 0.7 93 63 104 
15 	 4.5 ± 0.6 99 72 118 
16 	 4.4 ± 0.5 90 59 97 
17 	 3.6 ± 0.3 65 31 51 
18 	 7.3 0.6 66 32 52 
19 2.3 0.2 74 40 66 
20 1.1±0.1 109 87 143 

1981 

21 	 13.0 ± 1.4 88 57 93 
22 5.1 ± 0.6 88 57 93 
23 10.1 ± 1.0 76 42 69 
24 3.4 0.4 91 60 100 
25 9.2 0.8 71 37 61 
26 2.8 ± 0.3 89 58 95 
27 9.7 ± 1.4 113 93 154 
28 11.0 ± l.l 80 47 77 
29 	 7.1 ± 0.7 100 73 120 
30 	 6.7 ± 0.5 60 26 43 
31 	 3.7 0.5 106 82 135 
32 	 7.7 0.8 79 46 75 
33 	 5.1 0.5 81 48 79 
34 	 1.3 ± 0.2 114 95 156 
35 	 1.0 ± 0.1 107 84 138 

= 	 1.2816. 

1.6449. 


Analysis of variance. The statistical methods used in this study follow those of Harcourt 
and Binns (I980ab). The data were analysed using a nested analysis of variance (among 
blocks, among plots in blocks, and among traps in plots). In these analyses the data were 
stabilized by the transformation log (x + I), where x is equal to the observed count. The 
analysis of variance is illustrated (Table I) using one of the sets of data. 

Analysis of the 35 counts showed that variation between blocks and plots was significant 
in just two and seven cases, respectively. Although this implied that variation between traps 
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Table 3. Levels of precision corresponding to certain values ofN, and I a for adults of the 
alalfa blotch leafminer. 

Ns Confidence probability (1 - a) Percent precision (p)a 

80 0.8 12 
0.9 15 

70 0.8 13 
0.9 17 

60 O.S 14 
0.9 18 

50 0.8 15 
0.9 20 

ap z CVvNs 

comprised most of the sampling variance, it also indicated that some heterogeneity occurred 
throughout the field. For this reason, it was deemed adequate to adopt a single stage 
sampling procedure. Hence, a sampling plan for estimating numbers of emerging adults 
should provide for a number of traps well spread out over the field. 

Sampling precision. Table 2 lists the estimates of population density together with their 
standard errors in the untransformed scale. Invariably. the latter were within 15% of the 
mean. 

OPTIMUM ALLOCA nON OF SAMPLING RESOURCES 

To avoid interpretive problems associated with presenting sampling recommendations in a 
transformed scale, raw data were used to investigate the sample size for predetermined 
confidence limits. The inter-trap coefficients of variation (CV) were derived as lOOs{m. 
These ranged from 55 to 114 (Table 2). 

Following Snedecor and Cochran (1967), the number of traps corresponding to a confi
dence interval of width p% of the mean (m) at a probability level of 100 (l - a)% was 
calculated as 

Ns (z.. CV{p)2 

where CV is the percent coefficient of variation, p is the level of precision, and z.. is the 
1 a{2 significant value for the standard normal distribution. 

U sing this equation. values for Ns were obtained for confidence probabilities of 0.8 and 
0.9, and a 15% level of precision (Table 2). The data were then averaged to determine the 
precision corresponding to certain given values ofNs' 1 -a, and a CV of 84; the latter was 
chosen by taking its rounded arithmetic mean over dates. Precisions corresponding to sam
ple sizes of 50,60,70, and SO traps, with confidence probabilities of 0.8 and 0.9 are given in 
Table 3. From these results, it is evident that an acceptable confidence probability (O.S) and 
level of precision (12%) for life table studies can be obtained with 80 traps per field. To 
obtain a greater or lesser degree of precision, numbers of traps should be increased or 
decreased accordingly. 

DISCUSSION 

In determining the sample size for target insect stages, it is important to evaluate the costs 
of sampling. In these terms, only 120 min (=2h) would be required to count and remove the 
contents of 80 traps. However, where resources are limited or less intensive data are re
quired (as in surveys), a lower level of precision could be adopted; Table 3 shows that just 50 
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traps would yield a population estimate that provides a confidence probability of 0.8 and a 
level of precision of 15%. 

