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SYNOPSIS OF BASIC LABORATORY ACTIV IT IES

C l a s s i f y  i m a g i n a r y  l i v i n g  o r g a n i s m s  u s i n g  a  d i c h o t o m o u s  ( 2 - f o r k e d )  k e y .

A r r a n g e  i m a g i n a r y  1 i v ' i n g  o r q a n i s m s  a n d  t h e i r  f o s s i l  a n c e s t o r s  i n  a  p h y l o g e n e t i c  " t r e e "
t h a t  r e f l e c t s  e v o l u t i o n a r y  r e l a t i o n s h i p s .

n  Observe  represen ta t i ve  o rgan isms f rom the  f i ve  k ingdoms 'ma jo r  phy la  and  become
f a m ' i l  i a r y  w i t h  t h e i r  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s .

f J  E x t r a c t  l i v i n g  o r g a n i s m s  f r o m  s o i l  a n d  o b s e r v e  t h e  s t r u c t u r a l  d i v e r s i t y .  S e t  t h i s
i n v e s t i g a t i o n  u p  b e f o r e  b e g i n n i n g  o t h e r s  ( S e e  H .  F i g .  3 - 3 ) .

T e x t  R e f e r e n c e :  C h a p t e r  3  W o r k  i n  p a i r s  o r  i n d i v i d u a l l y .

INTRODUCTION
O n e  o f  t h e  m o s t  s t r i k i n g  a s p e c t s  o f  l i f e  i s  i t s  e x t r e m e  d i v e r s i t y .  E v e r y w h e r e
s e e  a  b e w i l d e r i n g  a m a y  o f  d i f f e r e n t  o r g a n i s m s ,  y e t  t h e  f o s s i l  r e c o r d  i n d i c a t e s
m a t e l y  9 9 %  o f  a l l  o r g a n i s m s  t h a t  h a v e  e v e r  e x i s t e d  a r e  n o w  e x t i n c t .  E v e n  S o ,
b e l i e v e  t h e r e  a r e  s o m e  l 0  m i l l i o n  s p e c i e s  o f  o r g a n i s m s  a l i v e  t o d a y .  0 f  t h e s e ,
es t imate  on ' l y  abou t  l 5% have  been  desc r ibed

To make  sense  ou t  o f  th i s  bew i lde r ing  a r ray ,  humans  a t tempt  to  ca tegor i ze  a l l  t he  o rgan isms
i n t o  m e a n i n g f u l  g r o u p s  b a s e d  o n  e v o l u t i o n a r y  r e l a t i o n s h i p s - - i n  o t h e r  w o r d s ,  k ' i n s h i p s .

T a x o n o m y  i s  a  f i e l d  o f  s t u d y  i n  b i o l o g y  t h a t  a t t e m p t s  c l a s s i f y i n g  a l l  l i v i n g  t h i n g s  i n t o
g roups  and  subgroups  based  on  these  na tu ra l  re la t ionsh ips .  The  resu l t  then ,  i s  a  sys tem
t h a t  i s  r c e f u 1  , ' i n  p a r t  b e c a u s e  i t  r e f l e c t s  t h e  e v o l u t i o n  o f  o r g a n i s m s ,  a n d  i n  p a r t  

- b e c a u s e

i t  r e d u c e s  t h e  m i l l i o n s  o f  k i n d s  o f  1 i v ' i n g  o r g a n i s m s  i n t o  a  l e s s e r  n u m b e r  o f  g r o u p s  w i t h
w h i c h  w e  c a n  d e a l ,  a n d  f i n a l 1 y ,  b e c a u s e  i t  p r o v i d e s  u s  w i t h  a  s y s t e m  o f  n a m i n g  o r g a n i s m s .
The  taxonomic  g roups  a re  a r ranged  h ie ra rch ica ' l 1y  (g roups  w i th in  g roups)  and  a re  named f rom
l a r g e s t  t a x o n  t o  s m a l l e s t .

