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Abstract:
A study has been made of such bacteria as may be found in the alimentary tract of Grylloblatta
campodeiformis campodeiformis Walker.

This insect is a cold-loving creature which lives at temperatures near freezing. With due precautions to
avoid intruders, cultures were made from the alimentary tract by plating in dextrose agar. Incubations
were made aerobically and anaerobically at 4°C, 18°C and 28°C. No growth was obtained
anaerobically. Colonies from the aerobic plates were picked and streaked on dextrose agar. The
optimum temperature for all but one culture was found to be room temperature (25°C). This one culture
grew best at 17°C to 22°C.

Morphological studies of each of the cultures was made and inoculations were made into various media
in an attempt to classify the strains of bacteria.

Fifty strains of organisms obtained from two specimens were included in this study. Sixteen (32 per
cent) were found to be gram-positive cocci of the genus Micrococcus, 16 (32 per cent)were
gram-positive rods of the genus Bacterium, and 18 (36 per cent) were gram-positive spore-formers of
the genus Bacillus.

Five of the genus Micrococcus were classified to speoies. Three of these proved to be strains of
Micrococcus epidermidis (Kligler) Hucker, one was variant of Micrococcus subflavus Bumm, and one
a variant of Micrococcus freudenreichii Guilleteau. None of the genus Bacterium could be classified to
species. Of the genus Bacillus, two were members of the Aerobacillus Group. Three strains were of the
Bacillus adhaerens Group, one of which was possibly a variant of Bacillus panis Migula. One strain
was a member of the Bacillus circulans Group and was possibly a variant of Bacillus serusitidus La
Coste. One was a member of the Miscellaneous Group. The other eleven organisms were members of
the Bacillus subtilis Group. 
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ABS TRACT

A study has been made o f  such b a c te r ia  as may be found in  the  
alim entary tr a c t  o f  G r y llo b la tta  oampodeiformis campodeiformis Walker.
This in s e c t  i s  a c o ld - lo v in g  crea tu re  which l i v e s  a t  tem peratures near 
fr e e z in g .  With due p recau tion s to  avo id  In tru d ers, c u ltu r e s  were made 
from the a lim entary  t r a c t  by p la t in g  in  d extrose agar. Incubations were 
made a e r o b ic a lly  and a n a ero b ic a lly  a t  4°G, IS0C and 28°C. No growth 
was obtained  a n a e r o b ic a lly . C olon ies from th e aerob ic p la te s  were picked  
and streaked  on d extrose  a g a r . The optimum tem perature fo r  a l l  but one 
c u ltu r e  was found to  be room tem perature (26°C ). This one c u ltu r e  grew 
b e s t  a t  17°C to  22°C.

M orphological s tu d ie s  o f  each o f  th e  c u ltu res  was made and 
in o c u la t io n s  were made in to  various media in  an attem pt to  c l a s s i f y  th e  
s tr a in s  o f  b a c te r ia .

F if ty  s tr a in s  o f  organism s ob ta in ed  from two specim ens were included  
in  t h is  s tu d y . S ix teen  (32 per c en t) were found to be gram -p o sitiv e  c o c c i 
o f  th e  genus M icrococcus, 16 (32 per cen t)w ere gram -p ositive  rods o f  th e  
genus Bacterium, and 18 (SG per c e n t)  were gram -p ositive  spore-form ers o f  th e  
genus Iiaol I IusT

F ive o f  the genus M icrococcus were c l a s s i f i e d  to  s p e c ie s .  Three o f  
th e se  proved to be s tr a in s  o f  Hiorooocous ep iderm id is (K lig le r )  Huoker, 
one was v a r ia n t o f  M icrococcus SuljftIavus Bumm, and one a v a r ia n t  o f  
M icrococcus freu d e n r e io h ii G u illeb eau . None o f  the genus Bacterium could  
be c l a s s i f i e d  to  s p e c ie s . Of the genus B a c i l lu s , two were members o f  the  
A erob ao illu s Group. Three s tr a in s  were o f  the Baoi l l u s adhaerens Group, 
one o f  which was p o ss ib ly  a v a r ia n t o f  B a c illu s  panis M igula. One s tr a in  
was a member o f  the B a c illu s  o irou lan s Group and was p o s s ib ly  a v a r ia n t o f  
B a c illu s  s e r u s it id u s  La C oste . One was a member o f the Misce lla n eo u s  Group. 
The other e leven  organism s were members o f  th e  B a c illu s  s u b t i l i s  Group.
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INTRODUCTION

This in v e s t ig a t io n  was undertaken as an attem pt to  i s o l a t e  and study  

th e b a c te r ia l  f lo r a  o f  the a lim entary  t r a c t  o f  G r y llo b la tta  campodeiformis 

oam podelforais Yalker. This in s e c t  was d iscovered  in  th e  Canadian Rookies 

in  1913 by Dr. E. M. ta lk e r .  Crampton (1915) has th e fo llo w in g  to  say o f  

th e  in s e c t .  ltG r y llo b la tta  campodeiformis combines w ith in  i t s e l f  ch aracters  

common to  a number o f  ’ Orthopteroid* i n s e c t s .  Indeed in  many r e sp e c ts  i t  

may be con sid ered  as a v e r i ta b le  l iv in g  f o s s i l ,  and from th e p o in t o f  view  

o f  th e  study o f  in s e c t  phylogeny i t  i s  one o f  the most im portant o f  rec en t  

ptorygotan  fo rm s.”

Gurney (1937) s t a t e s  th a t the d is tr ib u t io n a l  data regard ing G r y llo b la tta  

are s t i l l  very  fragm entary. The evidence p o in ts  to th e  p resen ce o f  many 

w idely  sep arated , more or l e s s  i s o la t e d ,  u n it s  o f  p o p u la tio n . The three  

forms in  th e  p a c i f ic  c o a s t  s ta t e s  are d i s t in c t  and th e  n a tu ra l b a rr ier s  c l e a r .  

G r y llo b la tta  s o u lle n l occurs in  Oregon. G r y llo b la tta  oampo delform !s 

p o o ld e n ta ils  occurs on Mt. Baker, W ashington. G r y llo b la tta  barber! occurs  

in  the S ierra  Nevada Mountains in  Plumas County, C a lifo r n ia , and i s  

separated  from i t s  n e a r e s t  Cascade r e la t iv e  by v a lle y s  in  th e w atershed o f  

the Klamath R iv er . G r y llo b la tta  campodeiformis campodeiformis occurs a t  

B anff, A lb erta  and G a lla t in  County Montana. Another genus o f  the  

G r y llo b la t t ld a e , G a llo is ia n a  occurs in  Japan. This genus i s  rep resen ted  by 

two subgenera, G a llo is ia n a  and Ish ia n a , n lp p on en sis being  th e  only sp eo ies

-4„

o f  G a llio s ia n a  and rep resen ted  by one a d u lt male and two nymphs. The
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subgenus Ish ian a  i s  rep resen ted  by one s p e c ie s ,  n o t a b i l i s .  A s in g le  male 

nymph has been taken o f  th e  l a t t e r .

M ills  and Pepper, (1937) found th a t th e tem perature m ost d esired  by 

th ese  in s e c t s  was S .7°C j th a t  s ta r t in g  from 3 .7°C , upon c o o lin g  th ere was 

a red u ctio n  in  a c t iv i t y  a t  OeI 0G and th a t  t h is  le th a r g ic  co n d itio n  continued  

to  -5 .6 ° C . At t h is  p o in t th e r e  was in cr ea se d  a c t iv i t y  fo r  a sh ort tim e, 

p r o s tr a tio n  ensuing a t  -6 .2 ° C . A pparently th e  in s e c t  went in to  no dormant 

s ta t e  b e fo re  p r o s tr a t io n . In t r a v e l l in g  up th e  tem perature s c a le  from 

3 .7 °C , th e  f i r s t  change noted  was an in c r e a se  in  a c t iv i t y  a t  16 .5°C . There 

was p a r t ia l  p a r a ly s is  o f  th e  le g s  a t  24 .9°C , q u iescen se  a t  26.4°C and f in a l  

h ea t p r o s tr a tio n  a t  27 .8 °C . This in t e r e s t in g  work on th e temperature 

r e la t io n s h ip s  o f  t h is  in s e c t  c le a r ly  dem onstrates th a t a tem perature which  

i s  com patib le fo r  most in s e c t s  w i l l  produce death in  th e g r y l lo b la t t id .

I t  a ls o  shows th e  g r y l lo b la t t id  i s  very a c t iv e  a t  tem peratures a t  which 

most in s e c t s  would go in to  dormancy. A ctiv e  g r y l lo b la t t id s  are o ften  

c o l le c t e d  from beneath o b je c ts  which are fro zen  to  tiie e a r th .

In d ic a tio n s  from Walker’ s lab oratory  in  Toronto are th a t  th e  l i f e  

c y c le  o f  the in s e c t  takes about 10 y e a r s . I t  i s  unusual in  i t s  development 

in  th a t th ere  i s  a p r e -a d u lt  s ta g e , th e  sub-im ago. This i s  v ery  unusual, 

th e  Ephemer id a e  or M a y -flie s  being th e  on ly  o th er in s e c t s  w ith  such a s ta g e .  

During th e sub-imago th e  in s e c t  i s  w h ite , l i v e s  in  th e ground and does not 

appear a t  th e  su r fa c e . A fter  the l a s t  m oult i t  assumes a honey y e llo w  

c o lo r .  This in form ation  has n ot been p u b lish ed  to  date but was brought 

ou t in  a co n versa tion  between Dr. H. B. M ills  and Dr. E. M. W alker.

An in s e c t  which req u ir es  such a low  tem perature s c a le  m ight p o ss ib ly
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be the source o f  a p sy oh rop h ilio  b a c te r ia l  f lo r a .  With t h i s  in  mind th e  

in v e s t ig a t io n  o f  th e  f lo r a  o f  th e  a lim entary  t r a c t  was begun.

L ite ra tu r e  on th e  su b jec t  o f  in s e c t - b a c t e r ia l  r e la t io n s h ip s  i s  

su r p r is in g ly  l im ite d .  I t  would be supposed th a t , from th e  p o s s i b i l i t i e s  

o f  b io lo g ic a l  c o n tro l o f  in s e c t s ,  more in v e s t ig a t io n s  in  t h i s  f i e l d  would 

have been made $ a lso  th a t  w ith  regard to  th e importance o f  in s e c t s  in  th e  

tran sm ission  o f  d is e a se  com paratively  few sp e c ie s  have been examined as to  

th e ir  b a c te r ia l  f lo r a .  S teinhaus (1940) has r e c e n t ly  surveyed th e  f i e l d  

and p resen ts  th e b e s t  com p ila tion  o f  p rev ious work done on t h is  su b ject  

w ith  regard  to  a l l  phases o f  the b io lo g ic  r e la t io n s h ip s  e x is t in g  between 

in s e c t s  and th e  b a c te r ia  they harbor.

Leydig (1867) noted  th e  presence o f  organisms in  th e  oaeoa l appendages 

o f  a pentatom id. Forbes in  1882 d iscovered  numbers o f  b a c te r ia  in  the  

oaeoae o f  c e r ta in  H eterop tera .

Glasgow (1914) w h ile  working on the f lo r a  o f  the g a s t r ic  caeoae 

developed an a s e p t ic  method fo r  removing th e  oaeoae as fo l lo w s .  "The 

in s e c t  i s  f i r s t  l i g h t l y  chloroform ed to  prevent s tr u g g lin g , th e  wings are  

c lip p e d  o f f  near th e base and th e  whole body m oistened w ith  a lc o h o l to  remove 

the f i lm  o f  a ir  and a llo w  the p en etra tio n  o f  th e  b ic h lo r id e  so lu t io n  which 

was u su a lly  used in  th e proportion  o f  1 -6 0 0 . Ihe m ercuric ch lo r id e  s o lu t io n  

i s  b e s t  a p p lied  w ith a b i t  o f  absorbent c o tto n  h eld  in  a p a ir  o f  o ld  fo r c e p s .  