In the foregoing statistical appraisal, untransformed data were used to set the sample size 
for specified precision. As a rule, sampling plans based on log-transformed data tend to 
underestimate the sampling requirement; therefore, in situations where log-transformed data 
are appropriate, a plan based on non-transformed data should ensure adequate precision. 

ACKNOWLEDGMENTS 

The author is grateful to L M. Cass for his considerable help on design of the trap and to 
1. S. Walker for collecting the field data. 

LITERATURE CITED 

Bliss, C. 1. 1958. The analysis of insect counts as negative binomial distributions. Proc. 10th 
Int. Congr. Entomol. 2:1015-1032. 

Gage, S. H. and L L Haynes. 1975. Emergence under natural and manipulated conditions 
of Tetrastichusjulis, an introduced larval parasite of the cereal leaf beetle, with reference 
to regional population management. Environ. Entomol. 4:425-434. 

Gates, C. E. and F. G. Ethridge. 1972. A generalized set of discrete frequency distribution 
with Fortran program. J. Int. Assoc. Math. Geo. 4:1-24. 

Guppy, J. C. 1981. Bionomics of the alfalfa blotch 1eafminer, Agromyzajrontella (Diptera: 
Agromyzidae), in eastern Ontario. Canadian Entomol. 113:593-600. 

Harcourt, D. G. and M. R. Binns. 1980a. A sampling system for estimating egg and laryal 
populations Agromyza frontella (Rond.) (Diptera: Agromyzidae) in alfalfa. Canadian 
Entomol. 112:375-385. 

----. 1980b. Sampling techniques for the soil-borne stages of Agromyza frontella 
(Diptera: Agromyzidae). Great Lakes Entomol. 13: 159-164. 

Snedecor, G. W. and W. G. Cochran. 1967. Statistical methods. Iowa State Univ. Press. 
Ames. 6th ed. 



1982 THE GREAT LAKES ENTOMOLOGIST 55 

GENETIC DIFFERENTIATION AMONG THREE SPECIES OF 

PARDOSA (ARACHNIDA: L YCOSIDAE) 


N. c. Elliott, I R. J. Wolff,2 W. E. Johnson,3 and J. G. Engemann4 

ABSTRACT 

AlJozymic vanatlOn in nine protein producing loci was examined in three species of 
Pardosa using starch gel electrophoresis. Allozyme frequencies showed a high degree of 
geographic uniformity among conspecific populations. Estimated heterozygosities for the 
three species ranged from 0.05 to 0.15. Rogers' coefficients of genetic similarity based on 
allozyme frequencies averaged over conspecific populations ranged from 0.16 to 0.37 forthe 
three species. 

Pardo sa are active wandering spiders of the family Lycosidae, the wolf spiders. About 50 
species are known from North America, but many are morphologically similar and difficult 
to identify. This is especially true for the majority of species that occur in the western 
United States. Additional taxonomic characters would be valuable in reducing systematic 
confusion. 

Allozymic variation in proteins is a useful tool for investigating systematic relationships of 
closely related species (Avise 1974). Allozymic variation in the proteins commonly ex
amined has a simple genetic basis. While it is recognized that more genetic variation may be 
present at most loci than can be detected by electrophoretic techniques, electrophoretic 
studies yield useful information concerning levels of genetic variation within and among 
species of animals and plants. In general, studies indicate a high degree of genetic similarity 
among conspecific populations. Nei (1978) has shown that it is often possible to adequately 
characterize the total a1lozymic variation within a species from one or a few population 
samples. Congeneric species generally show much lower levels ofgenetic similarity than do 
conspecific popUlations. Comparisons among congeneric species yield phenetic groupings 
which usually correspond closely with those derived by classical methods (Avise 1974). 

The purpose of this study is to assess the potential value of electrophoretic data as a 
taxonomic tool within the Pardosa and to compare the level of allozymic variability in the 
genus with levels of a1lozymic variability observed in other animal groups. 