Ki  ngdom
P h y l u m  o r  D i v i s i o n

C l  a s s
0rder

F a m i  1 y
Genus

S p e c  i  e s

tr
tr

we I ook we
tha t  approx i -

b i o l o g i s t s
they

3
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(Art gasy way to remember these group t i i les is by
and  Doc to rs  Canno t  Of ten  Fa i l  Good  S tuden ts " . )

I f . you .were  to  q la9s . l f y  peop le  in  the  wor ld  on  the  bas is  o f  where  they  l i ve ,  Vou  wou ld  p ro -
bab ly  ! .g i l  by .d iv id ing  the  wor ld  popu la t ion  in to  g roups ,  based  on  Co i ' t i nen ts .  Con t inen ts
wou ld  be  the  b igges t  l umps  q ld  then  you  wou ld  con t inue ' to  fu r the r  subd iv ide  to  coun t r ies ,s t a t e s ,  c o u n t i e s ,  e t c . ,  u n t i l  y o u  r e a c h e d  a n  i n d i v i d u a l ' s  s p e c i f i c  a d d r e s s .

We do  the  same th ing . in  b io ' l ogy  w i th  o rgan isms when  we c lass i f y  them in  a  h ie ra rch ica l  sys tembased on natura l  re lat ionships or  more prec ise ly  how much DNA ihey huuu in  common instead
of  what  land they have in  common.  For  instance- ,  consider  the fo l iowing.

a  m n e m o n i c  d e v i c e  s u c h  a s , ' K i n d l y  p r o f e s s o r s

K ingdom -  An ima l  i a
Supernhyl  um -  Ver tebrata
Phyl  um -  Chordata
C l a s s  -  M a m m a l i a
0rder  -  Pr imata
F a m i l y  -  H o m i n i d a e
Genus - Homo
S p e c i e s  -  s a p i e n s
Speci f  ic  o@m' ,  Homo sapiens

Note  tha t  each  leve l  i n  the  h je ra rch ies  j s  con ta ined  w i th in  and  i s  pa r i l y  de te rm ined  by  a l ' l
l eve ls  above  i t .  To  the  jn fo rmed geographer ,  the  name Pac i f i c  Grove  au tbmat i ca ' l 1y  conveys
a l l  t he  h ie ra rch ies  above  because  t f rey  have  been  lea rned .  In  the  same wdy ,  to  an  in fo rmed
b io log ' i s t  the  t9 rm,  Pr imata ,  conveys  ce r ta in  in fo rmat ion  and  the  h ie ra rch ica f  ca tegor ies
above  because  they  have  been  lea rn -ed .  I t  i s  a l so  poss ib le  to  iden t i f y  and  c lass i i ! -unknown
organ isms by  descend ing  the  h ie ra rch ia l  ca tegor ies  in  the  fo rm o f  a  b io log ica i -pey l

Cont inent  -  Nor th Amer ica
Country  -  Uni ted States
Sta te  -  Ca l  i f o rn ia
County - Monterey
C i ty  -  Pac i f i c  Grove
St ree t  -  L igh thouse  Avenue
Number -  176
Spec i f i c  address  -  176  L igh thouse  Avenue

INVESTIGATIONS
I f  y o u  w e r e  g i v e n  a  m i x e d
p e a c h e s ,  I  i m e s ,  b a n a n a s ,
q u i c k l y  i n t o  p i l e s  b a s e d
L a b o r a t o r y  1 .

b a g  g f  d i v e r s e  f r u i t s  ( p a r t s  o f  l i v i n g  o r g a n i s m s )  s u c h  a s ' l e m o n s ,
g rape f ru i t ,  and .nec ta r ines ,  you  cou ld  p rob ib ly  o rgan ize  them very
on  s t ruc tu ra l  s im i la r i t i es  and  d i f fe rences  even  i i  you  had  no t  dbne

AToday  you  a re  be ing  p resen ted  w i th  a  m ixed  gagg le  o f  o rgan isms in  the  my th ica l  phy ' l um,
N a w g a ,  t o  f u r t h e r  c l a s s i f y  b a s e d  o n  s t r u c t u i a l - s i m i l a r i i i e s  a n d  d i f f e r e n c e s .  y o u - w i l i
! ' ' o . t  b9  g iven .an  oppgr tun i t y  to  sme l l ,  hear ,  fee l  ,  o r  tas te  nawgas  o r  to  observe  the i r
behav io r  o r  i n te rna l  ana tomy.  I f  you_were ,  you l  task  wou ld  be"s imp le r  than  w i th  on ly
v isua l  c lues  because  some nawgas  sme l l  ve ry  

-bad1y ,  
wh i le  o thers  have  a  nox ious  tas te ,

and  o f  course  they  do  no t  a l  I  exh ib i  t  i den t i ca l  
-behav io rs .