In t h is  way th e  e n t ir e  body o f  th e  in s e o t  can be thoroughly scrubbed w ith  

th e  d is in fe c ta n t ,  so th a t  any f o ld s ,  suoh as th ose  between the body 

segm ents, w i l l  c e r ta in ly  be m oistened . A fter  the b ic h lo r id e  so lu t io n  has 

com pletely  d r ied , which may be very w e ll  hastened  ty  p a ssin g  th e in s e c t
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baok and fo r th  b efo re  a Bunsen flam e, th e  f l a t  edges o f  th e  abdomen are  

o lip p ed  o f f ,  from near th e p o s te r io r  end up to  the th orax , w ith  a a ir  o f  

f in e  s c is s o r s  which have been p rev io u sly  flam ed . The top  o f  th e  abdomen 

im m ediately back o f  th e  thorax may be ou t a cross  w ith  s t e r i l e  s c is s o r s  and 

th e  r e s u lt in g  f la p  formed o f  the e n t ir e  d orsa l w a ll o f  the abdomen may then  

be l i f t e d  back w ith  a p a ir  o f  flam ed fo r c e p s , le a v in g  the abdominal v is c e r a  

exposed."

Glasgow was a b le  to  g e t  good b a c te r ia l  smears from th e  caeoae o f  

c e r ta in  sp e c ie s  o f  H eteroptera , but cou ld  n o t ob ta in  c u ltu r e s  on ordinary  

m edia, ti/ith o th er sp e c ie s  he obtained  lu x u r ia n t growth in  n u tr ie n t  b roth .

A squash v in e  in fu s io n  broth composed o f  n u tr ie n t  broth and a decoction  

from 160 gra s o f  squash v in e  per l i t e r  was s u c c e s s fu l ly  u sed  in  c u lt iv a t in g  

oaeoal organism s from th e  squash bug Anaaa t r i s t i s .  Glasgow found th a t the  

caeoae o f  th e  Hem iptera o f  any one d e f in i t e  sp e c ie s  in v a r ia b ly  contained  a 

pure c u ltu r e  o f  but one sp e c ie s  o f  bacterium . The b a c te r ia  from d if fe r e n t  

h o s ts  v a r ied  g r e a t ly ,  from sm all coccus l ik e  organisms to  la r g e  sp ir a l  

form s. However, "in  w hatever form th ey  occur they are m orp h olog ica lly  

c h a r a c te r is t ic  fo r  th e p a r tic u la r  sp e c ie s  harboring them." Glasgow 

b e lie v e d  th a t th e se  normal b a c ter ia  appear n ot on ly  to  in h ib i t  the develop­

ment o f  fo r e ig n  b a c te r ia  but to  exclude them a lto g e th e r . This i s  a very  

in t e r e s t in g  o b serv a tio n .

P ierce  (1921) g iv e s  a summary o f  th e  records which have been made o f  

th e  organism s i s o la t e d  from cockroaches. F if te e n  sp e c ie s  o f  b a c te r ia  are  

l i s t e d  as being  e i th e r  i s o la t e d  from th e  f e c e s  o f  t h is  in s e c t ,  or the  

alim entary  t r a c t .  P ie r c e  a lso  l i s t s  53 sp e c ie s  o f  b a c te r ia  th a t have been



i s o la t e d  from th e  h o u s e - f ly ,  some from th e su rfa ce  o f  the f l y ,  and o th ers  

from in te r n a l organ s. Much o f  the b a c te r io lo g ic a l  work done on th e house­

f l y  has been w ith  abnormal f lo r a .  Attempts to exp erim en ta lly  in troduce  

pathogens in to  the a lim entary tr a c t  o f  th e  f l y  and recover the v ir u le n t  

pathogen from the f e c e s  have been numerous.

S teinhaus (1941) has made a survey o f  the b a c te r ia l f lo r a  o f  c e r ta in  

in s e c t s  and f in d s  " that most o f  the major types o f  b a c te r ia  are rep resen ted . 

These in c lu d e  g ra m -p o sitiv e  and gram -negative sh ort ro d s , gram -p ositive  

spore-form ing b a c i l l i ,  and gram -p ositive  c o c c i .  The gram -negative sh ort  

rods predom inate, com prising s l ig h t ly  more than 50 per c e n t  o f  the b a c te r ia l  

f lo r a  o f  th e  in t e s t in a l  tr a c ts  o f  the in s e c t s  stu d ied ."  He a ls o  found "a 

number o f  b a c te r ia  which were e l l i p t i c a l  in  shape and which one i s  prompted 

to  d esig n a te  as o o o o o b a o il l i .  They v a r ied  in  th e ir  p h y s io lo g ic  ch aracter­

i s t i c s  as w e ll as in  th e ir  r e a c tio n  to  th e gram -sta in . These form s, however, 

may be pleomorphic typ es o f  the fa m ilia r  sh o rt rods and c o c c i ."

A lto g e th er , S teinhaus made an in v e s t ig a t io n  o f  the b a c te r ia l  f lo r a  o f  

30 sp e c ie s  o f  in s e c t s  from 7 orders o f  the c la s s  Hexapoda. He is o la t e d  a 

t o t a l  o f  83 s tr a in s  o f  b a c te r ia , and made s tu d ie s  upon them in  d e ta i l  w ith  

regard to  th e ir  m orphologic, c u ltu r a l ,  p h y s io lo g ic  and pathogenic ch aracter­

i s t i c s .  He found th a t o f  the 83 s tr a in s  44 (63 per c e n t)  were gram -negative  

sh ort ro d s, 17 (2 0 .5  per cent)w ere gram -p o sitiv e  spore form ers. Steinhaus 

s t a t e s ,  however, th a t  " these percentages are g iven  m erely fo r  the purpose o f  

making approximate com parisons and n o t as th e  percentages o f  the various groups 

o f  b a c te r ia  as they may a c tu a lly  be found throughout the c la s s  Hexapoda."

- 8 -

A lso th a t th ese  f ig u r e s  are su b je c t  to  change depending on th e  in te r p r e ta t io n
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made o f  th e  data p resen ted  in  h is  paper. T hirty-tw o o f  th e  s tr a in s  s tu d ied  

did n o t conform to  d e sc r ip tio n s  g iv en  in  Bergey’ s manual. Of th e se , 27 

were new s tr a in s  and 5 were u n id e n t if ie d . From the 27 new s t r a in s ,  21 new 

sp e c ie s  were e s ta b lis h e d .

F ive  sp e c ie s  o f  Orthoptera were in clu d ed  in  S te in h a u s' in v e s t ig a t io n .  

B la t t e l la  gem an ioa  L ., Ueombius f a s o ia t u s , va r . fa s o ia tu s  DeG., 

ConooeophaluB f a s o ia t u s , v a r . fa s o ia tu s  DeG., Dlapheromera fem orata Say, 

and an u n id e n t if ie d  member o f  the T e ttig o n lid a e  were the in s e c t s  which 

composed t h is  group. These y ie ld e d  19 s tr a in s  o f  b a c te r ia . F if te e n  o f  

th e se  were s tr a in s  o f  gram -negative sh o rt rod s, 2 were s tr a in s  o f  gram­

p o s it iv e  c o c c i ,  and 2 were s tr a in s  o f  gram -p ositive  sp ore-form ers.

EXPERIMENTAL METHODS

L iving  specim ens o f  G r y llo b la tta  oampo del form! s cam p od eifom is were 

c o l le c t e d  in  th e  F airy  Lake reg io n  o f  the Brldger Range north  o f  Bozeman, 

Montana, Upon b rin g in g  th e specim ens to the laboratory  they  were p laced  in  

th e r e fr ig e r a to r  so th a t  they would su rv iv e  u n t i l  needed fo r  th e  experim ent. 

TWo a d u lt specim ens were s e le c te d  fo r  d is s e c t io n  and tr e a te d  as fo llo w s :

The l i v e  in s e c t  was p laced  in  a v ia l  o f  55 per cen t a lc o h o l fo r  two to  three  

m inutes to remove the a ir  f i lm  and a llo w  p en etra tio n  o f  th e  d is in fe c ta n t .  

Subsequently i t  was p laced  in  a v ia l  o f  1 -1 ,0 0 0  m ercuric c h lo r id e  fo r  two 

to  three m in u tes, then in  a v ia l  o f  s t e r i l e  water and r in se d  w e l l .  Next 

the in s e c t  was p laced  in  a s t e r i l e  p e tr i  d ish  w ith a beeswax la y er  in  the 

bottom . I t  was d is s e c te d  w ith  a lco h o l-fla m ed  in stru m en ts. A s l i t  was made 

v e n tr a lly  from the p o s te r io r  part o f  the abdomen to  th e  a n te r io r  part o f  th e
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thorax and th e  r e s u lt in g  f la p s  pinned to  the s id e s ,  exposing the alim entary  

t r a c t .  The e n t ir e  a lim entary  t r a c t  was then removed and d iv id ed  in to  fo r e ­

g u t, m id -gu t, and h in d -g u t. Each p o rtio n  was p laced  in  a s t e r i l e  10 o c .  

water blank and e m u ls if ie d  w ith  a s t e r i l e  ro d . The e m u ls if ie d  p ortion s and 

w ater were then d is tr ib u te d  among a number o f  p e tr i  d ish es and the d ish es  

poured w ith  d ex trose  a gar . Both aerob ic  and anaerobic p la te s  o f  each 

p ortion  o f  the t r a c t  were incubated  a t  4°C, 18°C, and 28°C. A fter  three  

days th e  p la te s  were examined and i t  was found th a t a l l  anaerobic p la te s  

were devoid  o f  growth. The aerob ic  p la te s  incubated  a t  28°C had copious  

growth and th o se  a t  IB0C f a ir  grow th. A fter  a few weeks o f  fu rth er  

in cu b ation  a few c o lo n ie s  appeared in  th e p la te s  being  incubated  a t  4°C. 

C olon ies were p icked  from a l l  p la t e s ,  w ith  an attem pt to  make a 

r e p r e se n ta t iv e  s e le c t io n  o f  th e  organisms p r e se n t, and s tr e a k s  were made 

on d extrose  agar s la n t s .  A fter  growth was ob ta in ed  on the s la n ts  each 

c u ltu r e  was re p la te d  to  fu r th e r  in su re  pure c u ltu r e s .  The optimum 

tem perature fo r  a l l  but one o f  the cu ltu r e s  was found to be room temperature 

(25°C ). One c u ltu r e  grew b e s t  a t  l7°C to  22°C.

From th e  m orphological s tu d ie s  made on th e se  cu ltu res  i t  became 

apparent th a t a d iv er se  group o f  organism s was p resen t, and th a t  w ith in  

the l im ita t io n s  o f  t h is  paper i t  would be w ise  to  attem pt m erely an 

id e n t i f i c a t io n  o f  th e  organisms from th e  two in d iv id u a ls  and to  make no 

attem pt to  determ ine whether th is  f lo r a  i s  uniform in  a la r g e  number o f  

specim ens»

M orphological s tu d ie s  were made in  d e t a i l  and much tro u b le  was 

exp erien ced  due to  pleomorphism. In o cu la tio n s  were made in to  various



-1 1 -

media and here again  s tr a in  v a r ia t io n  became e v id e n t . With few  excep tion s  

a l l  in o c u la t io n s  were made in  d u p lica te  and o fte n  in  t r i p l i c a t e  or 

q u ad ru p lica te .

Incubations were made a t  room tem perature except w ith  g e la t in ,  which 

was incubated  in  th e 20°C in cu b a to r . Regarding in cu b a tio n  tim e, starch  

h y d r o ly s is  t e s t s  were made a f t e r  5 to  7 days. G ela tin  sta b s  were incubated  

6 w eeks. A ll o th er  media were incubated  fo r  a t  l e a s t  two w eeks.

From tim e to  tim e a l l  c u ltu r e s  were examined fo r  p u r ity  by rep la tin g  

and making g ra m -sta in s . At th e c lo s e  o f  t h is  in v e s t ig a t io n  a l l  cu ltu res  

in c lu d ed  in  th is  paper were again  examined m ic r o sc o p ic a lly  from 24 hour 

d extrose  agar s la n ts  and th e morphology checked w ith  th e  data p rev iou sly  

ob ta in ed  fo r  each c u ltu r e .

