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LIFE HISTORY AND ECO LOGY OF 

THE ZEBRA M USSEL 


Knowledge of the life history, ecol
ogy, and behavior of an exotic species is 
essential to the reliable prediction of 
significant impacts and the fonnula tion 
of a strategy for mitigation and control 
(Nalepa and Schloesser 1993). With re
spect to the zebra mussel (Dreissena 
polymorpha (Pallas», the attributes of a 
short life span, rapid growth, a high 
reproductive rate, and capability of dis
persion by both larvae and adults re
su lts in a specieswhichis highly invasive. 

Life History Attributes. The zebra 
mussel, or sometimes called the travel
ing mussel, is a bivalve in the Class 
Mollusca. This bivalve has a 2-5 year life 
span and reaches a maximum adult size 
ofabou t 2.5 cm (Mackie et al. 1989). The 
sexes are usually separa te with a 1:1 sex 
ratio. 

Females begin to spawnby the end of 
their first year of life, when the water 
reaches approximately 12°C (Neumann 
1993). A single female can release more 
than one million eggs per spawning 
event (Sprung 1993). The eggs are fertil 
ized in the water and hatch into a larval 
stage that develops a thin shell and is 
called a veliger. The veliger, which has 
an initial diameter of 40-70 urn, swims 
weakly and is a temporary member of 
the plankton community. Unlike native 
mussels that have an obligate vertebrate 
host (fish) during larval development, 

zebra mussel larvae are free-swimming. 
After abou t 14-21 days, the post-veliger 
grows to 180-200 urn, develops a thicker 
shell, and seeks anappropriate substrate 
on which to settle. Once settled, zebra 
mussels attach to any hard surface by 
means of byssus thread s. This byssus is 
composed of an elastic protein coated 
by an adhesive secretion, and is pro
duced by a gland in the foot. 

In the juvenile an d adult stages, the 
animal can move over short distances 
by dissol ving and reforming the byssus. 
It has been reported that zebra mussels 
move very little once mature. However, 
recent research demonstrates that adult 
zebra mussels will move over short dis
tances in order to find a favorable loca

tion for attachment. Ind ividuals have a 
tendency to aggregate, and densities of 
up to 700,000 adults per square meter 
have been observed in intake channels 
within the Great Lakes. 

Ecology and Behavior. As a settled 
juvenile and later as an ad ult, the zebra 
mussel uses its gills to filter water 
through the mantle cavity, removing 
and consuming phytoplankton and 
other suspended material. Although 
these animals are trophic generalists as 
planktivorous adults, preferred foods 
include solitary species of green algae 
and diatoms. They filter a wide range of 
suspended particles from the water, but 
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select food particles of the preferred size 00-40 fm) (Ten 
Winkel and Davids 1982). Zebra mussels capture the rejected 
particles in mucus and discharge them as pseudofeces through 
the inhalant siphon. Pseudo feces are often higher in metals 
and other contaminants than ambient sediment particles. 

A number of factors affect the settlement capabilities of 
zebra mussels. The adhesion strength of settled adults varies 
widely depending on material composition. Byssal attach
ment is weakest on plexiglass and smooth teflon and stron
gest on smooth metal and limestone cobble. Although hard 
substrates are preferred, investigations indicate that virtually 
all freshwater aquatic habitats are vulnerable to colonization 
regardless of substrate type. Densities ranging from 53,000 to 
278,000 organisms per square meter were found on sedimen t 
composed of 30-40% silt and 40-62% fine sand. Contaminant 
concentrations may also be increased in these sediments, 
including polyaromatic hydrocarbons, metals, and total or
ganic carbon. 

Zebra mussel distribution is limited by environmental 
conditions (Ludyanskiy et al. 1993). In general zebra mussel 
populations can be found at a salinity of 0-4 ppt, a pH level of 
7.4-9.0, a calcium concentration of 20-125 ppm, turbidity of 
40-220 em (measured by Secchi d isc), and a dissolved oxygen 
concentration of 8-10 ppm. Optimum filtration rates occur at 
20 C, and drop off rapidly at temperatures in excess of 25 C. 
Settlement and attachment generally do not occur when 
water velocities exceed 1.2 m /sec. 

DISTRIBUTION OF THE ZEBRA MUSSEL 

An accurate assessmen t of the geographic origins of an 
invading species is essential to an appraisal of its environ
mental tolerance range and can allow the more accurate 

prediction of eventual distribution. Knowledge of the native 
range of an exotic species is also needed to conduct a search 
for potential predators and pathogens for use as biological 
control agents. 

Members of the genus Dreissena probably evolved in the 
early Eocene epoc (Ludyanskiy et al. 1993). The zebra mussel 
is native to the Black, Aral, Caspian, and Azov Seas of eastern 
Europe and western Asia. Thus we can assume that it is a 
temperate, cold-adapted species. By the mid-1800's it had 
spread throughout much of Europe, mostly by means of river 
canals. It did not reach Scandinavia until the 19405, Switzer
land until the late 19605, and asof the mid-1970s it had still not 
reached Spain or Ireland . 

Discovery in North America. Adult zebra mussels were 
found for the first time in North America in June, 1988 in 
bottom material from Lake St. Clair, which links Lake Huron 
and Lake Erie. Zebra mussels may have been unintentionally 
introduced as veligers in ballast water from trans-Atlantic 
commercial vessels originating from Black Sea ports, prob
ably in 1985 or 1986. Given the low probability of survival and 
establishment from a single introduction, multiple introduc
tions are most likely. Studies of the genetic ma terial of numer
ous established populations also suggest that more than one 
invasion event occurred (Hebert et al. 1991). 

Other Dreissena in North America. At least one other 
species, Dreissena bugensis Andrusov, has been discovered in 
North America. It has been informally dubbed the quagga 
mussel, after an extinct species of zebra. It was first noted in 
1992 from samples collected in Lake Erie, and numerous 
subsequent reports have occurred . Morphologically, this spe
cies is more rounded than the zebra mussel, lacks the sharp 
carina or ridge separating the dorsal and ventral surfaces, and 
has fewer and less colorful stripes. Al though ecological char
acteristics of this species are not well studied (Pathy and 
Mackie 1993), it appears to have a different optimal tempera
ture range and salinity tolerance and is more common in 
deeper waters and on softer substrates than the zebra mussel. 

Current Distribution and Anticipated Range. The spread 
of the zebra mussel in North America has been rapid. As of 
January 1994, it has been identified in all of the Laurentian 
Great Lakes, as well as in the Arkansas, Cumberland,Hudson, 
Illinois, Kanawha, upper and lower Mississippi, Ohio, St. 
Lawrence, and Tennessee Rivers. Eventually, only areas with 
soft water « 1 meq IL Ca +2) and tl e extreme northern and 
southern parts of the continent are unlikely to be colonized 
(Strayer 1991). The rapid spread has been largelyattributed to 
the unintentional dispersal of adults attached to the hulls of 
barges used for commercial navigation in the inland water
ways (Griffiths et al. 1991). There are several records of zebra 
mussels found attached to barges brought into dry dock, 
which lends credence to this theory. Recreational boaters may 
have hastened dispersal by transporting boats with zebra 
mussels on their hulls from infested to uninfested waters. 
Veligers are carried naturally in a downstream direction by 
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Scarabaeidae, Cerambycidae, Cur Software: Entomological and botanical 
culionidae (Pachyrrhynchus), Tene clip art at starving artists' prices" EmbelNotices 
brionidae, Cleridae, Ela teridae, lish and highlight your class handouts, 

(Notices will be run for a year or 4 numbers of 
the Newsletter unless notified to drop them. 
Members desiring longer runs should notify 
newsletter editor, Robert Haack, USDA For
est Service, Nisbet Bldg., Rm. 220, 1407 S. 
Harrison Rd., East Lansing, MI 48823.) 