You  cou ld  be  even  more  su re  o f  your  nawga c lass i f i ca t ion  i f  you  cou ld  do  compara t i ve
chemis t ry  on  mo lecu les  such  as  ce r ta in  [ ro te ins .

Modern  taxonomis ts  have  many  a ids  to  so r t i ng  and  c lass ' i f y ing  o rgan jsms- -compute rs  a re
another .  You have only  your  eyes and a d ichotomous key.  "Two ihoice"  keys to the
i d e n t i f i c a t i o n  o f  o r g a n i s m s  w i t h  t h e i r  e i t h e r / o r ,  y e s / n o  d e c i s i o n s  l e n d  t " h e m s e l v e s  t o
computer  programs.  I f  you have access to a computer ,  yoU may want  to  develop a program
f rom the  key  be low tha t  wou ld  speed  up  the  c lass i r i c i t i on  o f  your  l5  nawgas .

O. I f  . l o t ,  beg in  by  cu t t i ng  your  page  o f  I  j v ing  nawgas  apar t - - keep ing  the i r  numbers  and
bodies associated.  Then take each one-and-Fol low the opt ions pre iented in  the Nawga
Kg.y .  P roceed .down. the  key  to  the  numbers  ind ica ted  and  con t inue  mak ing  cho ices  un i i t
a l l  c h o i c e s  e r 1 d .  . ( y o u  m a y  b e g i n  t o  s e e . n a t u r a l  r e l a t i o n s h i p s  t h a t  w i l i  o f f e r  s h o r t
c u t s - - i f  n o t ,  g o  i t  o n e  s t e p  a t  a  t i m e . )

O Record  the  number  and  genus  and  spec ies  name fo r  each  nawga on  the  answer  shee t .  ( i+ i ;
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KEY TO THE GENUS AND SPECIES OF NAWGAS OF THE SOUTH PACIFIC

L iv ing  nawgas  were  recen t l y  d i scovered  on  an  i s land  in  the  Sou th  Pac i f i c  by  Dr .  John  Smi th ,
a  pa leob io log is t  who  was  excava t ing  foss i l  nawgas .

Nawgas are character ized by:

A  f l ex ib le ,  one-p iece  ca rapace  made
the head

of  ch i t in  and po ' lymers of  esters that  extends over

Two external  nares (nostr i ls )  penetrat ing the carapace

Three  pa i rs  o f  j o in ted  legs

These  charac te r i s t i cs  taken  toge ther  d i f fe ren t ia te  nawgas  f rom a l l  o the r  o rgan isms and  p )ace
them in the i r  own separate phylum, Nawga.  The phylum name was chosen becauie these st range
crea tu res  mo l t  tw ice  a  year  p roduc ing  pe l t s  o f  nawgahyde .  Because  the  pe l t s  become ava i l -
ab le  by  mo l t s  ins tead  o f  by  k i l l i ng  the  o rgan isms, they  a re  ex t reme ly  va iuab le  to  humans .
Nawgas  range  l -1 .5  mete rs  in  leng th .

lT |  a .  The  o rgan ism has  we l l -deve loped  eyes ,  no  ta i l ;  t he  second  pa i r  o f  l egs  i s  rud imen-
tary-----go to l?_l .

b .

a .

b .

a .

E

The o rgan ism i s  w i thou t  eyes ,  usua l l y  a  ta i l  t ha t  may  be  segmented  and  has  f l a t -
tened  leg  segments ,  mos t  o f ten  the  f i r s t  2  pa i rs - - - -go  to  E l - .

The antennae are at  least  30 cent imeters long;  the setae are rest r ic ted to the
head  and  ta i l  reg ions - - - - -go  to  E l  .

The  an tennae  a re  reduced  to  no  more  than  20  cen t imete rs ;  the  th i rd  pa i r  o f  l egs
have 4 segments-- - - -go to El  .