MATERIALS AND METHODS 

This study was based on ]59 specimens representing three species of Pardosa collected 
during the summer of 1976. Pardosa moesta Banks was collected from four locations: Mott 
Preserve, Van Buren Co., MI, the Kalamazoo Nature Center, Kalamazoo Co., MI, roadside 
grass, Chippewa Co., MI, and City of Marquette, Marquette Co., ML Pardosa milvina 
Hentz was sampled from two locations: Standing Stone State Park, Clay Co., TN, and 
Wildwood Trailer Park, Jackson Co., IL. Pardosa distincta Blackwall was collected from 
two locations: roadside grass, Luce Co., MI, and the City of Marquette, Marquette Co., ML 
Specimens were collected within an area of approximately 100 m2 and returned to the 
laboratory alive; they were then stored at -70"C until just prior to electrophoresis at which 
time the animals were individually homogenized in 0.1 ml 0.2 M Tris HCI, pH 7.8. The 

IEntomology Department, Michigan State University. East Lansing, MI 48824. 

2Biology Department, Trinity Christian CoUege, 6601 West College Drive. Palos Heights. IL 60463. 

3Genetics Center, Case Western Reserve University. 2119 Abington Rd .. Cleveland, OH 44101. 

4Biology Department, Western Michigan University. Kalamazoo, MI 49008. 
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homogenate was absorbed onto two smail rectangular pieces of No. 3 filter paper and 
applied to two horizontal starch gels. Electrophoresis and histochemical staining were per
formed as described by Selander et aL (1971) and Brewer (1970). Samples were assayed 
using two buffer systems. Isocitrate dehydrogenase (IDH-l and IDH-2), lactate dehydro
genase (LDH), a-glycerophosphate dehydrogenase (a-GPD), and hexokinase (HK) were 
resolved using buffer system No.5 (Selander et at., 1971). Phosphoglucose isomerase (PGI). 
phosphoglucomutase (PGM), and general protein (Pf-2 and Pf-4) were resolved using buf
fer system No.2 (Selander et aI. 1971). All proteins migrated anodally on the buffer systems 
used. 

Allozymes at a particular locus were alphabetized according to their relative mobilities on 
the specified electrophoretic buffer systems, without regard for species; the fastest migrat
ing allozyme was designated (a) while correspondingly slower allozymes were designated b. 
c, and so on. Determinations of identity and non-identity were made on the basis of side by 
side comparisons or near juxtaposition on the same geL Standards containing the most 
common allozymes occurring at each protein system for moesta and milvina were placed at 
various locations on each gel to insure that frequently encountered a1lozymes were not 
misidentified. Low frequency allozymes at each protein for which direct comparisons could 
not be made were grouped into one class designated (other) in Table I; allozymes in this 
class were not included in comparisons of genetic similarity among species. 

Rogers' coefficient of genetic similarity (Rogers 1972) was used to estimate the degree of 
genetic similarity among the three species. 

The genetic interpretation of our results was inferential since progeny studies were not 
undertaken. However, our results were supported by the general agreement of genotypic 
frequencies with those expected under conditions of Hardy-Weinberg equilibrium and by 
patterns of allozymic variation in other animal species. 

Table I. Sample size and allozyme frequencies for nine variable proteins in eight populations 
representing three species of Pardosa. 

Populationa 
Protein 

Allozyme 2 3 4 5 6 7 8 

Sample size 30 26 II 15 30 27 II 9 

PGI 
Pgia 
Pgib 

.00 

.00 
.00 
.00 

.00 

.00 
.00 
.00 

.00 

.00 
.00 
.00 

.09 

.45 
,17 
.05 

PgiC 

Pgid 
.00 
.07 

.00 

.08 
.00 
.09 

.00 

.07 
.00 
.05 

.13 

.00 
.00 
.00 

.00 

.00 
Pgie 
Pgif 

.00 

.93 
.00 
.90 

.00 

.86 
.00 
.90 

.00 

.93 
.00 
.83 

.41 

.00 
.78 
.00 

other .00 .02 .05 .03 .02 .04 .05 .00 

PGM 
Pgma .00 .00 .00 .00 .00 .00 .09 .10 
Pgmb .95 .94 .94 .94 .00 .00 .32 ,33 
PgmC 