A t o t a l  o f  90 s tr a in s  o f  organisms was o r ig in a lly  i s o la t e d  from the 

two in s e c t s .  Of th e s e , 60 s tr a in s  o f  E u b aoter ia les  were f i n a l l y  included  

in  t h is  paper. Most o f  the o th ers  were e lim in a ted  as A otin o iryoeta les , 

or o f  doubtfu l p u r ity ;  se v e r a l d ied  a f te r  a few tr a n sfe r s  on dextrose  

aLa r , on which they grew in  varying degrees a t  f i r s t .  C ultures from the 

f i r s t  in s e c t  examined are la b e l le d  ' A '• Those from th e  second in s e c t  are

UbeUsi 1B1
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RESULTS

The f i f t y  organism s is o la te d  from the a lim entary t r a c t  o f  
C r y llo b la tta  cam^odeiformis are l i s t e d  below w ith  th e m orphological and 
p h y s io lo g ic a l c a ra c te rs  found by th e  a u th o r . The r e s u l t s  recorded wore 
c o n f in e d  by repeated  t e s t s ,  and in  th o se  ca se s  where th ey  d id  n o t check  
th e t e r  i v a r ia b le  was u sed .

Al Iicrocoocus sp .

Io cc ii 0 .6  to  1 .0  micron in  d iam eter , occurring s in g ly ,  in  p a ir s ,  
and in  m asses. E o n -m o tile . G ram -positive.

C e la t i s ta b i S tra tifo rm  liq u e fa c t io n .
' o x tro se  agar s l a n t i Abundant, sp read in g , r a ise d , g l i s t e n in g ,  smooth, 

p in k ish .
Litmus n i l  ; S low ly becoming a lk a l in e .
Iydrogen s u l f id e  production  s l i g h t .

K oser’ s c i t r a t e  p o s i t iv e .
Starch h y d r o ly s is  p o s i t iv e .
I i t r i t e s  produced from n i t r a t e s .
Indol n o t produced.
ogoe-P roskauor n e g a t iv e .

Acid from d e x tr o se . Acid may or ay n o t  be produced from m a ltose . o 
ao i from la c t o s e ,  su crose  or m ann ito l.

Potato t Scanty , e o h in u la te , r a is e d , g l i s t e n in g ,  sm ooth, p ink, 
medium n o t darkened.

A erob ic.
a b l t a t i  P o re -g u t.

A2 Iicroooccus sp .

C oooii 0 . 8  to  1 .4  microns in  d iam eter , occurring  s in g ly ,  in  .a ir s  and 
in  m asses, C rai- p o s i t i v e .  M on-m otile.

G e la tin  s ta b i ' apiform  l iq u e fa c t io n .
D extrose a, ar s l a n t i Abundant, f i l i f o r m ,  convex, g l i s t e n in g ,  smooth, 

oreamy y e llo w .
Litmus m ilk i S low ly becoming w eakly a lk a l in e .
hydrogen s u l f id e  v a r ia b le .
K oser’s c i t r a t e  p o s i t iv e .
Starch n ot h yd rolyzed .
N it r i t e s  produced from n i t r a t e s .
Indol n o t produced.
Voges-Proekauer n e g a t iv e .
Acid ir d ex tro se  and a l t o s e ,  Po a c id  from su cro se , la c to s e  or

m an n ito l.
P ota to : Scanty , e o h in u la te , f l a t ,  g l i s t e n in g ,  sm ooth, y e llo w , medium

unchan ed .
Aerobic *
KabI t a t ;  Por e -g u t .
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C ocoii 1 .1  to  1*4 TTiierons in  d ia n e te r , occurring  s in g ly ,  in  p a ir s ,  
and in  m s s s s .  ] o n -m o tile . G ram -p ositive.

G e la tin  s t a b ; S tra tifo rm , napiform  or ln fu n d ib u liform  l iq u e fa c t io n ,  
e x Urose a^.ar s la n t :  Abundant, f i l i f o r  i ,  r a ise d , g l i s t e n in g ,  smooth,

y e llo w .
Litmus i i i lk : S low ly becoming a llc a lin e , reduced in  bottom .

ydrogen s u l f id e  n e g a t iv e .
K oser's  c i t r a t e  p o s i t iv e .
Starch hydrolyzed• 

i t r i t e s  produced from n i t r a t e s .
Indol n o t produced.
Voj e s -Pros’ auer n e g a t iv e .
Vo  a c id  fro: carb oh yd rates.
Potato I © derate, sp read in g , r a is e d ,  d u l l ,  s l i g h t ly  v err u c o se , d u ll  

y e llo w , medium darkened.
A erob ic.

a b ita t j  F o re -g u t.

AS Iic ro co ccu s sp»

A4 icro co ccu s su b flavus

C occi: 0 .8  to  1 .6  microns in  d ia m eter , occurring s in g ly ,  in p a ir s , and
in  m asses. Ko n -m o tile . G ram -positive.

G e la tin  stab* L iq u efaction  n a p ifo r  i or  s tr a t ifo r m .
D extrose agar s la n t :  Abundant, f i l i f o r m ,  convex, g l i s t e n in g ,  smooth,

pale y e llo w .
Litmus i l l ': S low ly  becoming a lk a l in e ,
hydrogen s u l f id e  n o t  form ed.
Kosar's  c i t r a t e  p o s i t iv e .
Starch h y d r o ly s is  v a r ia b le .

i t r i t e s  not produced from n i t r a t e s .
Indol n o t produced.
Voges-Proskauer n e g a t iv e .
Fo a c id  from d e x tr o se , m alto se , la c to s e ,  su cro se , or aimI t o l .
P o ta to : Scanty , f i l i f o r m ,  convex, d u l l ,  smooth, y e llo w , nedium

unchanged.
A erob ic.
H abitat * F o re -g u t.
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C oocit 0» to  1#4 miorons in  d iam eter , occurring s in g ly ,  in  p a irs  
and in  Masses* G ram -positive * Non-m otlie*

G elatin  stab  t Ne liq u e fa c t io n *
D extrose agar s l a n t t M oderate, e o h in u la te , r a is e d , g l i s t e n in g ,  

smooth, w hite*
Litmus m ilk : S low ly becoming acid*  No curd*

ydrogen s u l f id e  n ot formed*
K oser*6 c i t r a t e  v a r ia b le*
Starch  n o t hydrolyzed*  

i t r a t e s  reduced to  n i t r i t e s •
Indol n o t produced*
V oges-Proskauer n e g a t iv e .
Acid in la c t o s e ,  su c r o se , d e x tr o se , and m a lto se , no acid  in  m annitol* 
P o ta to : S can ty , e o h in u la te , r a is e d ,  d u l l ,  s l i g h t ly  ru g o se , gray ,

medium n o t darkened*
Aerobic »
H ab itat i Fore-gut*

AS lc r o c o c c u s  e p id e r i i ld l s

AS M icrococcus ep iderm ld is

C occi; 0*4 to  0 .8  micron in  d iam eter , occurring s in g ly ,  in  p a ir s , and 
in  masses* G ram -positive* lo n -m o t ile .

G elatin  sta b s No liq u e fa c t io n *
D extrose a, ar s la n t :  Moderate, e o h in u la te , r a is e d , g l i s t e n in g ,  smooth,

w h ite •
Litmus m ilk : S low ly becoming acid*  Ho coagu lation*
M yrogen s u lf id e  n ot produced*
K oser' s c i t r a t e  n ega tive*
Starch  n o t hydrolyzed*
M t r i t e s  produced from n itr a te s *
Indol not produced*
V oges-Proekauer n ega tive*
Acid from d e x tr o se , m a lto se , su crose  and la c to se *  No a c id  from 

m annitol*
P o ta to : S can ty , e o h in u la te , r a is e d ,  g l i s t e n in g ,  smooth, g r a y ish -w h ite ,

medium n o t d isco lo red *
A erob ic , fa c u lta t iv e *  
h a b ita t:  Fore-gut*
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A7 ^ icrooocous ep lderm id is

C oce ii 0*2 to  0*7 microns in  d iam eter , occurring  s in g ly  and in pa irs*  
Gra -  jo s it iv o *  Hon-cmatile*

G ela tin  s ta b : Ko liq u e fa c t io n *
D extrose a;;ar s la n t*  S can ty , beaded, convex, g l i s t e n in g ,  smooth, 

w h ite .
Litmus m ilks S low ly becoming w eakly a c id .
Hydrogen s u l f id e  n o t produced.
Kocer’s c i t r a t e  p o s i t iv e .
Starch  n o t hydrolyzed*
K itra te s  reduced to  n i t r i t e s .
Indol n o t produced*
V oges-Proskauer n e g a t iv e .
Acid from d e x tr o se , su c r o se , la c t o s e ,  and m a lto se . To a c id  from  

m an n ito l.
P o ta to t S can ty , e c h in u la te , r a is e d ,  s l i g h t ly  d u l l ,  s l i g h t l y  verrucosa , 

l i g h t  g ray , p otato  unchanged.
Aerobic *
H abitat* F o re -g u t.

AS icro co ccu s sp .

Cocci* 0 .5  to  0*4 micron in  d iam eter , occurring s in g ly  and in p a ir s . 
G ram -positive* I on -m otile*

G ela tin  stab* S tra tifo rm  l iq u e fa c t io n •
D extrose a ar s la n t*  M oderate, e c h in u la te , f l a t ,  g l i s t e n in g ,  smooth, 

grayish-brow n•
Litmus m ilk  * eduction  and curd in  lower part* Peptonized in  upper

part*
Hydrogen s u lf id e  n o t produced*
K oser's c i t r a t e  n eg a tiv e*
Starch n o t h yd ro lyzed .
T i t r i t e s  produced from n i t r a t e s .
Indol n o t produced.
Vogas-ProsHauer n e g a t iv e •
Acid from la c t o s e ,  su cro se , d extrose*  Io  a c id  from m annitol*
Potato* b d era te , sp read in g , r a is e d ,  g l i s t e n in g ,  sm ooth, gray . 
Aerobic *
H abitat * Fore-gut*
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CoeclT 0*8 to  1*4 microns in  d iam eter , occurring s in g ly  Ir 
p a ir s  and snassas* G ram -positive* io n -m o tile*

G ela tin  s t a b t S tra tifo rm  liq u e fa c tio n *
D extrose agar s l a n t t Moderate, e c h in u la te , r a is e d , g l i s t e n in g ,  

smooth, cream co lored *
Litmus m ilk  j S low ly  becoming a lk a lin e  w ith  red u ction  in  bottom . 
Hydrogen s u lf id e  n ot produced.
K oser*s c i t r a t e  p o s it iv e *
Starch  n o t hydrolyzed*
T itr a te s  reduced to  n i t r i t e s *
Indol n o t produced*
Voges -Proslcauer n e g a tiv e  »
A erob ic,  fa c u lta t iv e *
H a b ita ti F o re -g u t.
Acid in  d e x tr o se , su c r o se , la c to s e ,  m altose. Ko a c id  in  mannitol*

B9 lcrococcu e sp*

AlO M icrococcus sp*

C occ ii 1 .1  to  1*6 microns in  d iam eter , occurring s in g ly ,  in  p a irs  
and in  masses* lo n -m o t i le .  G ram -positive.

G ela tin  stab  * Ho l iq u e fa c t io n .
D extrose a ar s la n t*  M oderate, e c h in u la te ,  r a is e d ,  g l i s t e n in g ,  

smooth, l i g h t  orange.
Litmus m ilk i S low ly becoming a lk a lin e *
Hydrogen s u lf id e  n o t form ed.
K oser*s c i t r a t e  v a r ia b le .
Starch  h y d r o ly s is  v a r ia b le .

i t r a t e s  reduced to  n i t r i t e s *
Indol n o t produced.
Vogus-Proskauer n e g a t iv e .
P o ta to : Ho grow th.
A erob ic.
■oak a c id  produced from d e x tr o se , la c t o s e ,  su cro se , m a lto se . Ko 

a c id  from m an n ito l.
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A l l  Miorooooous sp .