For Sal e: 1. Light Traps, 12 volt DC or 
110 volt AC with 15 watt or 8 watt black 
lights. The traps are portable and easy 
to use. Rain drains and beetle screens 
protect specimens from damage. 2. Cus
tom made light fixtures for permanent 
and/or stationary light traps. Stainless 
steel design; Mercury Vapor, Sun Lamp, 
Black Light and Black Light Dark; to
getherorany combination; Electrical con
trol with photo-cells and/or timers. 3. 
One wood entomology cabinets. Each 
cabinets will hold 21 Cornell Drawers. 
Constructed of 3/4" plywood with alu
minum drawer tracks, rubber door seal 
and a three point door latching mecha
nism. Neutral varnish finish. Cabinets 
are approx. three years old. For more 
information, contact; Leroyc. Koehn,207 
Quail Trail, Greenwood, MS 38930-7315: 
Telephone: 601455-5498 

For Sale: "Colored Plates of the Butter
flies of the West Coast" by W.G. Wright; 
"TheBiologyand Dynamicsof Lithocolletis 
blancardella ... on Apple in Quebec" by 
R.P. Pottinger and E.}. leRoux. Inquire: 
Mo Nielsen, 3415 Overlea Drive, 
Lansing, MI 48917. 

Wanted: Michigan Orthoptera Records. 
New Michigan county and state records 
arebeingaccumulated for Orthoptera (ex
cludingmantids and cockroaches) for use 
in a future publication on Orthoptera of 
Michigan. Would like to look at private 
and public (museums, community col
leges) collections for new species records. 
Contact: Roger Bland, Department of 
Biology, Central Michigan University, 
Mt. Pleasant, MI 48859. Telephone: 517
774-3455; FAX 517-774-3462. 

Butterfly Gardening.For inforrnation on 
butterfly gardening, purchasing of wild
flower seeds, public talks, etc., contact: 
Kathy Wildman; Hearts & Flowers Nurs
ery; 3977 Condit Rd.; Sunbury, Ohio 
43074. Phone: 614-965-2133 

Exchange.Interested in exchangingspeci
mens from the Philippines: Carabidae, 
Cetonidae, Cicindelidae, Anthribidae, 

Fulgoridae, Membracidae, and Phas
midae. Contact: Ismael O. Lumawig; P.O. 
Box 2684; Manila, Philippines. 

New Book: ''Discover Butterflies" byGary 
A. Dunn. 9.5 x 12.5 inch, hardcover, with 
over 100 full-color photographs. Send 
check for $10.95 plus $1.50 (s&h) to Gary 
Dunn, 1915 Peggy Place, Lansing, MI 
48910. 

Wanted: Literature - gifts of books, 
papers, reprints, seconds, etc. for a small 
but growing regional insect collection 
(about 35,000 specimens) and library. A 
limited personal budgetanows for repay
ment of shipping charges and some pur
chases. Contact: Stuart M. Fullerton, Cu
rator; Biology Dept.; Univ. of Central 
Florida; PO Box 25000; Orlando, FL 32816. 

Research Opportunities for qualified 
investigators at the Huron Mountains in 
the upper peninsula of Michigan. Submit 
project proposal and resume (and budget 
if financial supportis requested) byMarch 
1 of each year to: Dr. David Gosling, Di
rectorofResearch; HuronMountain Wild
life Foundation; 69063 Wallowa Road; 
White Pigeon, MI49099-9745. Phone: 616
651-6417; FAX: 616-651-3679. 

newsletters, and publications with 
"Classic Bug Art" for the Mac or PC; 
Insect Clip Art, Vol. 1-2 (Mac); or Botani
cal Clip Art Stack (Mac). Send today for 
free information: Entomation, 2742 Bea
con Hill, Ann Arbor, MI 48104-6502. 

Wanted:Data on Michigan butterflies for 
usein a new publication on thebutterflies 
of Michigan. Doubtful specimens can be 
forwarded for determination or confir
mation. Especially interested in 
Lycaenidae and Hesperiidae records. 
Contact M. C. Nielsen, 3415 Overlea Dr., 
Lansing, MI 48917. Phone: 517-321-2192. 

Giant Lacewing Records Requested. 
Send collection records to N orm 
Penny or Steve Marshall. Department 
of Environmental Biology, University 
of Guelph, Guelph, Ontario, 
Canada NIG 2W1. Phone: 19-8244120 
x2720, Telefax: 837-0442. Email: 
smarshall@evbhort.uoguelph.ca. 

Michigan Mosquito Control Associa
tion N inth Annual Confere nce . 
February2-3,1995. Holiday InnTraverse 
City, 615 East Front Street, Traverse 
City, MI 49684. For more infonnation 
contact the MMCA at PO Box 366, Bay 
City, MI 48707. 

Life Inside a Bamboo Stalk 
Editor's Note 

There are still many new worlds of insects to be discovered. In the October 
1994 issue of Smithsonian [25(7):120-128], Adele Conover writes about the 
fascinating discovery of life within bamboo plants in a paper entitled"A 
N ew World Comes to Life, Discovered in a Stalk of Bamboo." According to 
Conover, scientists working in the Peruvian jungle found several animals, 
many new to science, inside stalks of the bamboo plant Guadua weberbaueri. 
Itall starts when a species of katydid pierces a young bamboo stalk with her 
ovipositor to lay eggs. Later, as the bamboo plant grows, the small hole 
lengthens and allows others to enter. Water is often found in the bottom of 
individual Guadua stem sections, and if pierced by a katydid, a water-filled 
section can serve as a pond . So far researchers have recorded 29 species of 
aquatic insects, including 17 species of mosquitoes. Other aquatic insects, 
include species of immature stages of damselflies, crane flies, and syrphid 
flies. Above the water line, on the inside walls of thebamboo plant are found 
manyother invertebrates, including ants, cockroaches, katydids, stinkbugs, 
beetles, and spiders. Many higher animals feed on the invertebrates that 
reside inside Guadua stalks, including species of frogs, snakes, birds, and 
monkeys. And it all starts with a katydid's egg. 
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current. Veligers may have also been 
transported by fisherman in bait buck
ets. It is also likely that the Great Flood 
of 1993 accelerated the dispersal (Cohen 
1994). Evidencesuggeststhata "pulse of 
larvae" was carried downstream by 
heavy rains in the midwest. Densities of 
94,000 adult mussels per square meter 
were found in the Illinois River in Au
gust 1993 at sites where densities were 
only 1,000 per square meter the year 
before. 

New laws have been enacted in the 
Uni ted Sta tes and Canada in the wake of 
the zebra mussel invasion to prevent 
further introductions of exotic species. 
These include the Nonindigenous 
Aquatic Nuisance Prevention and Con
trol Act of 1990 (PL 101-646). Implemen
tation of this and other laws should help 
avoid future environmentally and eco
nomically costly introductions of exotic 
aquatic species (Yount 1990). 

situation with invading species. Based 
on the European experience, we eventu
ally can expect that zebra mussels will 
reach an equilibrium with other aquatic 
invertebrate species and become a per
manent member of freshwater ecosys
tems in North America (Ramcharan et 
al. 1992, Stanczykowska 1977). With re
spect to the tremendous demands our 
society places on surface water resources, 
coping with zebra mussel impacts will 
undoubtedly be challenging (Roberts 
1990). 