The  an tennae  a re  s ' l i gh t l y  b i fu rca ted  a t  d i s ta l  ends ;  no  per fo ra t ions  near  marg ins
o f  ca rapace- - - - -Genus ,  Fa top te r i s

O n e  s p e c i e s ,  n o h o l e n s i s

b . The antennae are deeply  b i  furcated--Genus,
Two spec ies :

cu rves  an tennae ,  cu r la

Forbantens i  s

s t r a i  g h t  a n t e n n a e ,  s t r a ' i g h t a

[ 4 |  a .  A n t e n n a e  h a v e  p r o b o s c i s  l i k e  p r o j e c t i o n s - - - - - G e n u s ,  E l e p h a n t i a s i s
O n e  s p e c i e s ,  g r a s s h o p p e r i
T w o  s u b s p e c i e s

b . E y e s  l a c k  s t r i a t i o n s ,  s e t a e  c o n t i n u o u s  a l o n g  c a r a p a c e  m a r g i n - - - - - G e n u s ,  B l a n k i
Two spec ies :

la rger  nawga,  b rushes
s m a l l e r  n a w g a ,  p e t i t i

An tennae  w i th  d is ta l ,  se tae  tu f t s ,  ta i l  l onger  than  30  cen t imete rs ,  o r  i f  shor te r ,
segmented-- - - -go to El  .

An tennae  taper ing  to  po in ts ;  se tae  res t r i c ted  to  ta i l  reg ion - - - - -go  to  E l  .

T a i l  l o n g  a n d  u n s e g m e n t e d ;  b l a c k  c o l o r a t i o n  s o l i d  a n d  i n  b a n d s - - - - - G e n u s ,  B a n d u s
Two spec ies :

s t ra i  gh t  ta ' i l  and  an tennae ,  pac i  f  i  ca
curved  ta i l  and  an tennae ,  fa t tus

E longa ted  snou t ,  reduced  segments  in  legs ;  segmented
Two spec ies :

ta i l  i n  2  segments ,  ca rapace  marg in
ta i l  i n  3  segments ,  ca rapace  marg in

Three sub-spec ' ies

E a .

b .

a .

t a i  I  - - - - - G e n u s ,  S l  u g g i

unno tched ,  s l  ugg i
notched, segrneffi

t 9
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t r  a .  Tai l  absent ,  nares very reduced-- - - -Genus,  Nonosi
One  spec ies ,  Smi th i

b .  Ta i l  t h i ckened  and  p rominen t - - - - -Genus ,  Th ickus
O n e  s p e c i e s ,  s l i c k u s

Genus  names  a re  cap i ta l i zed  and  under l i ned  o r  i t a l i c i ' zed .
c a p i t a l i z e d  b u t  a r e  a l s o  u n d e r l i n e d  o r  i t a l i c i z e d .

Species names are usual  ly  not

BO Now cu t  apar t  your  foss i l  nawgas
and try to construcT-l lylogenetic
t ree  ( the  poss ib le  evo lu t ionary
h ' is tory of  your  organi  sms )  .  You
w i l l  n e e d  3  p i e c e s  o f  8  1 / 2  x  l l "
paper taped together at the I l  "
m a r g ' i n s .  T h i s  l l  x  2 5  1 / 2 "  r e c -
tang' le  can now accommodate a l l  your
nawgas ,  pas t  and  p resen t ,  i f  you
pos i t i on  the  l i v ing  nawgas  down
the  long  r igh t  marg in  a t  r i gh t
a n g l e s  t o  t h a t  m a r g i n .  F i g .  3 - l

O The foss i l  nawgas were found in
d i f fe ren t  l eve ls  o f  rock  f rom d i f -
ferent  geologica l  per iods.  Know-
i n g  t h e  p e r i o d  w i l l  a i d  j n  c o n -
s t ruc t ing  your  evo lu t ionary  t ree - -
bu t  your  bes t  i n fo rmat ion  w i l l
s t i l l  be  s t ruc tu ra l .  Re fe r  to  the
geo log ica l  t ime  sca le  in  your  tex t .

O l , lhen you have your evolut ionary
t ree  f i na l l y  a r ranged ,  pas te  the
nawgas in  p.1ace and draw connect ing
l i n e s  t o  i n d i c a t e  t h e  r e l a t i o n -
sh ips .  In  a  sense  wha t  you  a re
do ing  i s  mak ing  a  fami l y  t ree - -w i th
a l  1  t h e  1  i  v i n g  f i  r s t  c o u s i n s ,  e t c .  ,
and  the i r  poss ib le  paren ts ,  g rand-
parents,  great-grandparents,  e tc .

In  your  nawga t ree ,  however ,  you  a re  no t  dea l ing  w i th  one  spec ies  bu t  a  who le  phy lum,
and you are not  deal ing wi th severa l  hundred years but  epochs of  t ime.