C oooii 0 .6  to  1 .0  mioron in  diam eter occurring  s in g ly ,  in  p a irs  
and in  m asses. N on-m otile . G ram -positive.

G e la tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
D extrose a^ar s l a n t i M oderate, beaded, r a ise d , g l i s t e n in g ,  smooth, 

g ra y ish -w h ite .
Litmus m ilk i S low ly becoming a lk a lin e ,  reduced in  bottom .
hydrogen s u lf id e  not produced,
Koser1K c i t r a t e  p o s i t iv e .
S tarch  h y d r o ly s is  v a r ia b le .
N itr a te s  reduced to n i t r i t e s .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
Acid from d ex tro se , su cro se , m altose  and la c to s e .  No a c id  from 

m an n ito l.
P o ta to i Scanty , eo h in u la te , f l a t ,  g l i s t e n in g ,  smooth, orange, 

medium unchanged.
A erob ic.
H a b ita t: P o re -g u t.

B12 M icrococcus sp .

Cocci i 0 .9  to  1 .4  m icrons in  d iam eter, occurring s in g ly ,  in  p a ir s  and 
in  m asses. G ram -p ositive. N on-m otile.

G e la tin  a ta b i Napiform l iq u e fa c t io n .
D extrose agar s l a n t t M oderate, e o h in u la te , r a is e d , d u l l ,  smooth, 

cream -colored .
Litmus m ilk i S low ly becoming weakly a lk a lin e .
Ifydrogen s u l f id e  not produced.
Koser1s c i t r a t e  p o s i t iv e .
Starch  n ot h yd rolyzed .
N it r i t e s  produced from n i t r a t e s .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
Acid from d ex tro se , su cro se , m a lto se , and la c to s e .  No a c id  from 

m an n ito l.
A erob ic.
H ab itat: H ind-gut
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AlS Microoooous sp«

Coooit 0 ,2  to  0 ,7  micron in  d iam eter, occurring  s in g ly ,  in  p a ir s ,  and 
in  m asses. Gra m -p o s it iv e . N on-m otile.

G e la tin  s ta b : S tra tifo rm  liq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , r a is e d , g l i s t e n in g ,  smooth,

tran sp aren t w h ite .
Litmus m ilk  I S low ly becoming p ep ton ized .
Hydrogen s u lf id e  n ot produced.
Kosert S c i t r a t e  p o s i t iv e .
S tarch  h y d r o ly s is  s l i g h t .
N itr a te s  n o t reduced to  n i t r i t e s .
Indol n o t produced.
V oges-Iroskauer n e g a t iv e .
Weak a c id  production  from d e x tro se . No a c id  from m a lto se , la c to s e ,  

su cro se , or m an n ito l.
P o ta to i Abundant, sp read in g , r a is e d , g l i s t e n in g ,  smooth, d ir ty  gray , 

medium darkened.
A erob ic.
Habi t a t i  F o re -g u t.

A l4 M icrococcus sp .

Cocci i 0 .7  to 1 .6  m icrons in  d iam eter, occurring in  p a ir s .  Non- 
m o t ile .  G ram -positive.

G e la tin  s ta b i S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t i Abundant, e o h in u la te , convex, g l i s t e n in g ,  

smooth, g r a y ish -w h ite .
Litmus m ilk i S low ly becoming a lk a l in e ,  reduced in  bottom . 
Hydrogen s u l f id e  v a r ia b le .
Koser’ s c i t r a t e  p o s i t iv e .
Starch not hydrolyzed .
N it r i t e s  n ot produced from n i t r a t e s .
Indol n o t produced.
Voges-Proskauer n e g a t iv e .
No a c id  in  carbohydrates.
P o ta to : No growth.
A erob ic.
Habit a t t F o re -g u t.
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A16 Mlorooooous sp .

C oooii 0 .3  to 1 .2  m icrons In  d iam eter , occu rrin g  s in g ly  and in  m asses. 
O ram -positive. M on-m otile.

G e la tin  stab  i S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, e o h in u la te , r a is e d , g l i s t e n in g ,

smooth, w h ite .
Litmus m ilk : S low ly becoming a o id . Reduced in  low er tw o -th ird s .

S o ft  curd on bottom .
Hydrogen s u lf id e  n o t formed.
Koser’ s c i t r a t e  p o s i t iv e .
Staroh hydrolyzed s l i g h t l y .
N itr a te s  n o t reduced.
Indol n o t produced.
Voges-Proakauer n e g a t iv e .
Aoid in  d e x tr o se , la c t o s e ,  su cro se , m a lto se , and m a n n ito l.
P o ta to : Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, d ir ty  gray,

medium darkened s l i g h t l y .
A erob ic.
H ab ita t: F o re -g u t.

AlS Miorocooous fr e u d e n r e io h ii

C oooi: 0 .6  in  d iam eter , occurring  s in g ly ,  in  p a ir s ,  and in  m asses.
N on-m otile . G ram -positive.

G e la tin  s ta b : In fu n d ib u lifo r a  l iq u e fa c t io n .
D extrose agar s la n t :  S can ty , f i l i f o r m ,  smooth, r a is e d ,  g l i s t e n in g ,

w h ite .
Litmus m ilk : S low ly becoming a o id .
Hydrogen s u lf id e  n e g a t iv e .
Starch  h y d r o ly s is  n e g a t iv e .
Koserf S c i t r a t e  p o s i t iv e .
N itr a te s  n o t reduced .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
Aoid in  d ex tro se , la c t o s e ,  su cro se , m a lto se , and m an n ito l.
P o ta to : Abundant, sp read in g , r a is e d ,  smooth, d u l l ,  g ra y ish  ce n te r ,

l i g h t  orange ed g es, p ota to  darkened.
Aerobic f a c u l t a t iv e .
H ab ita t: F o re -g u t.
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A l7 Haoterium sp .

Short r o d s i Very pleom orphic. Some la r g e  and p ear-shaped. 0 .6  by 
1 .1  m icrons, occu rrin g  s in g ly  and in  p a ir s .  Asporogenous.  G ram -positive. 
N on-m otile .

G e la tin  stabs No l iq u e fa c t io n .
D extrose agar s la n ts  M oderate, e c h in u la te , r a is e d , g l i s t e n in g ,  smooth, 

g r a y ish -w h ite .
Litmus m ilks S low ly  becoming a lk a l in e ,  
ffydrogen s u lf id e  not produced.
K oser’ s c i t r a t e  v a r ia b le .
S tarch  n o t h yd ro lysed .
N itr a te  red u ctio n  v a r ia b le .
Indol n ot produced.
V oges-Proskauer n e g a t iv e .
Acid from d ex tro se , la c t o s e ,  m a lto se , su cro se , or m an n ito l.
P otato  I S can ty , e c h in u la te , r a is e d , g l i s t e n in g ,  smooth, gray , medium 

unchanged.
A erob ic.
H abitats P o re -g u t.

AlS Sac herium sp .

Rodss Very p leom orphic. 0 .8  to  1 .6  m icrons, occu rr in g  s in g ly ,  and 
in  p a ir s .  G ram -p ositive . N on-m otile. Asporogenous.

G e la tin  sta b s No l iq u e fa c t io n .
D extrose agar s la n ts  Abundant, beaded, convex, g l i s t e n in g ,  smooth, 

cream -colored .
Litmus m ilks S low ly becoming a lk a lin e  in  upper p o r tio n , reduced  

below .
Hydrogen s u lf id e  n e g a t iv e .
Koser’ s c i t r a t e  v a r ia b le .
Starch  n ot hydrolyzed .
N itr a te s  reduced to  n i t r i t e s .
Indol n ot produced.
Voges-Proskauer n e g a t iv e .
Aoid from d extrose  and su cro se . No a c id  in  m a lto se , la c t o s e ,  or 

m a n n ito l.
F ota tos S can ty , e c h in u la te , r a is e d ,  g l i s t e n in g ,  smooth, gray , medium 

n o t changed.
A erob ic.
H abitats F o re -g u t.



plwomorphio* O.S mioron wide by 1 .1  to  1 .7  miorons lon«;, 
ooourrinr o^o^ly nnd in  om lr*. fJrwm-poaitiTe. Non-mo t i l e .  Aaporogenous. 

G elfttln  atftbt S tra tiform  l iq u e fa c t io n .
D extrose agar s l a n t « Abundant, f i l i f o r m ,  r a ise d , g l i s t e n in g ,  smooth, 

Crear^r-White c o lo r .
Litmus m ilk j S low ly becoming p en ton ieed . 
rt’-drogen a u lf id e  n e g a t iv e .
R oger's c i t r a t e  p o s i t iv e .
Starch  h y d ro lysed .
N itr a te s  reduced to  n i t r i t e s .
Indol not produced.
V oges-Proekauer n e g a t iv e .
A cid in  d extrose  and su cro se . No a o id  in  la c to s e ,  m a lto se , or m annitol 
P o ta to i Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, g ra y ish -  

brown c o lo r ,  medium darkened.
A erob ic.
H ab itat; F o re -g u t.

A l9 up.

B20 Baoterium sp .

Small rods* 0 .3  to  0 .5  micron wide by 0 .8  to  1 .6  m icrons lon g , 
occu rrin g  s in g ly ,  in  p a irs  and sh o rt c h a in s .  G ram -positive. N on-m otile. 
Aeporogenous.

G e la tin  stab* S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t*  Abundant, sp read in g , r a is e d , g l i s t e n in g ,  smooth, 

w h ite .
Litmus milk* S low ly becoming p ep ton ized .
'tydrogen s u lf id e  n e g a t iv e .
K oser'e  c i t r a t e  p o s i t iv e .
Starch  n o t h yd ro lyzed .
N itr a te  red u ctio n  v a r ia b le .
Indol n o t produced.
Voges-Proskauer n e g a t iv e .
Acid in  d extrose  and su o ro se . No a c id  in  la c to s e ,  m a lto se , or m annitol
Potato* Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, d ir ty  gray , 

medium darkened.
A erob ic.
H abitat* H ind-gut.



22-

Short rods i Pleom orphlo. 0 .7  to  0 .8  miorOn wide by 0 .8  to  1 .7  m icrons
lo n g , ooourring s in g ly  and in  p a ir s . G ram .p ositive . N on-m otile . 
Aeporogenous.

G e la tin  sta b s S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n ts  Abundant, sp read in g , convex, g l i s t e n in g ,  smooth, 

cream y-w hite.
Litamis m ilks S low ly  becoming a lk a lin e  w ith  red u ction  in  bottom .
hydrogen s u l f id e  production  v a r ia b le .
Kosort s c i t r a t e  p o s i t iv e .
Starch h yd rolyzed .
N it r i t e s  produced from n i t r a t e s .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
Acid from d extrose  and su cro se . Weak a c id  from m an n ito l. No aoid  in  

m a lto se , or la o t o s e .
P ota tos Abundant, sp read in g , r a is e d ,  d u ll ,  smooth, d ir ty  gray , medium 

darkened.
A erob ic.
H abitats P o re -g u t.

B21 Baoterimn ap.

A22 Bao terium op .

Short rods i 0 .3  to  0 .6  micron wide by 0 .6  to  1 .43  miorono lon g , 
occu rrin g  s in g ly  and in  p a ir s .  G ram -p ositive . N on-m otile. Asporogenous.

G e la tin  stab s S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n ts  Abundant, e o h in u la te , r a is e d ,  g l i s t e n in g ,  smooth, 

g ra y ish -w h ite .
Litmus m ilks S low ly becoming p ep ton ized  in  upper h a lf  o f  tu b e, 

reduced in  lower p o r tio n  w ith  r o f t  curd.
Hydrogen s u l f id e  p o s i t iv e .
Kosert B o i t r a t e  p o s i t iv e .
Starch s tr o n g ly  h yd rolyzed .
N it r i t e s  produced from n i t r a t e s .
Indol n ot produced.
V oges-Proskauer n e g a t iv e .
Aoid in  d ex tro se , su cro se , la c to s e .  No ao id  in  m altose  or m ann ito l.
P ota tos Abundant0 sp read in g , r a is e d ,  d u l l ,  smooth, g r a y !sh -brown, 

medium darkened.
A erob ic.
H abitats F o re -g u t.
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Small r o d s i 0 .3  to  0 .5  mioron wide by 0 .8  to 1 .4  m icrons lon g , 
occu rrin g  s in g ly  and in  p a ir s .  G ram -positive. N on-m otile . Asporogenous.