Ecological Impacts. Zebra mussels 
will attach to native mussels and can 
prevent them from opening or properly 
closing their shells. Filter-feeding by 
large zebra mussel infestations can re
duce the available food supply and 
starve native species. Once attached, 
zebra mussels also interfere with nor
mal locomotion, reproduction, and res
piration of native mussels, many of 
which are already threatened or endan
gered. Zebra mussels also attach to cray-

ZEBRA MUSSEL DISlRlBUTlON IN lHE UNllED STAlES 

January 1994 

EXPlANATlON 

IMPACTS OF THE ZEBRA 

MUSSEL INVASION 


The invasion of N orth America by 
the zebra mussel has created both short 
term and long-term impacts on the 
aquatic environment as well as on the 
millions of water users within its distri
bution. Unfortunately, these impacts 
have been largely negative, a common 

Modified from NallonaJ BlolOgloaJ Survey
GalnMvIlle. Aorlda 

fish and snails, and can cause death of 
individuals if infestations are large. 

Zebra mussels interfere with the nor
mal trophic interactions of filter feeders 
in aquatic habitats. They compete suc
cessfully for phytoplankton less than 50 
urn in size. Thus larger zooplankton, 
which are food for fish, have less to eat 
and are reduced in numbers. Fishery 

biologists are also concerned that settle
ment of adult zebra mussels on spawn
ing grounds of sport fisheries may re
duce reproductive success of recre
ational species. Zebra mussels do pro
vide food for waterfowl such as the 
LesserScaup . Oneduck mayeat as many 
as50,000zebra mussels in a lifetime. The 
Freshwater Drum, a native fi sh species, 
will also eat zebra mussels. 

The abili ty to extract suspended sedi
ment particles from the water column 
means that zebra mussels have the ca
pacity to reduce turbidity, certainly in 
lakes, and possibly in rivers as well. 
They have been used experimentally in 
Europe for biological water-quality
management of lakes (Reeders and bij 
de Vaate 1990). A reduction in turbidity 
can increase the growth of noxious 
aquatic plants such as blue-green algae, 
which can contribute to taste and odor 
problems in drinking water supplies. 
Large infestations of zebra mussels have 
the potential to reduce dissolved oxy
gen concentrations in rivers. This effect 
has been documented in the lower Illi
nois River and the Seneca River under 
low-flow conditions prevalent in late 
summer. In addition, the transport and 
fate of organic compounds and metal 
adsorbed to suspended sediments can 
be altered. Zebra mussels can 
bioaccumulate these contaminants in 
theirbody tissues, and concentrate them 
in pseudofeces (Fisher et a1. 1993). 

EconomicImpacts. The potential eco
nomic disruption to businesses and 
municipalities by the year 2000 has been 
estimatedatas muchas $5 billion. Given 
that the expected distribution includes 
as least the northern two-thirds of the 
United States, the zebra mussel may 
impact more than 70% of the US power 
generation capacity. The initial economic 
impacts of the zebra mussel invasion 
were dramatic and unanticipated, as il
lustrated by these two now classic case 
studies. 

Detroit Edison - In the summer of 
1989, Detroit Edison experienced a par
tial shutdown of a large power plant. In 
February of that year they had found 
500-1000 mussels per square meter on 
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equipment. By July they were finding 
700,000 per square meter. Zebra mus
sels plugged 75-85% of their strainer 
bars at the intake. It took two weeks of 
high pressure hose work to remove them. 
The inside of the plant wasalso infested, 
including the system of condenser tubes, 
and had to be treated with chlorine to 
eliminate zebra mussels. 

Monroe Municipal Water Supply 
The city of Monroe, Michigan tempo
rarily lostits entire municipal water sup
ply in winter of 1989-90. The intake pipe 
was 30 inches in diameter, and one mile 
long. Zebra mussels interrupted the 
laminar flow of raw water, and the wa
ter slowed down as it traveled through 
the pipe. As ice formed, water stopped 
flowing completely. City residents had 
to use bottled water, but fortunately the 
weather warmed and a limited flow re
sumed. 

Other important impacts have been 
noted, such as the sinking of navigation 
buoys; common densities of zebra mus
selsoften weigh 20-30 pounds persquare 
meter. They can cause the improper clo
sure of lock and dam structures. When 
they attach to the hulls of boats, they 
increase drag and fuel consumption. 
Larval mussels drawn into the cooling 
water intake can attach to pipes and 
prevent the flow of cooling water, 
thereby causing engine overheating. 
Large colonies attached to docks and 
piers accelerate corrosion and make it 
di fficult for boaters to tie up. On beach 
areas, colonies of mussels will cut the 
feet of bathers who do not wear shoes. 
The decomposing shells and dead ani
mals can create an aesthetic nuisance 
and a health hazard. 

CONTROL AND MITIGA nON 
OF THE ZEBRA MUSSEL 

Prior to actual interruption of water 
flow or malfunction of equipment, the 
need for mitigation or control measures 
can be determined by various types of 
monitoring or inspection (Marsden 
1992). Side-stream monitoring is ideal 
for user's with raw water intakes. Peri
odic examination of artificial substrates 

or diver inspection of exposed surfaces 
can reveal the presence of settled zebra 
mussels. Some utilities have found the 
use of remotely operated vehicles useful 
in underwater reconnaissance. Plank
ton sampling will indicate the presence 
of significant numbers of veligers and 
the potential for settlement. 

Mechanical Control. Exclusion is the 
method of choice for many raw-water 
users. Most commonly-used screens 
have mesh sizes too large to prevent 
entry of veligers. Replaceable screens 
can be used asa substrate for settlement, 
and exchanged for clean ones at appro
priate intervals. Other types of separa
tor fil ters or automatic, self-cleaning 
(backwash) filters can be used to ex
clude even the smallest veligers. Buried 
intakes or sand filters can be used effec
tively, and are widely used in Europe. It 

may be possible to create and maintain 
current velocities exceeding 2 meters 
per second, which will prevent settling 
of veligers. A related tactic involves the 
use of in-line high-speed agi ta tors to kill 
veligers entering a raw water system. 

Scraping, hosing, pigging and other 
means of physical removal of settled 
adults is a useful technique. It does in
volve "down time," and can be expen
sive in termsoflaborcosts. It also entails 
the transportation and disposal of adult 
animals; if zebra mussels are considered 
to be a hazardous waste due to their 
ability to bioconcentrate contaminants, 
the costs of d isposal will be consider
ably higher. 

Pulsed shock (acoustic) waves have 
been used experimentally to clean sur
faces of encrusted zebra mussels. Elec
trically charged surfaces are effective in 
preventing settlement. Good cathodic 
protection from mussel settlement re

sults from application of 5 rnA persquare 
foot, with maximum reduction in settle
ment at 6 rnA per square foot. Exposure 
to low dosages of mid -range ultraviolet 
light (UV-B) has been used experimen
tally, but may not have promise in field 
situations due to the potential of mu
tagenicity to nontarget organisms. 

Thermal shock is an effective means 
of killing veligers and juveniles. Expo
sure to water in excess of 37°C for one 
hour results in 100% mortality, whereas 
exposure at 40°C for 15 minutes gives 
the same result. One common regime is 
to treat in early summer (June) to elimi
nate post-veligers which have overwin
tered, again in late summer (August), 
and finally in fall (October or Novem
ber) to eliminate the current years post
veligers. Some mussels will die with 
their shell closed and will still need to be 
scrapedoff. Research indicates that those 
zebra mussels actually attached to the 
surface may be insulated from the ef
fects of heat and remain alive even when 
those in direct contact with the thermal 
treabnent are killed. 