CO Displ lygd in  the laboratory are representat ives of  real  organisms arranged by k ingdom
and phylum. You should become fami l iar  wi th  the character is t ics that  Oi t ter ln t ia ie  the
5 k ingdoms and the major  phyla.  Refer  to  your  text .  see Fig.  3-2.

O 0n the basis  of  what  you now know, in  what  k ingdom would you p lace the phylum, Nawga?(tz)

O Present  day.nawgas d i f fer  f rom thei r  ancestors and each other .  In  other  word l  nawgas
have changed (evolved)  over  t ime.  Is  i t  chance that  nawgas in  d i f ferent  envi rbnments,
l i v ing  d i f fe ren t  l i f e  s ty les  have  d i f fe rences?  Some nawgas  l i ve  deep  in  caves
emerg ing .  0 thers  a re  noc tu rna l ,  j ung le  dwe l le rs .  Ind ica te  on  your  answer  shee t  wh ich
you  th ink  a re  n igh t  dwe l le rs  and  wh ich  a re  cave  dwe l le rs .  Be  su re  to  under l i ne  the
b inomia l  (genus  and  spec ies )  and  no t  to  cap i ta l i ze  the  spec ies .  ( *S1  (The  ra re  case
9 f  qap ! ta l . i z ing  Smi th i  occumed to  honor  the  d iscovere r  o f  a  new phy lum,  no t  because  i t
i s  de r i ved  f rom a  p roper  name.  Nonos i  Smi th i  was  the  f i r s t  l i v ing  nawga found . )

O Cou ld  you  p1ed ]c t  wh ich  spec ies  have  unp leasan t  odors  and  wha t ,  i f  any ,  the  f0nc t ion
migh t  be?  ( *+1

O Could you of fer  an explanat ion for  some having a noxious taste and ind icate what
species they might  be? (#5)

F igure  3 -1 .  Cons t ruc t  the  evo lu t ion -
ary h is tory of  the nawgas in  a phylo-
gene t i c  t ree .  Organ isms on  the  r igh t
margin of  the paper  are contemporary
nawgas .  The  o thers  a re  the i r  anc ien t
ances to rs .

20



FIVE KINGDOM CLASSIFICATION SYSTEM

PHYLA AND DIVISIONSKINGDOMS

Aninal- l ike

,Parazoa
/ R"di"t"

I
tProtesto'r"+

\0"*""or.o*"1

Animalia

Monera r ffliilH::'u'I  Prochlorophyta

Fwrgal- f ike -f

Pr" is ' ia(

Argar - r i ke {

t--

Plantae

f

Fungi

Myxomycophyta
Acrasionycota

Mastigophora
Sarcodina
Sporozoa
Ci l ia ta

Euglenophyta
Crysophyta

Pyrrophyta

Phaeophyta
Rhodophyta
Chlorophyta
Bryophyta
Tracheophyta

Oomycota
Zygomycota
Ascomycota
Basidionycota

Porifera

Coelenterata

Platyhelminthes
Aschelminthes
Mol  lusca
Annel ida
Arthropoda

Echinodermata
Hemichordata
Chordata

F igu re  3 -2

bacter ia
blue-greens (formerly algae)

true sline nolds
cel lu lar  s l ine rnolds

f lagel  lates
pseudopodials
sporulations
c i  l ia tes

yel low green algae
golden brown algae
diatons
Dinof lage l  la tes

brown algae
red algae
green algae
mosses,  l iverwor ts
Ps i  lops ida
Lycopsida
Sphenopsida
Pteropsida
Spernopsida

water  molds
conjugation fungi
sac fungi
club fungi

sPonges

hyd ra ,  j e l l y f i shes

sea anenomes
coral

f latworns
roundworrns
c lams ,  sna i l s ,  squ ids
segmented worms
arthropods

star f ishes,  sea urch ins
acorn worms
chordates,  ver tebrates

DO Before leav ing the laboratory observe the "cr i t ters"  ext racted f rom moist  so i l ,  damp
leaves ,  and  o ther  du f f  w i th  a  s te reoscop ic  m ic roscope .  P lace  the  o rgan isms in  a .  d i sh
wi th a whi te background for  v iewing.  Try a b lack background a lso.  Cou' ld  you p lace
some of  the organisms in  the correct  k ingdoms or  phyla? Note the d ivers i ty .
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The method for  ext ract ing soi l
specimens is  to  dr ive them wi th
the  hea t  o f  a  l i gh t  bu lb  ou t
through the bot tom of  a large
funnel  in to a smal l  beaker .