G e la tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
d extrose agar s la n t :  Abundant, sp read in g , r a ise d , g l i s t e n in g ,

smooth, creamy w h ite .
Litmus m ilk : S low ly becoming p ep ton ized  in  upper p o r t io n . S o ft  curd

and reduced below .
Hydrogen s u l f id e  production  v a r ia b le .
K oser1S c i t r a t e  p o s i t iv e .
Starch  h yd ro lyzed .
N itr a te s  reduced to n i t r i t e s .
Indol n o t produced.
Voge s - Proskauer n e g a t iv e .
Acid from d ex tro se . A cid production  v a r ia b le  from su c r o se . No a c id  

produced from la c t o s e ,  m a lto se , or m an n ito l.
P o ta to : Abundant, sp read in g , convex, smooth, g l i s t e n in g ,  d ir ty

g r a j , medium unchanged.
A erob ic.
H ab itat: H ind-gut.

B23 Bacterium sp«

A24 Bacterium sp .

Short ro d s: 0 .8 4  to  1 .12  microns wide by 1 .4  to  1 .6  m icrons lo n g ,
occu rrin g  s in g ly  and in  p a ir s .  Gra m -p o s it iv e . N on-m otile . Asporogenous. 

G ela tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , r a is e d , g l i s t e n in g ,  smooth,

w h ite .
Litmus m ilk: S low ly becoming p ep ton ized  w ith  red u ction  in  bottom.
Hydrogen s u lf id e  v a r ia b le .
Koser1s c i t r a t e  p o s i t iv e .
Starch h yd ro lyzed .
N itr a te s  n o t reduced .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
No a o id  in  m an n ito l, la c to s e ,  d ex tro se , m a lto se , or su c r o se .
P o ta to : Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, d ir ty

gray medium darkened.
A erob ic.
H ab ita t: F o re -g u t.
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Short rod st 0 .5  to 0 ,6  micron wide by 0 ,5  to  1 ,0  mioron lon g , 
ooourring s in g ly  and in  p a ir s , N on-m otile . G ram -positive. Asporogenous.

G e la tin  stab  t S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , r a is e d , g l i s t e n in g ,  smooth,

cream c o lo red .
Litmus m ilk : S low ly becoming p ep ton ized  in  upper p o r tio n , lower

p art reduced.
Hydrogen s u l f id e  n e g a t iv e ,
Koaer1B c i t r a t e  p o s i t iv e .
Starch h y d r o ly s is  v a r ia b le .
N it r i t e s  n o t produced from n i t r a t e s ,
Indol n o t produced,
V oges-Proskauer n e g a t iv e ,
Aoid from d ex tro se  and su c r o se . No a c id  from m a lto se , la c to s e ,  or 

m an n ito l.
P o ta to : Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, d ir ty  gray ,

medium darkened.
A erob ic.
H ab itat: F o re -g u t,

A26 Daoterium sp .

B26 Bacterium sp .

Small ro d s: 0 ,3  to  0 .7  micron wide by 1 ,1  to  1 .5  m icrons lon g ,
ooourring s in g ly  and in  p a ir s .  G ram -p ositive . N on-m otile . Asporogenous.

G e la tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , convex, g l i s t e n in g ,

smooth, creaky w h ite .
Litmus m ilk : S low ly pepton ized  in  upper p ortion  w ith  red u ction

below .
Hydrogen s u lf id e  p o s i t iv e .
K oser's c i t r a t e  p o s i t iv e .
Starch  s tr o n g ly  h yd rolyzed .
N itr a te s  not reduced.
Indol n o t produced.
Voges-Proskauer n e g a t iv e .
Aojd from d e x tr o se , la c t o s e ,  su cro se , and m an n ito l. No a c id  from 

m a lto se .
P o ta to : Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, d ir ty

gray medium darkened.
A erob ic.
H ab ita t: F ore -g u t.
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Rodsi P leom orphic. 1 .0  to  1 .3  miorons wide by 2 .0  m icrons lon g ,
occu rrin g  s in g ly ,  and in  sh o rt ch a in s . G ram -positive. M o tile . 
A sporogenous.

G ela tin  s ta b i C rateriform  l iq u e fa c t io n .
D extrose agar s la n t :  M oderate, eo h in u la te , r a is e d , g l i s t e n in g ,

smooth, g ra y ish -w h ite .
Litmus m ilk i S low ly becoming a lk a l in e .
Rydrogen s u lf id e  n o t produced.
K oser's c i t r a t e  p o s i t iv e .
Starch  n ot h yd ro lysed .
N itr a te s  n ot reduced .
Indol n o t produced.
Voges-Proskauer n e g a t iv e .
Weak a c id  from d e x tr o se , su cro se , and m a lto se . No a c id  from la c to s e  

or m an n ito l.
P o ta to i M oderate, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, gray, 

medium darkened.
A erob ic.
H ab ita ti P o re -g u t.

A27 Bao terium  sp .

A28 Bacterium sp .

Rodsi 0 .3  to  0 .6  micron wide by 1 .0  to  1 .4  microns lo n g , occurring  
s in g ly  and in  p a ir s .  M o tile . G ram -p ositive. Asporogenous.

G e la tin  s t a b i S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t i M oderate, e o h in u la te , r a is e d , g l i s t e n in g ,  

smooth, g r a y ish -w h ite .
Litmus m ilk : Slow ly p ep ton ised  in  upper th ree -q u a rters  o f  tu b e,

s o f t  curd and reduced below . D u p lica te  a lk a lin e  in  upper h a l f ,  reduced  
in  th e  lower h a l f .

Rydrogen s u lf id e  n o t formed.
Kosert S c i t r a t e  p o s i t iv e .
Starch  hydrolyzed .
N it r i t e s  n o t produced from n i t r a t e s .
Indol n o t produced.
Voges-Proskauer n e g a t iv e .
Acid produced in  d ex tro se , su cro se ,m a n n ito l, and m a lto se . No a c id  

in  la c t o s e .
P o ta to : M oderate ,•spread ing , r a is e d ,  d u ll ,  v erru o o se , y e llo w , medium

darkened.
A erob ic.
H ab itat: P o re-gu t.
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Rodsi 0 .2  to  0 ,6  mioron wide by 1 .4  to  2 .2  microns lo n g , occurring  
s in g ly  and in  p a ir s .  M o tile . G ram -positive. Aeporogenous.

G e la tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , r a ise d , g l i s t e n in g ,

smooth, d u ll y e llo w .
Litmus m ilk : P ep to n iza tio n  in  upper tw o -th ir d s , low er p art reduced

and s o f t  curd formed.
% drogen s u lf id e  p o s i t iv e .
Koser1S c i t r a t e  p o s i t iv e .
S tarch  n ot h yd ro lysed .
N it r i t e s  produced from n i t r a t e s .
Indol n o t produced.
Voges- Proskauer n e g a t iv e .
No a c id  from carbohydrates.
P o ta to : Abundant, sp read in g , r a is e d , g l i s t e n in g ,  smooth, d ir ty

orange, medium darkened.
A e r o b ic ,fa c u lta t iv e .
Habit a t : F o re -g u t.

A29 Baoterium sp#

A30 B acterium sp .

Rods: 0 .2  to  0 .3  mioron wide by 0 .9  to  1 .6  m icrons lo n g , occurring
m ostly  s in g ly ,  some in  p a ir s .  G ram -positive. M o tile . Asporogenous. 

G e la tin  s ta b : S tra tiform  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , r a is e d , g l i s t e n in g ,

smooth, d u ll y e l lo w .
Litmus m ilk : Rapid p ep to n iza tio n  f i n a l l y  throughout e n t ir e  tu b e.
Hydrogen s u lf id e  produced.
K oser’ s c i t r a t e  p o s i t iv e .
Starch  n ot h yd rolyzed .
N itr a te s  reduced to  n i t r i t e s .
Indol n ot produced.
Voges-Proskauer n e g a t iv e .
No a c id  from carbohydrates.
P o ta to : Abundant, spread ing , r a is e d , g l i s t e n in g ,  smooth, d irty

orange, darkened.
A erob ic, f a c u l t a t iv e .
H ab ita t: F o re -g u t.
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Sm all rods i 0 .2  m icrons wide toy 0 .8  to  1 .4  m icrons lo n g , occurring  
s in g ly .  G ram -p ositive. M o tile . A sporogenous.

G e la tin  s ta b i S tra tifo rm  liq u e fa c t io n .
D extrose agar s la n t !  M oderate, e o h in u la te , r a is e d , g l i s t e n in g ,  

smooth, g r a y ish -w h ite .
Litmus m ilk i S low ly becoming a lk a l in e ,  reduced in  bottom .
Hydrogen s u lf id e  n e g a t iv e .
Koser1s c i t r a t e  v a r ia b le .
S tarch  n o t h yd rolyzed .
N itr a te s  n o t reduced .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
No a c id  from carb oh yd rates.
P o ta to i Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, gra y ish -  

brown, medium darkened.
A erob ic.
H ab itats F o re -g u t.

A31 Baoterium sp .

AS2 Bacterium sp .

Hods s 0 .2  to  0 .7  micron w ide by 0 .8  to  1 .43  microns lo n g , occurring  
s in g ly  and in  p a ir s .  Asporogenous. G ram -positive. N on-m otile .

G e la tin  s ta b : No l iq u e fa c t io n .
D extrose agar s la n ts  Abundant, sp read in g , r a ise d , g l i s t e n in g ,  

smooth, p in k ish .
Litmus m ilks I n e r t .
Ttydrogen s u lf id e  n o t produced.
K oser's c i t r a t e  n e g a t iv e .
Staroh hydrolyzed .
N it r i t e s  n o t produced from n i t r a t e s .
Indol n o t produced.
V ogee-Proskauer n e g a t iv e .
Aoid in  d e x tro se , m a lto se , and la c t o s e .  No a c id  in  su crose  or 

m an n ito l. No a c id  in  r a f f in o s e .
. P otato  s S l ig h t ,  beaded to  scanty  f i l i f o r m , r a is e d , g l i s t e n in g ,  

smooth, y e llo w , medium n ot d isc o lo r e d .
Twaperature r e la t io n s  s Grows a t  room tem perature. Grows b e s t  a t  

17°C to  22°C.
A erob ic.
H abitats F o re -g u t.
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Large r o d s i 0 .6  to  1 .0  micron w ide by 2 .1  to  3 .4  microns lon g , 
occu rrin g  s in g ly ,  in  p a ir s ,  and in  sh o rt c h a in s . Spores c e n tr a l ,  e lo n g a te .  
Sporangia c y l in d r ic a l  to s l i g h t ly  b u lged . M o tile . G ram -p ositive.

G e la tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  M oderate, beaded, convex, g l i s t e n in g ,  smooth,

tran sp aren t w h ite . Adherent to  medium.
Litmus m ilk : S low ly  becoming pepton ized  in  upper o n e -th ir d , lower

p art s o f t  curd w ith  in d ic a t io n s  o f  gas p rod u ction .
hydrogen s u lf id e  n e g a t iv e .
Koser1s c i t r a t e  v a r ia b le .
Starch  h yd rolyzed .
N it r i t e s  produced from n i t r a t e s .
Indol n ot produced.
Voges-Proskauer v a r ia b le .
Acid and gas produced from la c to s e ,  d ex tro se , su cro se , m a lto se , x y lo s e ,  

1 -a ra b in o se , r a f f in o s e .  In e r t  in  m an n ito l.
P o ta to : Abundant, sp read in g , r a is e d , g l i s t e n in g ,  d ir ty  gray , medium

darkened.
A erob ic, f a c u l t a t iv e .