Alternatively, tissue freezing can be 
an effective method for removal of ze
bra mussel infestations. At temperatures 
< 5°C, tissue freezing time was less than 
4.5 hours. No individuals survived 50% 
freezing of total body water. Thus on 
lock and dam walls, if surfaces can be 
dewatered during periods of subfreez
ing temperatures, fouling can be effec
tively mitigated. 

A number of coatings with low to 
very low surface tension can be applied 
to prevent attachment or result in such 
weak attaclunent that zebra mussels are 
removed by high current velocity or 
minimal surface abrasion. These include 
a number of commercially available, 
highly effective silicone-based paints. 
The use of non-biocidal coatings which 
inhibit byssal thread development and 
adhesion is a very active area of current 
research. 

Chemical Control. There are numer
ous oxidizing agents that are effective 
against zebra mussels, including chlo
rine, chlorine dioxide, ozone, potassium 
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pennanganate, and hydrogen peroxide. 
Chlorine dioxide is typically more effec
tive than sodium hypochlori te and does 
not produce trihalomethane by-prod
ucts. Chlorine dioxide at 1 ppm for five 
hours or at 2 ppm for 30 minutes will 
provide 100% mortality. Some systems 
use continuous chlorination, whereas 
others use intennitten tor semi-continu
ous treatment. The addition of heat can 
greatly enhance the detrimental effects 
ofchlorine. Typically users must dechlo
rinate before discharging to the envi
ronment to protect nontarget organisms 
from harm. 

A number of materials can act as 
mollusciddes. Coppersulfateworksbest 
in wanner waters, and could perhaps be 
used most effectively in combination 
with thennal shock. Research is under
way to incorporate copper in various 
structural materials to be used in areas 
of zebra mussel infestation. Zinc-con
taining coatings are also effective against 
settlement. Tributylin oxide is effective, 
but relatively expensive, difficult to ap
ply and must be reapplied frequently. 
All of these coatings may leach into the 
water and hann nontarget organisms as 
well. C1am-trol (CT -1) is a surfactant
based molluscicide; typical effective ex
posures range from 10-15 mg CT-1/L 
for 12 hours. Endod, a botanical mollus
cicide, is toxic to zebra mussels, and is 
undergoing further testing. 

Biological Control. No predators 
have been found that feed exclusively 
on zebra mussels in North America, al
though one European fish species 
(Rutilus rutilus) does prey on them ex
tensively. Introduction of this fish into 
North America would alter the food 
chain of native species and have pos
sible negative consequences outweigh
ing its utility. Feeding by the freshwater 
drum and the lesser scaup, both native 
to North America, will most likely 
be,insufficient to reduce populations of 
zebra mussels noticeably. Strains of bac
teria and fungi are being screened for 
pathogenicity to the zebra mussel. This 
approach is in the initial stages and a 
biocontrol agent would surely not be 
available in the near future . 
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The National Biological Survey: 

A New Bureau in the Department of Interior 

U.S. Department of Interior News Release 

The National Biological Survey (NBS) 
is the Department of the Interior's new
est bureau, created by consolidating the 
biological research, inventoryand moni
toring, and information transfer pro
grams of seven Interior bureaus: Fish 
and Wildlife Service, National Park Ser
vice, Bureau ofLand Management, Min
erals Management Service, U.S. Geo
logical Survey, Bureau of Reclamation, 
and Office of Surface Mining. 

The mission of the NBS is to ensure 
the availability of the scientific informa
tion and technologies needed to man
age the Nation's ecological resources. 
Dr. H. Ronald Pulliam is Director of the 
NBS. Dr. Pulliam, a distinguished ed u
cator and research ecologist, previously 
served as Director and Professor at the 
Institute of Ecology at the University of 
Georgia in Athens. 

The NBS has about 2,000 employees, 
4 Regional Offices (Ft. Collins, CO; 
Lafayette, LA; Seattle, W A; and Leetown, 
WV), 13 Science Centers, 56 Coopera
tive Research Units, and over 100 field 
stations. 

Projects have been initiated that in
volve Federal, State, and local agencies 
in the development of ecosystem ori
ented science programs that greatly ex
pand the access and exchange of bio
lOgical information. Some of these have 
focused on the ecosystems of South 
Florida, the upper Mississippi and lower 
Missouri River flood zone, the southern 
forested wetlands region, the pacific 
Northwest, Glacier Bay and Prince Wil
liam Sound, and the Southern Appala
chian Biosphere Reserve. 

The FY 1994 budget for the NBS was 
$167 million. The FY 1995 budget re

quest for the NBS was $176 million. 
The four major components of NBS 

are: Inventory and Monitoring, Infor
mation and Technology Services, Re
search, and Regional Activities and Fa
cilities. lnaddition,NBS hasbegun work 
on several strategic programs suchas (1) 
Success with Species at Risk, (2) NBS 
Museu m Initiative, (3) National 
Biodiversity Center, (4) Status and 
Trends, (5) Ecosystem Initiatives, (6) 
State Partnerships, and (7) National Bio
logical Information Systems. To obtain 
more information on these programs 
call 202-208-3733. 

1994 Gypsy Moth Control in the 
United States - Editor's Note 

Acreage treated for gypsy moth in 1994 by state; acreages combined for the 
cooperative suppression programs and the eradication programs for both gypsy 
moth (the European race) and the Asian gypsy moth. (Source: Gypsy Moth News, 
1994, Issue 36, USDA Forest Service, Morgantown, WV). B.t. is a microbial insecti
cide, Dimilin is an insect growth regulator, and Gypchek is a nucleopolyhedrosis 
virus. 

The NBS became operational on No
vember 11, 1993, when Congress passed 
and President Clinton signed into law 
the FY 1994 Interior Appropriations Act. 

Whenconducting surveys on private 
property, NBS researchers comply with 
State and Tribal laws, including tres
pass and privacy laws. NBS researchers 
are required to obtain written permis
sion from the landowner when conduct
ing new surveys, not to trespass, and, at 
the landowner's request, to make the 
data available at no cost. 

In its report, " A Biological Survey for 
the Nation," the National Academy of 
Sciences recommends that the NBS form 
partnerships with Federal, State, local 
agencies, and private organiza tions. NBS 
hasestablished data sharing agreements 
with The Nature Conservancy, the As
sociationofSystematicsCollections,and 
many individual states. 

State B.t. 

Delaware 

illinois 

Indiana 

Iowa 

Kentucky 

Maryland 

Michigan 

New Jersey 

North Carolina 

Ohio 

Oregon 

Pennsylvania 

Tennessee 
Virginia 

Washington 

West Virginia 

Wisconsin 

15,286 

49 

30 

90 

0 

53,542 

142,808 

3,804 

139,657 

5,650 

278 

60,312 

2 

65,997 

36 

19,169 

1,285 

Acres treated 

Dimilin Gypchek 

17,401 0 

0 0 

0 0 

0 0 

0 50 

44,657 0 

0 0 

0 0 

0 5,900 

309 575 

0 0 

34,929 0 

0 0 

73,597 500 

0 0 

98,683 4,915 

0 0 

Total acres 

32,687 

49 

30 

90 

50 

98,199 

142,808 

3,804 

145,557 

6,534 

278 

95,241 

2 

140,094 

36 

122,767 

1,285 

Total: 510,414 269,576 11,940 791,930 
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Global Biodiversity - Editor's Note 

There is a great deal of interest these 
days in biodiversity issues. Here are 
some tabular data adapted from a book 
chapterbyPeterHammond [(Hammond 
1992); Environmental Quality 
Programme, The Natural History Mu
seum of London], that show the number 
(or %) of described species and possible 
species worldwide (Tables 1 and2),and 
the rate at which new species are being 
discovered (Tables 3 and 4). These data 
certainly show that we have a long way 
to go before we'll have a good grasp of 
the earth's total species biodiversity. 