Pgmd 
other 

.00 

.00 

.05 

.00 

.00 
,(16 

.00 

.00 

.06 

.00 

.00 

.06 

.00 

.93 

.07 

.00 

.93 
,07 

.55 

.00 

.04 

.53 

.00 

.04 

!DH-I 
Idh-la 1.00 1.00 .95 1.00 .03 .09 .90 .56 
Idh-Ib .00 .00 .00 .00 .90 .91 .00 .00 
Idh-ld .00 .00 .00 .00 .00 .00 .05 .44 
other .00 .00 .05 .00 .07 .00 .05 .00 
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Table I. (Continued) 

Population a 
Protein 

Allozyme 2 3 4 5 6 7 8 

IDH-2 
Idh-2a .97 .92 .95 .90 .00 .00 .00 .00 
Idh-2b .00 .00 .00 .00 .00 .00 1.00 1.00 
Idh-2c .03 .04 .05 .10 1.00 1.00 .00 .00 
Idh-2d .00 .04 .00 .00 .00 .00 .00 .00 

a-GPD 
a-Gpda 

a-Gpdb 
1.00 
.00 

1.00 
.00 

1.00 
.00 

1.00 
.00 

.00 

.97 
.00 
.98 

.00 

.00 
.00 
.00 

a-Gpdc .00 .00 .00 .00 .00 .00 1.00 1.00 
other .00 .00 .00 .00 .03 .02 .00 .00 

LDH 
Ldha .97 1.00 1.00 .93 .00 .26 .00 .00 
Ldhb .00 .00 .00 .00 .13 .00 .00 .00 
Ldhd .00 ,00 .00 .00 .85 .74 1.00 1.00 
other .03 .00 .00 .07 .02 .00 .00 .00 

HK 
Hka 1.00 .98 1.00 1.00 .00 .00 .00 .00 
Hkb .00 .00 .00 .00 .97 1.00 1.00 1.00 
other .00 .02 .00 .00 .03 .00 .00 .00 

PT-2 
1.00 1.00 1.00 1.00 1.00 1.00 .00 .00 
.00 .00 .00 .00 .00 .00 1.00 1.00 

PT-4 
Pt-4a I.OO 1.00 1.00 1.00 1.00 I.OO .00 .00 
Pt-4b .00 .00 .00 .00 .00 .00 1.00 1.00 

al_p. moesta, Mot! Reserve, Van Buren Co., MI; 2-P. moesta. Kalamazoo Nature Center. Kalama· 
MI: 3-P. moesta. roadside grass. Chippewa Co. MI: 4--P. moesta. City of Marquette. Mar-

MI; 5-P. milvina, Standing Stone State Park. TN; 6-P. milvina. Wildwood Trailer 
Park, Co., IL; 7-P. distincta. roadside grass, Luce MI; S-P. disrinc/a, City of Marquette. 
Marquette Co .. ML 

RESULTS AND DISCUSSION 

Allozyme frequencies and sample size for the nine proteins studied are shown in Table I. 
One allozyme predominated in all populations of a species at most proteins; however, in 
distincta two allozymes were present in varying frequencies at PGI and IDH-1. There was 
some sharing of alIozymes among species. i.e. Idh·la was found in all three species and 
Pgid, Pt-za. Pt-4a, Idh-Zc Hkb, Ldha. Ldhc, and Pgmb were found in two species. 

The geographic pattern of allozyme frequencies within each of the three species showed a 
high degree of uniformity. This pattern is typical fOf animal species with high dispersal 
abilities (Soule 1976). Pardosa are active dispersers with frequent observation of ballooning 
in which the spiders spin out silk and are picked up and carried long distances by the wind. 