A33 A erob aoillu s Group

A34 A erob ao illu s Group

Medium r o d s : 0 .3  to  0 .6  micron i n  w idth by 2 .8  to  3 .6  microns
lo n g , occurring  s in g ly  and in  p a ir s .  Spores c e n tr a l, e lo n g a te . Sporangia  
s l i g h t ly  bulged  to  c y l in d r ic a l .  G ram -p ositive . M o tile .

G e la tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, beaded, convex, g l i s t e n in g ,  verruoose,

transparent w h ite . Growth adherent to  medium.
Litmus m ilk : S o ft  curd and reduced. Later becoming pepton ized  in

upper h a l f  o f  tu b e, lower h a lf  hard curd w ith  evidence o f  gas form ation .
Hydrogen s u lf id e  production  v a r ia b le .
Koser1s c i t r a t e  p o s i t iv e .
S tarch  h yd rolyzed .
N it r i t e s  produced from n i t r a t e s .
Indol n o t produced.
Voges-Proskauer v a r ia b le .
Acid and gas from la c t o s e ,  su cro se , d ex tro se , m a lto se , x y lo s e ,  

1 -a ra b in o se , and r a f f in o s e .  No a c id  from m annito l.
P o ta to : Abundant, sp read in g , convex, g l i s t e n in g ,  ru g o se , gray.

Medium n o t changed. Evidence o f  gas form ation  in  bubbles a t  s id e  o f  s la n t .
A erob ic, f a c u l t a t iv e .
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Short r o d s : 0 .3  to  0 .7  miorons w ide by C.8  to  1 .4  miorons lon g ,
occu rrin g  s in g ly  and in  p a ir s .  Spores c e n tr a l ,  sm all and round. Sporangia  
c y l in d r ic a l .  G ram -positive. N on-m otile.

G e la tin  s ta b : No l iq u e fa c t io n .
D extrose agar s l a n t : M oderate, eo h in u la te , r a is e d , g l i s t e n in g ,

smooth, g r a y ish -w h ite . Non-adherent to medium.
Litmus m ilk : S low ly  becoming p ep ton ized .
Ifydrogen s u l f id e  n o t produced.
Koser1s c i t r a t e  p o s i t iv e .
Starch  n o t h yd rolyzed .
N itr a te s  reduced to  n i t r i t e s .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
No a c id  in  carbohydrates.
P o ta to : Moderate, sp read in g , r a is e d , d u l l ,  ru gose, p a le  g ra y ish -

orange, medium darkened.
A erob ic•
H ab itat: F o re -g u t.

A36 B a o illu s  adhaerens Group

B36 B a c illu s  adhaerens Group

Large r o d s : 0 .8 4  to  1 .4  microns w ide by 2 .9  to  4 .3  miorons lon g ,
occu rrin g  s in g ly ,  in  p a ir s ,  and sh o rt c h a in s . Spores c e n tr a l ,  o v a l.  
Sporangia c y l in d r ic a l .  G ram -positive. N on-m otile.

G e la tin  s ta b : S tra tiform  l iq u e fa c t io n .
Agar s l a n t : Abundant, spread ing , r a is e d ,  d u ll ,  ru gose , gray,

adherent to  medium.
Litmus m ilk : S low ly becoming p ep to n ized .
Ifydrogen s u l f id e  production  v a r ia b le .
Koser’ s c i t r a t e  p o s i t iv e .
S tarch  h yd rolyzed .
N it r i t e s  produced from n i t r a t e s .
Indol n ot produced.
Voges-Proskauer n e g a t iv e .
Weak a c id  production  from d e x tro se , su cro se , and m an n ito l. No a c id  in  

m a lto se , la c t o s e ,  1 -a ra b in o se , x y lo s e ,  or r a f f in o s e .
P o ta to : Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, d u ll  orange,

potato  darkened.
A erob ic.
H ab itat: F o re -g u t.
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AS7 iiaoilluB  adhaeran Group

Medium ro d si 0 .6  to  0 .8  mioron wide by 1 .4  to  2 .1  m icrons Ionjt, 
occurring  s in g ly  and in  p a ir s .  Spores longer than broad, c e n tr a l .  
Sporangia c y l in d r ic a l .  G ram -p ositive. Non-mo t i l e .

G e la tin  s ta b i S tra tifo rm  l iq u e fa c t io n .
D extrose agar s l a n t i Abundant, sp read in g , r a ise d , d u l l ,  rugose, 

d ir ty  gray , non-adherent to  medium.
Litmus m ilk : P ep to n iza tio n  commencing ea r ly  and going to  com pletion

throughout th e  tu b e.
Mydrogen s u lf id e  s tro n g ly  produced.
K oser's c i t r a t e  p o s i t iv e .
Starch  h y d r o ly s is  v a r ia b le .
N it r i t e s  produced from n i t r a t e s .
Indol not produced.
V oges-Proskauer v a r ia b le .
Acid from d ex tro se , su cro se , and m an n ito l. No a c id  from m altose , 

la c to s e ,  x y lo s e ,  l -a r a b in o s e , or r a f f in o s e .
P otato  i Abundant, sp read in g , r a is e d , g l i s t e n in g ,  ru gose , g ra y ish -  

brown, p otato  darkened.
Aerobic to  s l ig h t ly  f a c u l t a t iv e .
H abitat t H ind-gut.

B38 B a c illu s  o irou lan s Group

Rods: 0 .5  to  0 .8  micron wide by 2 .1  to  4 .2  m icrons lo n g , occurring
s in g ly  and in  p a ir s .  Spores term inal to  su b -term in a l, lon ger than broad. 
Sporangia p le o t r id ia .  G ram -positive. M o tile .

G e la tin  s ta b : C rateriform  l iq u e fa c t io n .
D extrose agar s la n t :  Scanty , e o h in u la te , r a ise d , g l i s t e n in g ,  smooth,

transparent gray , non-adherent to  medium.
Litmus m ilk : S low ly becoming p ep ton ized .
Mydrogen s u lf id e  production  s l i g h t .
K oser's c i t r a t e  n e g a t iv e .
Starch  not h yd rolyzed .
N itr a te s  n o t reduced.
Indol n ot produced.
Voges-Proskauer n e g a t iv e .
Acid n ot produced from carbohydrates.
P o ta to : Scanty , eo h in u la te , r a is e d , d u l l ,  verrucosa , grayish-brow n,

medium darkened.
A erob ic.
H abitat: H ind-gut.



-3 1 -

Rodei 0 .3  to 0 .6  raioron wide ty  1 .2  to 2 .8  miorons lo n g , occurring  
s in g ly  and in  p a ir s .  Spores c e n tr a l ,  s n a i l ,  s l ig h t ly  lon ger than broad. 
Sporangia s l i g h t l y  b u lged . G ram -positive. M o tile .

G e la tin  sta b : Napiform to  s tr a tifo r m  l iq u e fa c t io n .
D extrose agar s la n t*  Abundant, sp read in g , convex, g l i s t e n in g ,  

smooth, cream -colored , non-adherent to  medium.
Litmus m ilk : A lk a lin e .
Hydrogen s u lf id e  production  v a r ia b le .
Koserf s c i t r a t e  p o s i t iv e .
Starch  not hydrolyzed .
N itr a te s  n o t reduced.
Indol produced.
V oges-Proskauer n e g a t iv e .
Acid produced from d ex tro se , 1 -a ra b in o se , x y lo s e ,  and weakly from 

m an n ito l. No a c id  produced from su cro se , la c to s e ,  m a lto se , or r a f f in o s e .
Potato* M oderate, sp read in g , r a is e d ,  g l i s t e n in g ,  ru g o se , red d ish -  

brown grow th, darkening o f  medium.
A erob ic.

B39 Dao l H ub M iscellaneous Group

MO B a c illu s  s u b t i l i s  Group

Medium to  la r g e  rods * 0 .7  to  1 .1  miorons wide by 2 .4  to  4 .3  miorons
lo n g , occurring  s in g ly ,  in  p a ir s ,  and in  sh o rt c h a in s .  Spores c e n tr a l ,  
o v o id . Sporangia c y l in d r ic a l .  G ram -positive. M o tile .

G e la tin  stab* S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t*  Abundant, sp read in g , r a ise d , ru gose , d ir ty -  

gray , adherent to  medium.
Litmus m ilk* S low ly becoming p ep to n ized .
Hyi'rogen s u l f id e  production  v a r ia b le .
Koserf s o i t r a t e  p o s i t iv e .
Staroh s tr o n g ly  hydrolyzed .
N itr a te s  reduced to n i t r i t e s .
Indol not produced.
Voges-Proekauer n e g a t iv e .
Weak ao id  production  from m an n ito l. No aoid  produced from d ex trose , 

la c to s e ,  m a lto se , su cro se , x y lo s e ,  1 -a ra b in o se , or r a f f in o s e .
Potato* Abundant, sp read in g , r a is e d ,  g l i s t e n in g  becoming d u ll ,  

smooth, d u ll orange, medium darkened.
A erobic.
H abitat* F o re-g u t.
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B41 H aoillu s s u b t i l i s  Group

Large r o d s i 0*9 to 1 .1  mioron w ide by 1 .6  to  5 .7  m icrons lon g , 
occu rrin g  s in g ly ,  in  p a ir s ,  and sh ort c h a in s . Spores c e n tr a l ,  oval and 
la r g e .  Sporangia c y l in d r ic a l .  G ram -p ositive. M o tile .

G e la tin  sta b : S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , r a ise d , g l i s t e n in g ,

smooth to  s l i g h t ly  verru oose , g r a y ish -w h ite , non-adherent to  medium.
Litmus m ilk : S low ly becoming p ep ton ized  w ith  red u ctio n  on the bottom .
Hydrogen s u lf id e  produced.
K oser's c i t r a t e  p o s i t iv e .
S tarch  s l i g h t ly  hydrolyzed .
N it r i t e s  n ot produced from n i t r a t e s .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
No a c id  from carbohydrates.
P o ta to : Abundant, sp read in g , r a is e d ,  d u l l ,  smooth, d u ll orange,

medium darkened.
A erob ic.
H ab ita t: H ind-gut.

B42 B a c illu s  s u b t i l i s  Group

Large rod s: 0 .7  to  0 .8  micron wide by 1 .7  to  5 .7  m icrons lon g ,
occu rrin g  s in g ly ,  in  p a ir s ,  and in  sh o rt and long c h a in s . Spores c e n tr a l  
to  su b -c e n tr a l, o v a l.  Sporangia c y l in d r ic a l .  G ram -positive. M o tile . 

G ela tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , convex, g l i s t e n in g ,

smooth, gray , non-adherent to  medium.
Litmus m ilk : S low ly becoming p ep ton ized .
Eydrogen s u lf id e  produced. .
Koser’ s c i t r a t e  p o s i t iv e .
Starch  hydrolyzed s l i g h t l y .
N itr a te s  n o t reduced to  n i t r i t e s .
Indol not produced.
Voges-Proskauer n e g a t iv e .
No a c id  from carb oh yd rates.
P o ta to : No grow th.
A erob ic.
H abit a t : H in d -g u t•
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B43 B a c illu s  e u b t i l i s  Group

Large rods: 1 .4  to  1 .5  m icrons wide by 4 .6  to  5 .0  m icrons lon g ,
occu rrin g  s in g ly ,  in  p a ir s ,  and in  sh o rt and long c h a in s . Spores c e n tr a l ,  
longer than broad. Sporangia c y l in d r ic a l .  G ram -positive. M otile .

G e la tin  s ta b : S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , convex, g l i s t e n in g ,

smooth to  v erru o o se , g ra y ish -w h ite , non-adherent to  medium.
Litmus m ilk : S low ly becoming pepton ized  above w ith  red u ction  below .
Tfydrogen s u l f id e  production  v a r ia b le .
Koser’ s c i t r a t e  p o s i t iv e .
Starch  h y d r o ly s is  v a r ia b le .
N itr a te s  n o t reduced.
Indol not produced.
Voges-Proskauer n e g a t iv e .
No a c id  from carbohydrates.
P o ta to : Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  v erru o o se , d u ll

orange, medium darkened.
A erob ic .
Habita  t : H ind-gut•

B44 B a c illu s  s u b t i l i s  Group

Large r o d s : 0 .8  to  1 .6  m icrons wide by 2 .2  to 4 .3  m icrons lon g ,
occu rrin g  s in g ly ,  in  p a ir s ,  and in  long c h a in s . Spores c e n tr a l ,  
lon ger then broad. Sporangia c y l in d r ic a l .  G ram -positive. M o tile .