Hammond, P. 1992. Species inventory. 
Pages 17-39 in B. Groombridge (ed.) 
Global Biodiversity: Status of the 
Earth's Living Resources. Chapman 
& Hall, London. 585 pp. 

Table 3. Current species description 
rates for various groups of animals and 
fungi, expressed as the mean of years 
1978-1987 (Adapted from Hammond 
1992, Table 4.6). 

No. species 
Group described per year 

Table 1. Number of described species worldwide in various groups of 
organismsand two estimates of the potential number of organisms in those grou ps. 
(Adapted from Hammond 1992, Table 4.3)* 

Number of Number of estimated species 
described 

Group species Highest figure Working figure 

Viruses 5,000 500,000+ 500,000 
Bacteria 4,000 3,000,000+ 400,000 
Fungi 70,000 1,500,000+ 1,000,000 
Protozoans 40,000 100,000+ 200,000 
Algae 40,000 10,000,000+ 200,000 
Flowering plants 250,000 500,000+ 300,000 
Vertebrates 45,000 50,000+ 50,000 
Nematodes 15,000 1,000,000+ 500,000 
Mollusks 70,000 180,000+ 200,000 
Crustaceans 4(),000 150,000+ 150,000 
Arachnids 75,000 1,000,000+ 750,000 

Insects 950,000 100,000,000+ 8,000,000 

• Figures for "described species" were based on consultations with specialists and by reviewing the 
literature. The "highest figure" estimates were the highest encountered during a survey of the recent 
literature, and at times are highly speculative. The "working figure" estimates are conservative. The 
figure for bacteria was arbitrarily 'capped' at 100 undescribed species to 1 described species. The 
greatest uncertainty lies with the true numbers of viruses, bacteria and algae. 

Table 2. Major groups of "described" and "possibly existing" organisms as a 
proportion of the global total. Values weresimilar to those in Table 1 for the number 
of described species in the world (ca. 1,700,000) and the conservative estimate of the 
number of possible species (= working figure) in the world (ca. 12,500,000). 
(Adapted from Hammond 1992, Figures 4.5 and 4.6) 

Vertebrates 367 Proportion (%) of the global number of species 
Birds 5 

Mammals 26 Group Described species Possible existing species 
Amphibians and reptiles 105 

Fish 231 Flowering plants 14.3 2.4 
Mollusks 366 Algae 2.4 1.6 
Sponges 50 Protozoans 2.4 1.6 
Cnidarians (=coelenterates) 57 Fungi 4.2 8.0 

Platyhelminths 316 Bacteria 0.2 3.2 

Ectoprocts (=bryozoans) 58 Viruses 0.3 4.0 
Insects 56.4 64.3 Annelids 173 

Coleoptera 23.8 24.9Protowans 356 
Lepidoptera 8.9 3.2 Crustaceans 699 
Hymenoptera 7.7 19.3

Insects 7222 
Diptera 7.1 12.9 

Lepidoptera 642 
Other insects 8.9 4.0 

Coleoptera 2308 
Arachnids 4.5 6.0 

Diptera 1048 
Crustaceans 2.4 1.2 


Hymenoptera 1196 

Other arthropods 1.2 0.5 

Arachnids 1350 Mollusks 4.2 1.6 
Nematodes 364 Nematodes 0.9 4.0 
Fungi 1700 Other invertebrates 4.0 1.1 

0.4Vertebrates 2.7 
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The MSU Butterfly House 
Frederick W. Stem, Department of Entomology, Michigan State University 

The Butterfly House was started in 
late summer of 1991 as a cooperative 
facility between the Department of En
tomologyand the Department of Botany 
and Plant Pathology. It is located in the 
sou theast range of the Botany and Plant 

larvae, gold-flecked pu
paeand numerous adults 
of the Butterfly House's 
most abundant butterfly, 
the zebra longwing, a 
native of Florida and 
points southward. The 
larvae feed on various 
species of passion vine, 
which is not found in 

Pathology teaching greenhouses just 
northwest of the Natural Science build
ing (south of Old Horticulture). Enter 
the east side and take the first left. Hours 
are 8-5 M-F, 10-2 weekends, closed holi
days. Admission is free. 

The objective is to enable students, 
staff and visitors to observe both local 

and exotic living butterflies in a con
fined, but free-flight environment. Edu
cational and life history displays involv
ing butterflies and other insects are a 
part of the Butterfly House. 

Most of the time you can see eggs, 

Michigan. Longwing butterfly species 
are ideal for butterfly houses because of 
their hovering flight, and because they 
are inhabitants of partially shaded or 
shaded woodlands in the wild. As a 
result of this, they are not attracted to the 
brightly lighted exterior glass walls. In 
contrast, some butterfly species tend to 

go to the exterior walls and remain there, 
especially on cloudy winter days when 
they get cooled down to the point where 
they are unable to fly. Usually there are 
zebra longwings, monarchs and/or 
queens, and one or two species of swal
lowtails. 

Exhibitson monarch migration, cam
ouflage and mimicry are provided, and 
specimens of the large and beautiful 
tropical American morpho and South
east Asian birdwing butterflies are on 
display. 

The Butterfly House is maintained 
largely bydonations and volunteer help 
from the students, staff, faculty and the 
public. This year' s T-shirt showing ze
bra longwings and the passion vine 

©@IMTfOIMMIE@ FROM PREVIOUS PAGE-

Table 4. Number of new species listed in the Zoological Record during the 
years 1979-1988 for selected animal groups. Data indicate a rather constant descrip- The caterpillar dOntltion fee tube that appre
tion rate for many animal groups. (Adapted from Hammond 1992, Table 4.5). ciates being fed in support of its surround

ing butterflies and habitat (courtesy of the 
Group 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 U. S. Forest Service; caterpillarart courtesy 

of Marian Reiter, MSU Extension 4-H 
Protozoa 463 309 353 280 271. 374 432 385 315 377 graphic artist). 
Platyhelminthes 293 357 341 290 307 340 359 336 297 243 

Nematoda 407 389 364 422 383 354 365 367 331 258 flower is available through the Depart-
Annelida 234 114 215 186 127 208 200 149 161 131 mentofEntomology, (517) 3554662 (de-
Mollusca 338 355 391 239 344 316 419 412 392 419 signed by Peter Carrington, College of 
Other invertebrates 180 214 341 174 303 353 187 252 195 339 Natural Science graphic artist). 
Crustacea 645 638 763 736 695 599 700 843 708 660 Parking: On weekdays parking on 
Arachnida 1610 1523 1199 1182 1145 1504 1353 1185 1488 1307 campus is difficult, but is available at the 
Other arthropods 98 57 120 154 119 123 55 94 146 122 multicolored E. Lansing "habitrail" 
Hemiptera 1277 1115 1191 981 1275 1038 1072 1162 903 1016 parking rampon the north side of Grand 
Lepidoptera 675 44S 506 580 631 685 658 915 623 699 River Ave. On weekends, there is plenty 
Diptera 1019 1015 1130 899 973 928 1115 1095 1303 1000 of parking adjacent to the greenhouse 
Hymenoptera 1167 1134 1086 1031 1215 1496 857 1184 1084 1705 (except on football Saturdays). Guided 
Coleoptera 2116 2804 2243 2454 1960 2259 2220 2843 2130 2051 tours of the Butterfly House and the 
Other Insecta 71.5 824 992 878 1331 1030 836 822 1110 703 Tropical Rainforest are available for 50 