The estimated average levels of heterozygosity (H) based on the nine proteins studied 
were 0.05, 0.10, and 0.15 for moesta, milvina, and distincta. respectively. Because levels of 
heterozygosity vary widely among loci, estimates of H based on small numbers of loci must 
be interpreted cautiously. However. it has become apparent from the numerous studies that 
have been completed that not all types of organisms are equally variable (Selander 1976). 
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Table 2. Rogers' coefficients of genetic similarity 
among three species of Pardosa. 

moesta milvina distincta 

moesta 1.000 0.371 0.157 
milvina 0.371 1.000 0.260 
distincta 0.157 0.260 1.000 

The estimated level of heterozygosity for the three species of Pardosa (H 0.10) was 
similar to that found for other invertebrate species groups (Nevo 19781. 

Estimates ofgenetic similarity (S) among the three species ranged from 0.16 to 0.371Table 
2) with a mean across species (S) of 0.27. Most groups ofclosely related congeneric species 
studied show somewhat higher estimates of S (Avise 1974). The low estimate of S for the 
three Pardosa species may have been due to the chance selection of proteins for our study 
which were highly differentiated in Pardosa. Perhaps the study of addit:ioIla.I proreins would 
have resulted in an increased estimate of average genetic similarity. Alternath"e!y. the low 
estimate of S for the three species may reflect a truly high level ofgenetic divergence among 
the species in spite ofconsiderable external morphological similarity ...oJ! three species occur 
in similar habitats and it is possible that selection for similar external morphology has 
obscured a high level of genetic divergence among the species. 

In our study a-GPD served as a diagnostic taxonomic criterion for differentiating the three 
species, since no two species shared common allozymes at that locus....1liIe the probability 
of miscIassifying a species using IDH-2 as a criterion was no greater than 0.01. Ifahigh level 
of divergence in allozymes is characteristic of the genus as a Whole. it is coocei\"abIe that 
relatively few protein-producing loci could serve as a taxonontic basis for differentiating 
species in the genus. 
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A NEW METHOD FOR EXPOSING DEPOSIT FEEDERS TO 

CONTAMINATED SEDIMENTS FOR FOOD CHAIN STUDIES 


Dale Roberts and Peter G. Meier l 

The ubiquity and refractory nature of certain organic compounds, such as chlorinated 
pesticides and polychlorinated biphenyls (PCB's), results in their accumulation in aquatic 
sediments <Holdrinet et al. 1978, Peck et al. 1980, Wang et al. 1979). Their continuous 
release from this reservoir through physico-chemical and biogenic processes to the over
lying water column results in the accumulation of xenobiotic compounds in the food chain. 

Accumulation of organics within organisms can be accomplished through several routes. 
Direct uptake from water across gill and membrane surfaces bas been suggested by some as 
the main mechanism (Nisbet and Sarofim 1972, Fowler et al. 1978). Others have shown that 
the accumulation by aquatic invertebrates and fish is a two step process: desorption from 
sediments into water and uptake from water by the biota (Halter and Johnson 1977). Recent 
studies have documented the importance of direct uptake of organics by sediment-ingesting 
benthos (Fowler et al. 1978, Langston 1978, Meier and Rediske 1979). However, contro
versy still exists as to the role water and/or sediment concentrations play regarding accumu
lation and biomagnification of these compounds in food chains. 

In examining the uptake and behavior of organics in food chain organisms, it is important 
to expose test animals in such a manner that the results are reproducible, statistically 
significant, and applicable to natural systems. Several methods have been described in the 
literature. Researchers who exposed algae and/or invertebrates to contaminated water failed 
to consider the role of sediments in studies concerning low water soluble compounds. Often 
these exposures are made at artificially high concentrations of test material in water (Hattula 
and Karlog 1973, Melancon and Lech 1976, Sandlers and Chandler 1972). In other food 
chain studies, test animals were fed a contaminated synthetic processed food which did not 
simulate natural conditions (Zitko 1974, 1977; Hanson et al 1976; Narborne 1979). 

The purpose of the study was to develop a method that would aid in food chain studies by 
providing: (I) A predictive capability through manipulation of the biomass-sediment ratio to 
achieve the desired body burden in the food organism; (2) A large number of sediment 
associated organisms with similar body burdens; (3) An application in a variety of situations 
with different substances and test organisms; and (4) Reproducible results. 

