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METHODS

We   tested   citrus   oil   marketed   by   three   sources   for   effectiveness   in   the
extraction   of   various   orders   of   insects   imbedded   in   PIB.   Formulations
included   Durkee®   lemon   extract   used   as   a   food   additive   and   purchased
at   a   local   supermarket;   a   histological   clearing   agent   marketed   as   Histo-
Clear®   by   National   Diagnostics;   and   Livos®   thinning   agent   #7222   sold
by   Livos   Plant   Chemistry   Inc.*   Insect   specimens   used   in   the   tests   were
those   submitted   on   delta,   Rebell®,   and   wing   traps   to   the   USDA   Pest
Identification   Laboratory   in   Reynoldsburg,   Ohio.   The   effectiveness   of
the   formulations   was   observed   for   most   orders   of   insects.

RESULTS

All   citrus   oil   formulations   examined   were   viable   alternatives   to   other
solvents   listed   by   Murphy   (1985),   although   cost   per   unit   volume   varies
widely.   Our   tests   of   various   handling   techniques   suggest   the   following
procedures   for   removing   and   identifying   specimens   from   PIB.

Screening   Samples.   Sticky   trap   bottoms   are   most   effectively
screened   with   an   illuminated   magnifying   glass   mounted   on   a   stable
base.   It   is   also   advantageous   to   cover   the   work   area   with   scraps   of   card-

board  to   protect   the   work   surface   from   being   fouled   with   PIB   or
scratched   with   a   scalpel   blade.   If   a   stereomicroscope   is   used,   protect   the
objective   lens   with   a   neutral   density   or   polarizing   filter   to   prevent   con-

tact with  PIB.
Insect   Removal.   If   the   specimen   is   fresh   and   heavily   sclerotized,   for

example   a   beetle,   it   may   be   lifted   directly   from   the   trap   bottom   and
placed   into   solvent.   A   few   drops   of   citrus   oil   on   the   trap   bottom   will
loosen   the   specimen   and   ease   removal.   However,   if   the   specimen   is   dry
and   brittle   or   soft   bodied,   it   should   be   left   untouched   on   the   trap.   The
extraneous   portion   of   the   trap   (and   any   excess   PIB)   surrounding   the
insect   should   be   cut   away   with   a   scalpel   before   it   is   placed   in   the   solvent
bath.   Movement   should   be   minimized,   because   any   distortion   of   the   PIB
will   probably   damage   the   specimen   by   pulling   it   apart.   The   volume   of
the   solvent   bath   should   be   at   least   sufficient   to   cover   the   specimen.   After
a   few  hours   the  insect   will   float   clear   of   the   trap  and  PIB.   Most   specimens
can   be   left   in   the   solvent   overnight   until   any   residual   PIB   has   dissolved.
To   prevent   saturation   of   the   citrus   oil,   the   cut   portion   of   the   trap   bottom
should   be   removed   after   the   insect   has   been   freed.   The   length   of   time

*FOOTNOTE.  Mention  of  commercial  products  in  this  paper  does  not  constitute  a  recom-
mendation by  the  United  States  Department  of  Agriculture.
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required   in   the   solvent   varies   with   the   amount   of   PIB   to   be   dissolved   and
the   condition   of   the   solvent.   Solvent   effectiveness   will   eventually   decline
when   it   becomes   saturated   and,   consequently,   the   time   required   to
remove   the   PIB   will   increase.   Glassware   (e.g.,   petri   dishes)   must   be   used
because   citrus   oil   will   react   with   plastic.

One   way   to   speed   removal   of   the   PIB   is   to   use   an   ultrasonic   cleaner.
The   insect   is   put   in   a   small   vial   filled   with   solvent   and   placed   in   the
ultrasonic   cleaner   with   water.   The   vial   is   required   for   two   reasons.   It
dampens   the   sound   waves   protecting   fragile   insects   from   excessive
movement   and   potential   damage,   and   it   conserves   solvent   because   it   is
not   necessary   to   fill   the   whole   tank.   Most   hard-bodied   insects   will   be
cleaned   in   5-10   seconds.   Wings   of   Lepidoptera   can   also   be   descaled   in
this   manner   for   morphometric   and   venational   studies.

Occasionally,   a   film   of   dried   PIB   will   adhere   to   the   specimen   when   it
is   removed   from   spent   solvent.   This   residue   can   usually   be   removed   by
rinsing   the   insect   in   xylene   and/or   absolute   ethanol.   Leaving   material
overnight   in   fresh   citrus   oil   is   another   option.   Although   specimens   may
be   left   in   the   citrus   oil   for   extended   periods   without   apparent   damage,
they   do   become   more   brittle   after   24   hours.

Pinning.   After   allowing   the   specimen   to   air-dry   for   a   few   minutes,   it
may   be   pinned.   If   the   insect   must   be   relaxed   before   pinning,   it   can   be
immersed   in   water   for   a   few   hours   (or   in   subboiling   water   for   a   few
minutes).

Alcoholic   Specimens.   Insects   which   normally   are   stored   in   alcohol
may   be   rehydrated   by   placing   them   in   subboiling   water   for   a   few   minutes
before   permanent   preservation   in   80%   alcohol.