183 241 273 240 260 223 220 204 234 229 cents/kids; $1 adults, $15 minimumPisces 
(contact John Mugg (517) 355 0229).Other Chordata 146 170 134 186 177 168 230 117 191 138 
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A Review of Michigan's State-Listed Insects 

Your Assistance is Requested 

Robert A. H aack 
USDA Forest Service, 1407 S. Hamson, East Lansing, MI 48823 

In November 1994, Tom Wiese, En
dangered Species Coordinator for the 
Michigan Department of Natural Re
sources, asked me to help organize a 
corrunittee to review Michigan's state
listed insects. I would like to take this 
opportunity to invite any reader who is 
interested in serving on this corrunittee 
to contact me at the above address 
(Phone: 517-355-7740; FAX 517-355
5121). Depending on the size and geo
graphical d istribution of the corrunittee, 
we may meetin person, or work by mail. 
Tom Wiese has asked that a review be 
conducted by Spring 1995. In addition, 
if any readers would like to share their 
collection records (or observational 
records) for any of the insects listed be
low, please contact me. 

AsI see it, thecorrunitteewill provide 
1 of 4 opinions for each currently listed 
insect: (1) support the current listing, (2) 
suggest that the status of an individual 
be changed upward or downward, (3) 
suggest delisting of a species, or (4) state 
that there is insufficien t data to consider 
any category of listing. Similarly, Tom 
Wiese has asked that we consider nomi
na ting other insects to be considered for 
listing, and provide supporting evi
dence. 

Recall that the Michigan Endangered 
Species Act protects all state-listed 
threatened and endangered plant and 
animal species wherever they occur 

other species that occur within its bound
aries. Below is a brief description of 
Michigan's guidelines for state-listing 
of animals; see Anonymous (1987) or 
Haack (1992) for more details on the 
listing process. 

Endangered. A sta te endangered spe
cies in Michigan is one that (a) is feder
ally listed as endangered, (b) is known 
to have 3 or fewer viable reproducing 
populations in Michigan or fewer than 
100 reproducing individuals in Michi
gan, or (c) is known recently (last 20 
years) from 20 orfewer sites throughout 
its entire range. 

Threatened. A state threatened spe
cies is one that (a) is federally listed as 
threatened, (b) is known to have 10 or 
fewer viable reproducing populations 
in Michigan or fewer than 300 reproduc
ing individuals in Michigan, or (c) is 
known recently (last 20 years) from 60 or 
fewer sites throughout its entire range 
with known decline in Michigan. 

Special Concern. A state special con
cern species in Michigan is one that (a) 

appears to have undergone a serious, 
noncyclical decline in Michigan and may 
soon become threatened if the decline 
continues unchecked, or (b) is so un
common in Michigan that any reduc
tion in its population or habitat condi
tions would cause it to become threat
ened in the foreseeable future. 

References 

Anonymous. 1987. Michigan endan
gered, threatened and special con
cern plant and animal species. Third 
revision. Michigan Department of 
Natural Resources. 23 pp. 

Anonymous. 1992. Michigan's special 
animals. Endangered, threatened, 
special concern, and probably extir
pated. Michigan Department of 
Natural Resources. 11 pp. 

Haack, R.A. 1992. Endangered and 
threatened insects in the United 
States and Michigan. Newsletter of 
the Michigan Entomological Soci
ety 37(2&3): 1-8. 

Table 1. Michigan's state-listed endangered, threatened, and special concern 
insects (Avon 1992). 

Species Family 	 Common name 
used by 
Michgan DNR 

within the state of Michigan. Michigan's 
list is divided into three categories: en
dangered, threatened, and special con
cern. However, taxa listed as "special 
concern" are not legally protected by 
Michigan law. 

Note that any Michigan species that 
is on the Federal endangered or threat
ened lists is automatically placed on the 
Michigan's list. In addition, Michigan 
uses its own set of guidelines to state-list 

State-Listed Endangered Insects in Michigan 
(* = Federally listed as endangered) 

Coleoptera 

*Brychius hungerfordi 

*Nicrophorus 
americanus 

Haliplidae 

Silphidae 

Hungerford's crawling 
water beetle 

American burying beetle 
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Species Family 	 Common name 
used by 
Michgan DNR 

Lepidoptera 

Catocala amestris Noctuidae 

"Lycaeides melissa Lycaenidae 

samuelis 

*Neonympha mitchellii Satyridae 

mitchellii 

Schinia indiana Noctuidae 

Schinia lucens Noctuidae 

Speyeria idalia Nymphalidae 

Three-staff 
underwing 

Karner blue 

Mitchell's satyr 

Phlox moth 

Leadplant moth 

Regal fritillary 

State-Listed Threatened Insects in Michigan 

Homoptera 

Lepyronia gibbosa Cercopidae 

Odonata 

Tachopteryx thoreyi Petaluridae 

Orthoptera 

Trimerotropis Acrididae 

huroniana 

Lepidoptera 

Atrytonopsis hianna Hesperiidae 

Battus philenor Papilionidae 

Erynnis persius persius Hesperiidae 

Euphyes dukesi Hesperiidae 

Hesperia ottoe Hesperiidae 

Incisalia irus Lycaenidae 

Lycaeides idas Lycaenidae 

nabokovi 

Oarisma powesheik Hesperiidae 

Papaipema silphii Noctuidae 

Great plains 
spittlebug 

Greyback 

Lake Huron locust 

Dusted skipper 

Pipevine 
swallowtail 

Persius dusky 
wing 

Dukes' skipper 

Ottoe skipper 

Frosted elfin 

Northern blue 

Powesheik skipper 

Silphium borer 
moth 

Species Family 	 Common name 
used by 
Michgan DNR 

State-Listed Special Concern Insects in Michigan 

Homoptera 
Lepyronia angulifera 
Prosapa ignipectus 

Odonata 
Cordulegaster erronea 
Gomphus lineatifrons 

Gomphus quadricolor 

Somatochlora 
incurvata 

Stylurus amnicola 

Stylurus laurae 
Stylurus notatus 
Stylurus plagiatus 
Williamsona fletcheri 

Orthoptera 
Appalachia arcana 
Atlanticus davisi 

Melanoplus flavidus 
Neoconocephalus 

lyristes 
Oecanthus laricis 

Oecanthus pini 
Orchelimum 


concinnum 

Orchelimum 


delicatum 
Orphulella pelidna 

pelidna 
Paroxya hoosieri 
Psiniidia fenestralis 

fenestralis 

Scudderia fasciata 


Gomphidae 

Gomphidae 

Corduliidae 

Gomphidae 

Gomphidae 
Gomphidae 
Gomphidae 

Corduliidae 

Acrididae 

Tettigoniidae 

Acrididae 

Conocephalidae 

Gryllidae 

Gryllidae 

Cercopidae Angular spittlebug 
Cercopidae Red-legged 

spittlebug 

Cordulegastridae False spiketail 

White-lined 
clubtail 

Four-<:olored 
clubtail 

Warpaint emerald 

Anmicola 
snaketail 

Laurae snaketail 
Notable snaketail 
Plagiated snaketail 

Canadan bog 
skimmer 

Secretive locust 

Davis's shield-
bearer 

Blue-legged locust 
Bog conehead 

Tamarack tree 
cricket 

Pinetree cricket 
Conocephalidae Red-faced 

meadow katydid 
Conocephalidae Delicate meadow 

katydid 
Acrididae Barrens locust 

Acrididae Hoosier locust 
Acrididae Atlantic-coast 

locust 
Phaneropteridae Pine katydid 
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©@INfifOfN](lJJfE@ FROM PREVIOUS PAGE- Species Family 	 Common name 
used by 
Michgan DNR