MATERIALS AND METHODS 

Test organisms were larvae of Chironomus plumosus Meigen (Diptera: Chironomidae) 
collected from oxidation lagoons in Fowlerville, Michigan. These midges were maintained in 
38-liter aquaria according to the method described by Meier and Torres (1978) (Fig. I). The 
numerous egg masses obtained from the adults of the wild collection served as the-starting 
material for the laboratory culture. Background concentration of PCB's in the midges was 
insignificant at an analytical level of <0.05 jJ.g/g wet weight. 

The polychlorinated biphenyl used in this study was 14C labeled 2,4,5,2' ,4',5' hexa
chlorobiphenyl packaged in crystalline form at 1.5 mg per vial. 2 The content was dissolved 
with 15 ml of acetone and then diluted with distilled water to a concentration of 0.1 mg/ml. 
This stock solution was added in specific volumes to each of the incubation vessels for the 
desired concentration, 

1 Department of Environmental and Industrial Health, School of Public Health, The University of 
Michigan, Ann Arbor, MI 48109. 

2Source: California Bionuclear Corporation; Specific Gravity: (mCi/I11i\.!.)24; Activity per vial: 
0.1 mCi. 
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Fig. I. Schematic representation of laboratory culture of Chironomus p!um05us. 
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Fig. 2. Design of midge dosing chamber. 

The exposure apparatus for the midges consisted of six 4-liter glass chambers IFig. 2). 
Each vessel was sealed airtight with silicone rubber, except for an inlet and outlet. The 
incoming air was filtered through a carbon column which removed any potential con
taminants (i.e. oil and PCB's) from the hydraulic pump of the aeration system. The outgoing 
air was passed through another carbon filter to remove any PCB passing out from the 
chambers. For more volatile compounds, this set up can be modified with the addition of 
secondary butyl alcohol and potassium hydroxide trap in series behind each chamber. These 
compartments may then be analyzed separately and summed for obtaining a mass balance. 

Preliminary studies showed that midge larvae in the closed system readily and quickly 
accumulated sediment-associated PCB as a result of ingestion. These tests helped in de
termining the sediment to biomass ratio which most effectively and efficiently met the 
objectives. Hence, 25 g of paper towel (dry weight) were macerated in a blender with I liter 
of distilled water and poured in each chamber. An additional 2 liters of water containing the 
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necessary amount of 14C labeled PCB in solution, were added to the vessels. Each was 
stirred by aeration for 24 h to assure even distribution of PCB and adsorption onto the 
macerated paper substrate. A small amount of midge food was then added (Meier and Torres 
1978). After 6 h, 20 g of III and IV instar midge larvae were transferred to each chamber. 
The larvae rapidly settled into the sediment and started feeding on the bacteria-enriched 
sediment. The flow of air to the vessels was then reduced to minimize the disturbance of the 
settled substrate. Each uptake experiment lasted approximately two weeks over which 
period the midges accumulated predictable body burdens of PCB. Food was added once 
every three days and the water was changed once a week. 

Replicate dosing chambers contained I, 10, and 100 [.Lgfg of PCB-contaminated substrate. 
On alternating days each vessel was analyzed for [14C] PCB in the water, in sediments, and 
in midges. These samples were appropriately treated and analyzed by the liquid scintillation 
method (Wang and Willis 1%5). A standard quench curve was generated for converting 
counts-per-minute to actual disintegrations-per-minute (dpm). The dpm were converted to 
[.Lg/g PCB by utilizing the specific activity of the labeled chlorobiphenyl. The concentration 
of PCB was plotted against time to generate the necessary uptake. The experiment was 
terminated when the midge population reached desired body burdens of 1,10, and 100 [.Lgfg. 
The larvae were separated from the sediments, washed, and then frozen for the food chain 
study (Meier and Roberts, in press). These experiments were repeated seven times to assure 
their reproducibility and also to obtain sufficient biomass of labeled midge larvae. Later 
dosings were sampled only intermittently, since dosing criteria had been established from 
the first experiment. 