G e la tin  s ta b : S tra tifo rm  liq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , convex, g l i s t e n in g ,  smooth

to  v erru o o se , g ra y ish -w h ite , non-adherent to  medium.
Litmus m ilk : S low ly  becoming pepton ized  w ith  red u ction  in  bottom o f

tu b e .
Ifydrogen s u lf id e  production  v a r ia b le .
Koser’ s c i t r a t e  p o s i t iv e .
Starch  s l i g h t ly  h yd rolyzed .
N itr a te s  n ot reduced .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
No a c id  from carbohydrates.
P o ta to : Abundant, sp read in g , r a is e d ,  d u l l ,  smooth, d ir ty  orange.
A erob ic.
Habit a t : Hind -g u t.
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Medium r o d s i 1 .2  to  1 .4  miorons w ide by 2 .2  to  2 .9  m icrons lon g , 
occurring  s in g ly  and in  p a ir s .  G ram -positive. M o tile . Spores c e n tr a l,  
narrow, lo n g . Sporangia c y l in d r ic a l .

G e la tin  stab s S tra tiform  l iq u e fa c t io n .
D extrose agar s la n ts  Abundant, sp read in g , r a is e d ,  d u l l ,  ru gose, 

g ray , adherent to  medium.
Litmus m ilks Becoming pepton ized  q u ite  ra p id ly  and f i n a l l y  going  

to  com pletion  throughout e n t ir e  tu b e.
Ifydrogen s u lf id e  s tr o n g ly  produced,
Kosert S c i t r a t e  p o s i t iv e .
Starch s tro n g ly  hydrolyzed .
N it r i t e s  produced from n i t r a t e s ,
Indol n o t produced.
Voges-Proskauer v a r ia b le .
Acid produced from d extrose  and su c r o se . Weak a c id  production  in  

m altose  and m an n ito l. No a c id  from la c to s e ,  x y lo s e , 1 -a ra b in o se , or 
r a f f in o s e .

P o ta to s Abundant, sp read in g , r a is e d ,  d u l l ,  ru gose , grayish-brow n, 
medium darkened.

A erobic, f a c u l t a t iv e .
H abitats H ind-gut.

A45 B a c illu s  s u b t i l i s  Group

A46 B a c illu s  s u b t i l i s  Group

Rodss 1 .4  to  1 .7  miorons wide by 3 .0  to  4 ,4  miorons lo n g , occurring  
s in g ly ,  in  p a ir s ,  and sh o rt c h a in s . Spores c e n tr a l ,  lon ger than broad. 
Sporangia c y l in d r ic a l .  G rant-positive. M o tile .

G e la tin  sta b s S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n ts  Abundant, sp read in g , f l a t ,  d u l l ,  s l ig h t ly  

v erru o o se , gray , non-adherent to  medium.
Litmus m ilks R apidly becoming reduced in  bottom o f  tube w ith  form ation  

o f  a s o f t  curd . F in a lly  pepton ized  in  upper tw o -th ir d s .
Ifydrogen s u l f id e  p o s i t iv e .
Kosert s c i t r a t e  p o s i t iv e .
Starch  s tr o n g ly  hydrolyzed .
N it r i t e s  formed from n i t r a t e s .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
Acid formed from d ex tro se , su cro se , la c t o s e ,  and m a lto se . No a c id  

in  m an n ito l, x y lo s e ,  1 -a ra b in o se , or r a f f in o s e .
P otato  s Abundant, sp read in g , r a is e d , d u l l ,  verru oose , cream -colored , 

medium s l i g h t l y  darkened.
A erob ic , f a c u l t a t iv e .
Habit a t  s H ind-gut•
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Large r o d s« 0 .8  to  1 .4  microns wide by 2 .8  to  4 .3  m icrons lon g ,
occurring  s in g ly  and in  p a ir s .  Spores la r g e  and c e n tr a l ,  longer than 
broad. Sporangia c y l in d r ic a l .  G ram -p ositive. M o tile .

G e la tin  stab* S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t*  Abundant, sp read in g , r a ise d , d u l l ,  smooth, 

gray , non-adherent to  medium.
Litmus m ilk : P ep to n iza tio n  commencing ea r ly  and going to  com pletion

through-out tu b e .
Ifydrogen s u l f id e  produced.
Koser1S c i t r a t e  p o s i t iv e .
S tarch  h y d r o ly s is  s tr o n g ly  p o s i t iv e .
N itr a te s  reduced to  n i t r i t e s .
Indol n o t produced.
V oges-Pro skauer n e g a t iv e .
Acid from su cro se , d ex tro se , and m a lto se . No a c id  in  la c to s e ,  

m an n ito l, x y lo s e ,  l -a r a b in o s e , or r a f f in o s e .
Potato* Abundant, spread ing , convex, d u l l ,  v erru o o se , gray , medium 

n ot d isc o lo r e d .
A erob ic, f a c u l t a t iv e .
H abitat* H ind-gut.

A47 B a o illu s  s u b t i l l s  Group

848 B a c illu s  s u b t i l l s  Group

Medium rod s: 0 .8 4  to  1 .1  m icrons w ide by 2 .2  to  2 .9  m icrons lon g ,
occu rr in g  s in g ly  and in  p a ir s .  Spores c e n tr a l to  su b -c e n tr a l, longer  
than broad. Sporangia w ith  rounded ends, very s l ig h t ly  b u lged . Gram- 
p o s i t iv e .  M o tile .

G e la tin  stab* S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t*  M oderate, e c h in u la te , r a is e d , g l i s t e n in g ,  

smooth, c r e a m y  w h ite , non-adherent to  medium.
Litmus milk* S low ly p ep ton ized .
Ifydrogen s u lf id e  p o s i t iv e ,
K oser’ s c i t r a t e  p o s i t iv e .
Starch  s tr o n g ly  h yd rolyzed .
N it r i t e s  produced from n i t r a t e s .
Indol n o t produced.
V oges-Proskauer v a r ia b le .
Acid in  d ex tro se , su cro se , x y lo s e ,  and m an n ito l. No a c id  from 

la c t o s e ,  m a lto se , l -a r a b in o s e , or r a f f in o s e .
Potato* Abundant, sp read in g , r a is e d ,  d u l l ,  ru gose, d ir ty  gray, 

medium darkened.
A erobic.
H abitat* F o re -g u t.
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Medium r o d s« 1 .1  to  1 .4  miorone w ide by 2 .6  to  2 .9  miorons lon g ,
occu rrin g  s in g ly ,  in  p a ir s  and in  sh o rt and long c h a in s . Spores c e n tr a l,  
to  su b -c e n tr a l, lon ger than broad. Sporangia s l ig h t ly  sw o lle n , ends 
tru n ca te .  G ram -p ositive. M o tile .

G e la tin  s ta b :  S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , convex, g l i s t e n in g ,

v erru o o se , tran sp aren t w h ite , non-adherent to  medium.
Litmus m ilk : S low ly  becoming p ep ton ized  in  upper o n e -th ir d , reduced

in  lower p o r tio n .
Ttydrogen s u l f id e  s l i g h t ly  produced.
Koser1s c i t r a t e  p o s i t iv e .
Starch h yd rolyzed .
N itr a te s  reduced to n i t r i t e s .
Indol n o t produced.
Voges-Proekauer n e g a t iv e .
Acid in  d ex tro se , su cro se , and m a n n ito l. No a c id  in  la c to s e ,  x y lo s e ,  

m a lto se , 1 -a ra b in o se , or r a f f in o s e .
P o ta to : Abundant, sp read in g , r a is e d ,  g l i s t e n in g ,  smooth, creamy-

g ray , medium darkened.
A erob ic.

A49 B a o illu s  s u b t i l i s  Group

B60 B a c illu s  s u b t i l i s  Group

Large rod s: 1 .1  to  1 .4  microns w ide by 2 .8 6  to  4 .3  m icrons lon g ,
occu rr in g  s in g ly ,  in  p a ir s  and in  sh ort and Ionf c h a in s . Spores c e n tr a l ,  
o v o id , la r g e . Sporangia c y l in d r ic a l .  G ram -positive. M o tile .

G e la tin  s ta b i S tra tifo rm  l iq u e fa c t io n .
D extrose agar s la n t :  Abundant, sp read in g , convex, g l i s t e n in g ,

smooth, g r a y ish -w h ite , non-adherent to  medium.
Litmus m ilk : S low ly  becoming pepton ized  w ith  red u ctio n  in  the

bottom .
Ttydrogen s u lf id e  produced,
Koser1s c i t r a t e  p o s it iv e *
Starch  h y d r o ly s is  s l i g h t  to  n e g a t iv e .
N it r i t e s  produced from n i t r a t e s .
Indol n o t produced.
V oges-Proskauer n e g a t iv e .
Acid from d ex tro se , su cro se . No a c id  produced from la c t o s e ,  m a lto se , 

m an n ito l, x y lo s e ,  1 -a ra b in o se , or r a f f in o s e .
P o ta to : Abundant3 spread ing , r a is e d ,  g l i s t e n in g ,  smooth, d u ll orange,

medium darkened s l i g h t l y .
A erob ic.
H ab itat: H ind-gut.
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DISCUSSION

!here i s  an obvious la ck  o f  gram -negative sh ort rods in  th e  b a c te r ia l  

f lo r a  o f  th e  alim entary t r a c t  o f  G r y llo b la tta  oampodeiformis as compared 

w ith  th e  f lo r a  o f  o ther in s e c t s  as found by Steinhaus (1 9 4 1 ) . Over 

60 per cen t o f  th e  b a c te r ia l  f lo r a  o f  the in s e c t s  examined by th a t  worker 

was made up o f  gram -negative sh ort ro d s . S teinhaus s ta te d  th a t he had 

g iv en  th e  percen tages m erely fo r  the purpose o f  making approximate 

com parisons and th a t  he d id  n o t in ten d  th a t  t h is  data should  be in te r p r e te d  

as th e a c tu a l percentages o f  the variou s groups o f  b a c te r ia  found in  in s e c t s  

in  g e n e r a l.

A p o s s ib le  exp lan ation  o f  gram -negative organisms in  th e  g r y l lo b la t t id  

i s  to  be found in  th e  eco logy  o f  th e  in s e c t ,  s in c e  in  r e sp e c t  to h a b ita t  

i t  d i f f e r s  so w id e ly  from oth er in s e c t s .

Steinhaus (1941) rep orted  no gram -negative sh ort rods from any o f  the  

sp e c ie s  he s tu d ied  o f  the orders Odonata, Homopte r a , or IKmenoptera .

However from th e order Orthoptera (to  which G r y llo b la tta  oampodeiformis 

b elon gs) he i s o la t e d  gram -negative sh o rt rods from 4 s p e c ie s  o f  the ord er, 

nam ely, B la t t e l la  germanloa L ., Neombius fa s o ia tu s , v a r . fa s c ia tu s  DeG., 

Conocephalus fa s o ia t u s , v a r . fa s c ia tu s  DeG., and Diapheromera fen o ra ta , Say.

Of th e 60 s tr a in s  o f  b a c te r ia  in clu d ed  in  t h is  paper, IG (32 per cen t)  

were c o c c i o f  th e  genus M icrococcus,  16 (32 per cent) were gram -p ositive  

asporogenous rods o f  the genus Bacterium, and 18 (36 per c e n t)  were gram­

p o s it iv e  sporogenous rods o f  th e  genus B a c i l lu s .

The m orp h olog ica lly  d is t in c t  s e r ie s  o f  organisms found in  th is  

in v e s t ig a t io n  appear to  f a l l  n a tu r a lly  in to  a s e r ie s  o f  c lo s e ly  r e la te d
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groups• The members o f  th e se  groups may d if f e r  s l i g h t ly  from one another  

but they appear more c lo s e ly  r e la te d  both m orp h olog ica lly  and p h y s io lo g ic a lly  

to  each o th er than they do to  members o f  any o th er group. The various  

members o f  each group which d i f f e r  to  vary ing  degrees w ith  regard to  

morphology and p h y s io lo g ic a l r e a c tio n s  ere  probably s tr a in s  o f  the seme 

s p e c ie s .