Species Family 	 Common name 
used by Oeneis macounii Nymphalidae 	 Macoun's arctic
Michgan DNR 

Oncocnemis piffardi Noctuidae 	 3-striped 
oncocnemiaColeoptera 

Papaipema aweme Noctuidae 	 AwemeborerDryobius sexnotatus Cerambycidae Six-banded 
longhorn beetle Papaipema beeriana Noctuidae Blazing star borer 

Liodessus amtralli Dytiscidae Cantrall's bog Papaipema cerina Noctuidae Golden borer 
beetle Papaipema maritima Noctuidae Maritime sun-

Lordithon niger Staphylinidae Black lordithon flower borer 
rove beetle Papaipema sciata Noctuidae Culvers root borer 

Stenelmis douglasensis Elmidae Douglas stenelmis Phyciodes batesii Nymphalidae Tawny 
riffle beetle crescentspot 

Polygonia gracilis Nymphalidae Hoary comma 

Lepidoptera Proserpinus Sphingidae Yellow-banded 
Acronicta falcula Noctuidae Corylus dagger flavofasciata day sphinx 

moth Pygarctia spraguei Arctiidae Sprague's 
Basilodes pepita Noctuidae Gold moth pygarctia 
Boloria freija Nymphalidae Freya's fritillary Pyrgus wyandot Hesperiidae Grizzled skipper 
Boloria frigga Nymphalidae Frigga fritillary Spartiniphaga inops Noctuidae Spartina moth 
Brachionyncha borealis Noctuidae Boreal 

branchionyncha 

Calephelis muticum Lycaenidae Swamp metal-
mark The Borror LaboratoryCatocala dulciola Noctuidae Quiet underwing 


Catocala illecta Noctuidae Magdalen under-

wing Of Bioacoustics 


Catocala robinsoni Noctuidae Robinson's 

underwing 


The Borror Laboratory of Bioacoustics is one of six units 
Chlosyne gorgone Nymphalidae Gorgone 

within the Museum of Biological Diversity at The Ohio State 
carlota 	 checkerspot 

Universi ty, Columbus, Ohio. The other five units include the
Eades imperialis pini Saturniidae Pine imperial 

moth Acarology Laboratory, Herbarium, Insect Collection, Mu-

Erebia discoidalis Nymphalidae 	 Red-disked alpine seum of Zoology, and the Ohio Biological Survey. The Borror 

Erora laeta Lycaenidae 	 Early hairstreak Laboratory of Bioacoustics has been in existence for nearly 
Erynnis baptisiae Hesperiidae Wild indigo dusky five decades and is considered one of the leading collections 

wing 
of animal sounds in the United States. The laboratory'S

Euchloe ausonides Pieridae Large marble 
collection contains more than 23,()()0 recordings of 757 species

Hemileuca maia Saturniidae Barrens buckmoth 
ofbirdsand more than 2) )()0 tapes of160speciesofarthropods.Heterocampa subrotata Notodontidae Small 

heterocampa The collection also has tapes of mammals (50), amphibians 

Heteropacha rileyana Lasiocampidae Riley's lappet (40), fishes (21), and reptiles (8). The Laboratory was named 
moth in honor of Dr. Donald J. Borror, an entomologist and orni-

Hyalophora columbia Saturniidae Columbian silk thologist, who was a pioneer in the field of bioacoustics. Dr. 
moth 

Sandra L. L. Gaunt is the current director.Incisalia henrici Lycaenidae Henry's elfin 


Merofonche dolli Noctuidae Doll's merolonche 


Meropleon ambifusca Noctuidae :'\! e\\'1l13n's Based on: Museum of Biological Diversity - Fact Sheet 

brocade 
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Minutes of the MES Governing Board Meeting 


The Governing Board of the Michigan Entomological Society met on the evening of Wednesday, November 2,1994, in the 
conference room of the Deparbnent of Entomology at Michigan State University. The meeting began at 7:00 PM. Governing 
Board Members present were: Cathy Bach, Dave Gosling, Kay Grimnes, Dan Herms, Mo Nielsen, Mark O'Brien, Dick Roeper, 
Ned Walker, and Bill Westrate. George Heaton represented Bob Haack. 

Points of discussion were as follows: 

1. 	 Plans for 1995 annual meeting were discussed. Dick Roeper proposed that the meeting be held at Alma College on 
Friday, June 2, 1995. A $10 registration fee was proposed. There will be two newsletter announcements and notices 
sent to various colleges, nature centers, and high school teachers. Dave Clark was suggested as a potential invita
tional speaker. A trip to the Vestaburg bog, following the meeting was proposed. 

2. 	 There was discussion of nomination of officers for 1995-1996. It was pointed out that there was a single slate on the 
potential ballot, and there was discussion as to the advantages and d isadvantages of this slate. Discussion indicated 
the importance of offering a write-in slot for each position next to the listed candidates. Potential candidates for 
president-elect and member-at-large were discussed. 

3. 	 Mark O'Brien, editor of the Great Lakes Entomologist, presented the editor's report. He reported that the fall issue 
is coming out and the winter issue is in preparation. 

4. 	 Bob Haack gave an in absentia report through George Heaton on the MES Newsletter. There is a need for more 
articles for the newsletter from a greater diversity of members. It was suggested to request e-mail addresses in dues 
notices. Michigan's state-listed insect species were discussed and what role MES should take. 

5. 	 Ned Walker gave the secretary's report. Minutes of the board meeting from November 10, 1993, were distributed. 
Over the past year, 159 changes to the membership database were made and the mailing contractor notified. The 
1994 ballot was prepared. A special offer order form for new members was prepared for December 1994 mailing. 
The membership database has been continually updated and revised, with transfer from Word to Excel under way. 
It was recommended that the MES Board agree to the· purchase of a magnetic disk from Aldinger's containing the 
the membership and institutional subscriber database to facilitate this process. 

6. 	 Mo Nielsen delivered a treasurer's report. Society holdings are distributed between petty cash ($1.00), checking 
account ($1,530.00), a certificate of deposit ($1,004.00 @ 5.38% interest due December 4, 1994), another certificate of 
deposit ($8,066.00 @ 6.09 % interest due August 30, 1996), and accounts receivable ($362.00). Total assets as of 
November 2, 1994 were $10,963.00. The total assets are lower than in past years. Expected income for the remainder 
of the year (dues, subscriptions, subsidies for page cost, separates, and miscellaneous) is $9,775. Expected expenses 
for the remainder of the year (journal, newsletter, postage, youth program, 4-H, and miscellaneous) are $6,900. 
Society fiscal health was thought to be fair to good for the next 6 months. 

7. 	 In other matters, a donation of $250.00 from MES to Michigan 4-H programs was discussed and approved by 
acclamation. Mo Nielsen noted the chronic problem of dues in arrears by many MES members. Whether the mailing 
list should be made available to outside persons and groups was discussed . Mark O'Brien suggested a "breaking 
diapause" party in conjunction with an open house at the remodeled University of Michigan Museum, date and 
time to be alU1ounced. 