RESULTS AND DISCUSSION 

Uptake of Sedimentary PCB by Chironomids: Preliminary Study 

A preliminary experiment was performed to aid in determining the dosing criteria for the 
midge uptake study. By examining the uptake characteristics in a saturated system (30 g 
midge larvae to 10 g sediments) one could design future dosings so as to best achieve the 
goal of producing large numbers of midge larvae with similar body burdens. In the pre
liminary study, different compartments were examined over time to determine the fate of the 
PCB in the dosing chamber. The results demonstrated the efficiency by midges in stripping 
off sedimented PCBs and incorporating them quickly (Fig. 3). The body burden of 3 [.Lgfg 
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Fig. 3. Preliminary study: Plot of PCB concentration in sediments and the corresponding PCB uptake by 
Chiranomus plumasus larvae in fLg/g wet weight. 
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was established almost immediately. A mass balance petformed on the sediments and larvae 
amounted to 95% of the added PCB. The unaccounted portion was most likely either sus
pended or dissolved in the water column. As the result of this investigation. dosing param
eters for the actual uptake studies were set at 20 g larvae and 25 g contaminated sediment for 
each chamber. The limiting effect of sediment mass and PCB concentration a,oided drasti
cally overshooting the desired levels of the chemical in the insect as well as maximizing 
sediment-organism content. 

Uptake of Sedimentary PCB by Chironomids: Actual Stud~ 

Seven separate uptake experiments, each with three different concentrations. were car
ried out employing this method. The results showed that benthic organisms can accumulate 
significant concentrations of PCB through direct uptake from contaminated sediments over 
a short time. In addition, the final concentrations of PCB at each dosing level for all experi
ments were very similar (Table I). Besides that, large numbers of labeled food organisms 
were prepared for food chain studies. 

The uptake of the radio-chemical followed first order rate kinetics after -lS h and showed a 
dose-dependent relationship between substrate concentration and body b-urden. lbe initial 
nonlinear portion of the uptake curve for each concentration was attrib-uted ro fiIIing the 
intestinal tract with contaminated sediment (Fig. 4). Some of the contaminated l.a.nae ....ere 
placed in clean sediments for 24 h and their body burdens were reduced. lbe procedure of 
facilitated removal ofcontaminated gut material was not practiced in the actual dosing srudy 
since consumer· predators ingest entire organisms, including gut material. 

Figure 4 summarizes graphically the range of uptake concentrations in midges fiX the high 
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Fig. 4. Summary of sedimentary PCB uptake by Chironomus plumasllJ at a sediment concentration of 
10 jJ.g/g for all experiments. 
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Table 1. Summary of the final biomass concentrations 
of PCB in C. plumosus for the seven sets of dosings. 
Concentrations are given on a wet-weight basis (p.g/g). 

Sediment Concentration 

Date 1 p.g/g 10 p.g/g 100 p.g/g 

15/8/79 0,1213 1.2212 12.0548 
5/9/79 0.1083 1. 1321 10.5863 
24/9/79 0.0983 0.9976 10.0041 
15/10/79 0.0898 0.9296 8.8714 
8/11/79 0.1146 1.1869 11.3847 
11/1/80 0.0866 0.8971 9.4836 
25/1/80 0.1018 1.0792 10.0616 

Mean 0.1028 1.0633 10.2494 
SD 0.0127 0,1217 1.3507 

dosing level over time. Following the initial fast uptake, the body burdens were increasing 
consistently to the desired levels. The projected concentrations were reached for all levels of 
exposure in a two-week period for all sets of dosing. Approximately 3500 midge larvae of 
similar body burden and weight were obtained for each level of exposure for use in the 
second step uptake studies with fish. 

In summary, this economical method permits the researcher to manipulate the organism
sediment ratio to assure pre-determined body burdens in test organisms. In addition, this 
technique is applicable in preparing large quantities of sediment ingesting organisms (natural 
food) that have a similar concentration for food chain studies. Finally, this method does 
produce reproducible results in batch experiments. 
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