Of the o o cc i th ere  appear to  be 11 groups o f  s t r a in s ,  a l l  o f  which 

belong to  the genus M icrocooous. S tr a in s  A6, AS, and A7 appear to be 

s l i g h t  v a r ia n ts  o f  M icrococcus ep id en a id is  (K lig le r )  Huoker. S tra in  A4 

appears to  be a v a r ia n t o f  Miorooooous su b flavu s Bumm, s tr a in  AlS a 

v a r ia n t o f  Microooocus freu d en re io h ii G u illeb ea u . None o f  th e  other  

s tr a in s  o f  th e  M ioroooooi cou ld  be c l a s s i f i e d  to s p e c ie s .

The 16 s tr a in s  o f  gram -p ositive  asporogenous rods appear to  f a l l  

in to  9 groups.  A ll o f  th e se  are p laced  in  th e  genus Bacterium sin o e  they  

did n o t correspond w ith  th e d e sc r ip tio n  o f  any other genus,  and they d id  

n ot s e r io u s ly  v io la t e  th e  g en eric  d e sc r ip tio n  c f  Bacterium , which i s  n o t,  

however, a sharp ly  d efin ed  group.

Of 18 s tr a in s  o f  th e  genus B a c illu s  th ere  appear to  be 8 groups o f  

s t r a in s .  S tr a in s  A33 and A54 sr e  members o f  the A erob ao illu s Group.

S tra in s  A55, B3f>, and AS? are members o f  the B a o illu s  adhaerens Group.

AS? i s  p o s s ib ly  a v a r ia n t o f  B a o illu s  pan is M igula. B38 belon gs to th e  

B a o illu s  e iro u la n s  Group and i s  p o ss ib ly  a v a r ia n t o f  B a c illu s  se r u s it id u s  

La C oste . 1339 belongs to  th e  M isce llan eou s Group. B40, B41, B42, B43, and

B44 are probably s tr a in s  o f  a s in g le  sp e c ie s  o f  the B a o illu s  s u b t i l l s  Group,

A45, A46, A47, B48, A49 and B60 are s tr a in s  o f  another s p e c ie s  o f  the
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!.Iacillus s u b t i l i s  Group.

S tr a in s  A l? , A l? , 319, 321, and A27 were very pleomorphic forn$  

which according to  some authors m ight bo d esign ated  as co o o o b n o illu s . In 

some o f  th e se  c u ltu r e s  th ere  appeared la r g e , pear-shaped organisms and 

r o d s , w h ile  In  other c u ltu r e s  th ere  appeared rods and c o c c i .  As the c u ltu r e s  

re ta in e d  t h is  c h a r a c te r is t ic  a f t e r  being  rep la te d  f iv e  tim es i t  was decided  

to  be pltiomerphism rathor than contam ination . D iese c u ltu r e s  were p laced  

in  th e  genus Bacterium s in c e  th ere  was a preponderance o f  d e f in it e  rods in  

a l l  in s ta n c e s .

Ifo s ig n if ic a n c e  can be a ttach ed  to  th e f a c t  th a t th e  f lo r a  o f  the two 

specim ens o f  in s e c t s  in d ic a te d  by 1A1 s tr a in s  and ' B' s t r a in s  o f  organisms 

d if f e r  ap p reciab ly  s in c e ,  as p rev io u sly  s ta te d ,  no attem pt was made to 

determ ine w hether the f lo r a  o f  the in s e c t  was c o n sta n t.

Regarding th e  d is tr ib u t io n  o f  th e  organism s in  th e  alim entary  t r a c t ,  

a la r g e  m ajority  o f  th e  c o c c i and n o n -sp o ru la tin g  rods were found in  the  

a n te r io r  p o r tio n  o f  th e  t r a c t ,  whereas a m ajority  o f  th e  ep oru la tin g  rods 

were found in  th e  p o s te r io r  p o r tio n .

Ihe 50 s tr a in s  r e fe r r e d  to  rep resen t a much sm aller number o f  s p e c ie s .  

The number o f  s p e c ie s ,  w ould, no doubt, vary w ith  th e in d iv id u a l making th e  

in te r p r e ta t io n  depending on how l ib e r a l  or co n serv a tiv e  he in terp re ted  the  

data p resen ted . Perhaps th e  most in t e r e s t in g  ob serva tion  made in  th is  

in v e s t ig a t io n  i s  th at so many d if fe r e n t  k inds o f  organisms can be is o la t e d  

from two in d iv id u a ls  o f  a s in g le  sp e c ie s  o f  in s e c t ,  so few  o f  which can be 

id e n t i f i e d  as p rev io u s ly  d escrib ed  s p e c ie s .  Other in v e s t ig a to r s  may w e ll  

take is s u e  o f  t h is  rep o rt th a t  50 s tr a in s  o f  organisms can be is o la t e d  from
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aiqr suoh so u rce , so few  o f  which can be d e f in i t e ly  c l a s s i f i e d  to  sp ec ie s  

in  Bergey* s Manual. The f i f t h  and l a t e s t  e d it io n  o f  Bergeyt B Manual 

co n ta in s d e sc r ip tio n s  o f  1335 sp e c ie s  w ith  a re feren ce  to th e  o r ig in a l  

p la c e  o f  p u b lic a tio n  o f  5 ,6 0 0  d e s c r ip t io n s . Probably no b a o ter io lo . 1 s t  

w i l l  q u estio n  th e  op in ion  th a t  th ere  are  very numerous sp e c ie s  o f  

undescribed  b a c te r ia . As has been p rev io u s ly  s ta te d  in v e s t ig a t io n  o f  the  

b a c te r ia l  f lo r a  o f  in s e c t s  are few , c l a s s i f i c a t io n  o f  organism s found even 

few er. The v ariou s s c a tte r e d  rep o rts  regard ing th e b a c te r ia l  f lo r a  o f  the  

a lim en tary  t r a c t s  o f  in s e c t s  e x h ib it  a d e f in i t e  lack  o f  attem pts to  

a ccu ra te ly  id e n t ify  th e organism s tu d ie d , w ith  th e ex cep tio n s o f  Steinhaus 

(1 9 4 0 ), ifhite (1 9 0 6 ), and very few  o th e r s .  E vidently  th e  sp e c ie s  found 

in c lu d e  many h ith e r to  undesoribed . D escribed  sp e c ie s  o f  b a c te r ia  is o la t e d  

from in s e c t s  are com paratively  few  in  Bergey1s Manual.

L i t t l e  i s  known o f  th e  food h a b its  o f  G r y llo b la tta  oam podeiform is. 

M ills  and Pepper (1937) s t a t e ,  "GryI lo b la t t id s  which were k ep t fo r  

o b serv a tio n  were fed  a d ie t  o f  f l i e s  and w h ite  bread. They a ls o  fed on 

decaying organ ic  m atter g leaned  from the moss or mulch in  which they were 

k ep t. The f l i e s  which they were fed  were k i l l e d  b efore  being  p laced  w ith  

them. L ive or even s l i g h t ly  moving f l i e s  e x c ite d  the g r y l lo b la t t id s  

g r e a t ly ,  and they oould n ot be induced to  take other than com pletely  

m o tio n le ss  p r e y .” I f  decaying organ ic m atter i s  a part o f  th e  d ie t  o f  the  

in s e c t ,  or i f  i t  contam inates th e ir  fo o d , one would exp ect a more varied  

b a c te r ia l  f lo r a  in  t h is  in s e c t  than in  phytophagous and ju ic e -su c k in g  

in s e c t s .

Ttie author does n o t in ten d  th a t  th is  paper s h a ll  be in te r p r e te d  as a
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com plete study o f  th e  b a c te r ia l  f lo r a  o f  G r y llo b la tta  oampodpiform !s . TO 

accom plish such a study a la r g er  number o f  specimens o f  th e  in s e c t  would 

have to  be examined. On th e  b a s is  o f  50 s tr a in s  o f  organism s from two 

specim ens o f  th e  in s e c t  one can r e a d ily  see  how the number o f  s tr a in s  o f  

organisms would in c r e a se  w ith  each a d d it io n a l specimen exam ined. This 

would in c r e a se  th e scope o f  th e  problem to  such an e x te n t  th a t  i t  would be 

a f u l l  tim e problem fo r  a g rea ter  period  o f  time than one norm ally spends 

acq u iring  a m asters d egree . An attem pt would a lso  have to  be made to  

ob ta in  a medium more s u ita b le  fo r  the growth requirem ents o f  many o f  the  

s tr a in s  which d ie  a f t e r  a few  weeks on d ex trose  agar though tr a n sfe r s  are  

freq u en tly  made.
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SUMMARY

1 . F i f ty  s tr a in s  o f  b a c te r ia  were is o la t e d  from th e  alim entary  

t r a c t  o f  th e  orthopteran  G r y llo b la tta  oampodeiformls campodelform !s 

W alker.

2 .  M orphological and p h y s io lo g ic a l s tu d ie s  were made o f  th e se  60 

s tr a in s  w ith  an attem pt to  id e n t i fy  each o f  them.

3 . Of the 50 s t r a in s ,  16 (32 per c e n t)  were g ra m -p o sitiv e  c o cc i o f  the  

genus M icrococcus, 16 (32 per cen t) were gram -p ositive  asporogenous rods o f  

th e genus Bacterium, and 18 (36 per c en t) were gram -p ositive  sporogenous ro d s .

!IVro o f  th e se  la t t e r  s tr a in s  were o f  th e  A erob ao illu s Group, th ree  o f  the B a c illu s  

adhaerens Group, one o f  the B a o lllu s  c iro u la n s  Group, one o f  th e  Mis c e lla n e o u s  

Group, and the rem aining 11 s tr a in s  com prised two sp e c ie s  o f  th e  B a c illu s  

s u b t i l i s  Group.

4 .  Other in te r p r e ta t io n s  may be made o f  the data in c lu d ed  in  th is  

paper r e s u lt in g  in  a somewhat d if fe r e n t  grouping o f  th e  organism s s tu d ied .

The p h y s io lo g ic a l c h a r a c te r is t ic s  upon which one would lay  most s tr e s s  i s  

an im portant fa c to r  in  determ ining w hether 2 varying s tr a in s  should  be 

grouped tog eth er  or n o t .  How much a s t r a in  may vary from a described  sp e c ie s  

and s t i l l  bo c l a s s i f i e d  as th a t  sp e c ie s  i s  a very  im portant fa c to r  a l s o .

5 .  W hile th e fin d in g  o f  p rev io u sly  undesoribed sp e c ie s  o f  b a c ter ia  

in  the in t e s t in a l  t r a c t s  o f  in s e c ts  i s  to  be a n t ic ip a te d , judging from 

previous in v e s t ig a t io n s ,  th e  number o f  such sp e c ie s  i s o la t e d  from  

G r y llo b la tta  oampod elform is was found to  be e s p e c ia l ly  h ig h .
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A - - - - - - - - - - - - - - - - - - - - - - - - - -  Aoid rea c tio n

13 -  A lk a lin e  rea c tio n

C - - - - - - - - - - - - - - - - - - - - - - - - -  -  Curd

G - . . . - - - - - - - - - - - - - - - - - - - - - -  Gas form ation

I - . - . - .  - - - - - - - - - - - - - - - - - - -  -  in e r t

- - - - - - - - - - - - - - - - - - - - - - - - - - -  n e g a tiv e

p o s i t iv e

p6p ----- -  -  -  ----- -  -  p ep to n iza tio n

R - - - - . - - - - - - - - - - - - - - - - - - - - -  Reduced

s i -------------------------  - - - - - - - - - - - - - -  --------  -  s l i g h t

V - - . - - - - - - - - - - - - - - - - - - - - - - -  v a r ia b le

data fo llo w in g  /  s i g n i f i e s  rea c tio n  in  
lower p ortion  o f  tube