8. 	 The meeting adjourned at 8:30 PM. 

Respectfully submitted, Edward D. Walker, Secretary 
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Geographic Distribution of Tomicus piniperda in 

North America: 1992-1994 
Robert A. Haack and Robert K. Lawrence 
USD A Forest Service, North Central Forest Exper iment Station, 1407 South 
Harrison Road, East Lansing, Michigan 48823 

The pine shoot beetle [Tomicus piniperda 
(L.); Coleoptera: ScolytidaeJ continues 
to be found in new counties throughout 
the Great Lakes region. Since its discov
ery in a Christmas tree plantation near 
Cleveland, Ohio, inJuly 1992, this exotic 
bark beetle has now been found in six 
states in the United States and in one 
Canadian Province in the Great Lakes 
region. 

The pine shoot beetle, a native of 
Europeand Asia, completes onegenera
tion per year (Haacket al. 1993). In early 
spring, adults breed under the bark of 
recently cut pine stumps and logs. After 
completing development the newadults 
fly to the crowns of living pine trees and 
enter shoots, feeding inside one or more 
shoots during the months of summer 
and autumn. Attacked shoots typically 
turn brown, die and fall to the ground. It 
is primarily because of this shoot-feed
ing behavior that this insect is consid
ered a major pest of pines. 

Because of this beetle's potential dam
age and its non-native status, USDA 
APHIS (Animal and Plant Health In
spection Service) has imposed a federal 
quarantine on all areas known to have 
Tomicus. The quarantine controls move
ment of pine material from regulated 
(infested) counties to unregulated 
(uninfested) counties, which includes 
Christmas trees, pine nursery stock, and 
pine logs or lumber with bark. The pine 
material can be moved outside of the 
quarantine zone, but only after certain 
conditions are met. 

Largely because of the federal quar
antine, there has been great interest in 
tracking the spread of Tomicus. Most 
inspections have been conducted by 
personnel from APHIS and state De
partme ts o · Agriculture and ~atural 
Resources. 

Soon after its discovery in July 1992, 
several inspections of Christmas tree 
plantations were conducted through
out the Great Lakes region. Inspectors 
were trained to identify typical Tomicus 
damage, i.e., bent, hollow, off-color 
shoots, often witha beetle inside. Within 
a few months, Tomicus-infested stands 
had been found in the six states of Illi
nois, Indiana, Michigan, Ohio, New 
York, and Pennsylvania. By the end of 
1992, there were 42 regulated counties 
in the US. 

During summer and autumn 1993, 
various state and federal agendes con
ducted a more exhaustive survey for 
Tomicus again using visual inspections. 
By the end of 1993, Tomicus wasdetected 
in 92 counties in the same 6 states in the 
US,and it was also found in 7 counties in 
Ontario, Canada. Several additional sur
veys were conducted throughout the 
United States, but Tomicus wasnotfound 
in any new states. 

In 1994, visual surveys were again 
conducted, but in addition some agen
cies used trap logs or traps baited with 
alpha-pinene - a component of pine 
resin that is highly attractive to Tomicus 
adults. By late November 1994, the count 
had increased to 118 counties in the 
same original 6 infested states, and to 10 
counties in Ontario. 

In 1994 in Michigan, for example, the 
Michigan Departments of Agriculture 
(MD A) and Natural Resources (MDNR) 
set out trap logs at over 300 locations in 
all counties in Michigan's lower penin
sula that were NOT known to have 
Tomicus. This was done to learn more 
exactly where the beetle was and where 
it wasn't. This was no simple decision to 
make for the :\fDA and MD rn. because 
as soon as Tarri us is found in a new 
county,all pine · d _ ·esi....tthatcou ty 

must then be regulated. The trap log 
method was useful in finding Tomicus in 
five new Michigan counties in 1994; vi
sual inspections conducted la ter in 1994, 
found Tomicus in two more Michigan 
counties. 

Looking at the area ofinfesta tion from 
1992 to 1994 suggests that this barkbeetle 
is spreading quickly. However, we be
lieve that most of this increase in the 
number of infested counties is due to 
more intensive surveys, especially in 
1993 and 1994. That is, if intensive sur
veys had been conducted in 1992as they 
were in 1993, the sizeofthe 1992 infested 
area would have been very similar to 
that in 1993. 

The absence of Tomicus from north
western Ohio is striking. Some surveys 
have been done in these counties, but 
none have detected Tomicus so far . 
Northwestern Ohio is intensively used 
for agricul ture and has very few Christ
mas tree plantations. Tomicus is likely 
present somewhere in northwestern 
Ohio, but in such low numbers that it 
has eluded detection so far. 

There are still many unanswered 
questions regarding Tomicus. We do not 
know when or where it first became 
established in North America, nor its 
country of origin. Moreover, we do not 
know if there were mul tip Ie entries from 
one or more countries. It is generally 
believed that Tomicus arrived on a cargo 
ship at one or more of the Great Lakes 
ports. 

Weare cooperating with other Forest 
Service scientists (Carol Alosi Carter, 
Lula Greene, Jacqueline Robertson, and 
Jane Hayes) to address these questions. 
Early results from DNA analyses of 
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Tomicus adults from the various infested 
states suggest that there were two sepa
rate entries, one in Ohio and a second 
and more recent one in Dlinois (Alosi 
Carter et al. unpublished d ata) . Beetles 
from the Ohio introduction probably 
have spread both east and west. Beetles 
from the two original introductions seem 
to be mixing in northwestern Indiana. 
We are asking colleagues from around 
the world to send us Tomicus adults, 
dead of course, so that we can compare 
DNA profiles and hopefully determine 
the likely countries of origin for the 
Tomicus populations now present in 
North America. 

The pine shoot beetle will con tinue to 
spread through North America in fu
ture years. The objective of the federal 
quarantine is to stop the artificial spread 
of Tomicus, but the beetle will continue 
to expand its range naturally by means 
of adult flight each year. 
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United States and Canadian counties 

known to have established populations of 

Tomicus piniperdaas ofDecember 1992 

(Top;42 US and 0 Canadian counties), 

December 1993 (Center; 92 US and 7 

Canadian counties),and November 1994 

(Bottom ; 118 US and 10 Canadian 

counties). 

Tomicus-Infested Counties 
as of December 1992 
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Mitchell's Satyr - US-31 Bypass: An Update 

Editor's N ole 

In the last issue of the MES Newsletter, Mark Hodgkins of 
the U.s. Fish and Wildlife Service (USFWS) described that the 
USFWS had rendered a "jeopardy" decision in regard s to the 
Federal Highway Administration' s plans to construct a bridge 
(as part of the U.5. 31 freeway bypass near Benton Harbor, MI) 
that would cross Blue Creek Fen because this site supports the 
endangered Mitchell's satyr butterfly (Neonympha mitchelli 
mitchellD (Hodgkins 1994). Additional background informa
tion is given in Haack and Walker (993). 

As a result of the "jeopardy" decision, the Federal High
way Administration (FHA) and the Michigan Department of 
Transportation (MDOT) had to decide either to reroute the 
highway around Blue Creek Fen or to construct the bridge in 
accordance with the cond itions set by the USFWS. 

A decision has now been made. In late September 1994, 
FHA and MDOT issued a joint letter in which theyannounced 
that they would construct the bridge across Blue Creek Fen 
and comply with USFWS's conditions. The bridge will be 
engineered so as to minimize impact to the fen during con

struction as well as later from future run-off discharge such as 
road salt. The other conditions that were agreed to were (1 ) to 
support scientific studies of the butterfly's life history and 
habitat needs, (2) to initiate acquisition and / or easement 
protection of about 100 acres of habitat at Blue and Yellow 
Creek Fens and 1200 to 1400 acres of off-site occupied habita t, 
and (3) to undertake beneficial habitat management actions 
on these sites. Over the next few months there will be several 
meetings to plan a detailed course of action and an appropri
ate timetable. 
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