Slide-mounted   Specimens.   Very   small   specimens,   e.g.,   springtails,
thrips,   mites,   scale   crawlers,   some   nematoceran   Diptera,   and   Hymenop-
tera   for   which   the   preparation   of   slide   mounts   may   be   necessary,   can   be
transferred   directly   from   PIB   into   Euparal.   Specimens   that   need   to   be
cleared   before   mounting   should   be   handled   as   in   the   above   section,   thus
significantly   reducing   clearing   time   in   KOH.   Warming   the   Euparol   prior
to   mounting   is   helpful.

Preparation   of   Genitalia.   The   following   procedure   can   be   used   to
prepare   genitalia   of   moths   trapped   in   PIB.   Standard   techniques   dis-

cussed by  Holloway  et  al  (1987)  have  been  modified  and  shortened  to
save   time   in   screening   large   samples.

1.   Pull   the   abdomen   from   the   trap   substrate.
2.   Immerse   in   citrus   oil   to   clean   specimen.
3.   If   still   not   free   of   PIB,   return   specimen   to   solvent   for   another   12

hours.
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4.   When   cleaned   of   PIB   and   if   time   permits,   place   abdomen   in   10%
potassium   or   sodium   hydroxide   (KOH   or   NaOH)   for   12-24   hours   at
room   temperature.   Alternatively,   wear   safety   goggles   and   boil   the   ab-

domen in  hot  hydroxide  until  it  is  soft.
5.   Wash   abdomen   in   water,   or   preferably,   a   5%   solution   of   glacial

acetic   acid   and   water   to   neutralize   the   KOH   or   NaOH.
6.   Place   abdomen   in   50%   alcohol   and   mechanically   brush   scales

from  it.
7.   Stain   with   mercurochrome   or   chlorozal   E   black   if   desired.
8.   Either   place   specimen   in   vial   of   70%   alcohol,   mount   in   Hoyer's

solution,   or   clear   and   dehydrate   the   specimen   for   mounting   in   a   resin
such   as   Euparol   or   Canada   balsam.

The   time   required   to   prepare   lepidopteran   genitalia   varies   exten-
sively. Large  moths  generally  require  a  longer  KOH  or  NaOH  bath  than

smaller   moths.   Typically,   a   large   moth   may   require   almost   a   day   at   room
temperature,   whereas   smaller   moths   may   need   only   a   few   hours.   There-

fore,  we   recommend   monitoring   the   progress   of   maceration.   For   those
unfamiliar   with   this   technique,   we   suggest   making   trial   runs   with   moths
of   various   sizes   before   attempting   to   use   this   technique   on   actual   un-

knowns. Specimens  left  in  citrus  oil  too  long  will  be  brittle,  while  those
left   in   KOH   too   long   will   be   over-cleared   and   difficult   to   see.

In   many   cases   where   quick   determination   is   required,   "valve-rip-
ping" may  be  utilized.  In  this  procedure  the  genitalic  valva  is  grasped  at

the   base,   pulled   off   the   abdomen,   placed   in   citrus   oil,   and   then   cleaned   in
alcohol.   Identification   of   many   genera   of   Tortricidae   and   Noctuidae   can
be   confirmed   by   examining   only   the   shape   of   the   valve.

CONCLUSION

The   success   of   each   preparation   depends   largely   on   the   condition   of
the   specimen   when   it   is   removed   from   the   trap   bottom.   Fresh   specimens
that   are   shallowly   embedded   in   the   PIB   provide   the   best   results,   but   even
those   totally   immersed   can   usually   be   recovered   if   they   have   not   decom-

posed. Larger  insects  usually  fare  better,  because  small  insects  are  more
likely   to   become   immersed   and   decay.   Extensive   struggle   by   the   insect   on
the   trap   after   capture   often   results   in   loss   of   setae   and'   scales.   Addi-

tionally, scales,  setae,  and  wings  are  often  dislodged  if  the  specimens  are
manipulated   before   removal   of   the   polyisobutylene.   Specimens   re-

moved with  citrus  oil  using  the  above  procedures  have  been  maintained
for   more   than   two   years   with   no   adverse   effects.

Citrus   oil   offers   distinct   advantages   over   previously   used   solvents   for
removing   PIB,   and   most   orders   of   insects   have   been   extracted   sue-
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cessfully   from   sticky   traps   using   this   procedure.   Generally,   the   tech-
nique works  well  for  all  taxa  tested,  but  a  higher  percentage  of  success

occurs   in   fresh   and   more   sclerotized   specimens.   Unlike   solvents   listed   by
Murphy   (1985),   citrus   oil   does   not   leave   specimens   unduly   brittle,   and
subsequent   laboratory   and   curatorial   techniques   can   be   easily   accom-

plished after  removal.  Solvent  toxicity  is  reduced  or  absent,  although  a
fume   hood   is   still   recommended   to   avoid   breathing   the   fumes.   Most
important,   soft-bodied   insects   and   Lepidoptera   can   be   treated   without
damage,   if   properly   handled.   Several   problems   remain:   citrus   oil   is   flam-

mable,  the   process   remains   time   consuming,   all   specimens   are   not
recoverable,   trap   bottoms   are   often   not   reusable,   and   no   specimens   are
perfect   "display   quality."   Other   dry-trapping   methods   with   screens   to
remove   unwanted   nontargets   are   recommended   if   specimen   quality   is
critical.
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BOOK   REVIEWS

LIFE   IN   AMBER.   George   O.   Poinar,   Jr.   1992.   Stanford   University   Press.
350  pp.  $55.00
LES   FANTOMES   DE   L'AMBRE   INSECTES   FOSSILES   DANS
L/AMBRE   DE   LA   BALTIQUE.   E.   Krzeminska,   W.   Krzeminski,   J-P.
Haenni   and   C.   Dufour.   1992.   Musee   d'histoire   naturelle   de   Neufchatel
(14,   Rue   des   Terreaux,   CH-2000   Neufchatel,   Switzerland).   142   pp.   38
SFR.   (in   French)

Amber  is  a  very  hot  topic  these  days,  with  recent  articles  about  it  appearing  in  widely
different  publications,  such  as  The  Philadelphia  Inquirer,  Newsweek,  Smithsonian,  and
Nature.  Much  of  the  interest  in  the  general  public  has  been  sparked  by  an  interplay  of
reality  and  fiction.  For  example,  recent  reports  on  the  actual  sequencing  of  DNA  from
amber-enclosed  insect  fossils  now  places  the  oldest  sequenced  DNA  from  a  weevil  in
Lebanese  amber  (125  million  years  old)  while  the  fictional  idea  of  cloning  dinosaurs  from
dinosaur  DNA  in  blood  fed  upon  by  amber-enclosed  mosquitoes  is  of  critical  importance
to  the  blockbuster  dinosaur  book  and  movie,  Jurassic  Park.  In  addition,  many  museums
across  the  country,  including  the  Academy  of  Natural  Sciences,  have  mounted  exhibits
looking  at  the  scientific  research  behind  Jurassic  Park;  and  these  shows  have  given  the
public  a  chance  to  see  actual  insect  fossils  in  amber,  along  with  the  standard  dinosaur
bones.  Entomologists  have  surely  noted  the  numerous  recent  papers  by  insect  systematists
on  amber  insect  fossils,  most  of  this  resulting  from  amber  mined  in  the  last  few  decades
from  the  Dominican  Republic.  The  above  reviewed  books,  both  written  by  experts  in
amber  research,  are  well  timed  to  take  advantage  of  this  heightened  interest,  hopefully
allowing  the  books  to  reach  a  broad  audience.

George  Poinar's  work  on  organisms  in  amber  (primarily  Dominican)  extends  back  to
1975  and  includes  numerous  papers  on  the  invertebrates  as  well  as  describing  the
Dominican  tree  species  which  is  considered  the  source  of  the  resin,  Hymenaea  protera
Poinar.  The  first  60  pages  of  his  book  Life  in  Amber  provides  a  concise  and  easily  readable
text  dealing  with  the  history  of  man's  activities  with  amber,  the  formation  of  amber  and  its
physical  characteristics  and  a  discussion  of  worldwide  amber  deposits.  Particularly  in-

teresting is  a  section  on  distinguishing  amber  from  recently  deposited  resin  called  copal
(up  to  4  million  years  old)  and  even  present  day,  synthetic  resins;  Poinar  details  how  "fake"
amber  inclusions  are  made  and  stresses  how  difficult  it  is  to  distinguish  some  of  these  from
true  fossilized  amber.  One  learns  that  amber  is  not  only  found  just  in  the  color  arising  from
its  name,  but  may  vary  from  light  yellow  to  deep  brown,  with  oxidized  amber  becoming
reddish.  The  chapter  on  the  world's  amber  deposits  details  all  the  major  areas  dating  from
the  Mesozoic  and  Cenozoic,  with  maps  and  tables  comparing  ages  of  the  deposits.  Also  of
interest  was  the  extensive  discussion  on  the  origin  of  Baltic  amber;  there  is  conflicting
evidence  on  the  primary  species  of  tree  which  deposited  the  resin,  either  a  Pinus-\ike  conifer
or  araucarian,  with  Poinar  supporting  an  Agathis-\ike  araucarian.  As  a  museum  curator
maintaining  amber  insect  fossils,  I  found  that  the  brief  discussion  of  amber  conservation
was  inadequate  and  lacked  any  references,  but  this  may  reflect  only  a  paucity  of  research
on  this  topic.

Most  of  Life  in  Amber  (nearly  200  pages)  consists  of  a  taxon  by  taxon  discussion  of  the
biological  inclusions  found,  starting  with  bacteria  and  ending  with  invertebrates.  Insects,
by  virtue  of  their  diversity  and  generally  small  size,  make  up  the  vast  majority  of  these
inclusions.  Each  family  is  treated  in  a  paragraph  or  two,  with  a  few  sentences  on  general
morphology  and  life  history,  then  a  listing  of  the  generic  forms  found  in  the  deposits,  and
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