After two hours there
a Iarge assor tment  of
in  the beaker  in  the
meter  range.  I f  not ,
funnel  severa l  t imes.

shoul  d be
organ i  sms

l - 3  m i l l i -
shake  the

Figure 3-3.  Method for  ext ract ing
organ isms f rom the  so i l .  Cover  t f i e
beaker  w i th  fo i l  secured  w i th  a  rubber
band .  Push  funne l  th rough  fo i l .

OBJECTIVES
Upon comp le t ion  o f  th i s  l abora to ry ,  you  shou ld :

!  Be  ab le  to  use  a  s imp le  d icho tomous  key  to  c lass i f y  a  g roup  o f  o rgan isms.

f l  Unders tand  the  cons t ruc t ion  o f  a  phy logene t i c  t ree  re f lec t ing  poss ib le  evo lu t ionary
hi  s tor i  es .

f l  L i s t  t h e  f i v e  k i n g d o m s  a n d  t h e i r  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s .

f ]  ge  fami l i a r  w i th  the  ma jo r  phy ra  in  the  f i ve  k ingdoms.

l - l  Know the def in i t ions of  words new to you in  the exerc ise.

I  Be  impressed  by  the  number  and  d ive rs i t y  o f  o rgan isms in  a  sma l l  amount  o f  so i l .

t h i s  a  nawga?
I f  no t  wha t  phy lum?
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Name

Secti on

Date LABORATORY REPORT

#l
l .

2 .

3 .

4 .

5 .

6 .

7 .

i l .

1 2 .

8 .

9 .

. | 3 .

1 4 .

1 5 .1 0 .

#2

#3
CAVE DWELLERS I{IGHT DI.IELLERS

#4 Indicate by numbers only

Poss ib le  func t ion

#5 Indicate by number only

Poss ib le  func t ion

TURN IN YOUR PHYLOGENETIC TREE WITH THIS ANSI^IER SHEET. BE SURE YOUR NAME IS ON ALL PAPERS.

THE KINGDOMS AND MAJOR PHYLA SHOULD BE STUDIED WHENEVER TIME IS AVAILABLE FOR THE NEXT
SEVERAL WEEKS.
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Nawga Phylogeny and Cladistics

Some helpful hints on characters to use in your analysis... these are not all that you may
wish to use, but they will get you thinking and observing the morphological features of
the nawgas in ways that are useful for developing a cladogram. Some of these characters
will be pleisiomorphic (primitive), some apomolphic (unique derived) , some
synapomorphic (shared derived), and some will be a apomorphic or synapomorphic
depending on the location in your cladogram. You may not need to use all of these
particular characters to construct your cladogram.

. presence/absence of eye spots
o presence/absenceofeyes
. presence/absence of eye striations
. presence/absence of carapace
. presence/absence ofjointed appendages
o presence/absence of well-developed tail
o presence/absence of segmented tail
. two-segmented tail/three-segmented tail
. presence/absence of notches in carapace
o presence/absence of perforations in carapace
. two perforations in carapace/three perforations in carapace
o presence/absences of coloration
o presence/absence of banding
. normal 2"d pain of legs/reduced 2"d pair of legs
o blunt antennae/sharp-tipped antennae
o presence/absence of setae tufts on antennae
o longerantennae/shorterantennae
o presence/absence of bifurcations on antennae
o presence/absence of tail
. presence of carapace perforations/loss of carapace perforations
o normal 3'd pair of legs/enlarged 3'd pair of legs
o  o the rs . . . . . .
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Nawga Phylogeny and Cladistrcs

Some helpful hints on characters to use in your analysis... these are not all that you may

wish to uie, but they will get you thinking and observing the morphological features of

the nawgas in ways that are useful for developing a cladogram. Some of these characters

will be pleisiomorphic (primitive), some apomorphic (unique derived), some

synapomorphic (shared derived), ffid some will be an apomorphic or synapomorphic

Oepenaing on the location in your cladogram. You may not need to use all of these

particular characters to construct your cladogram.

. presence/absence of eye spots
o presence/absence of eyes
o presence/absence of eye striations
o presence/absence of carapace
o presence/absence ofjointed appendages
o presence/absence of well-developed tail
o presence/absence of segmented tail
. two-segmented taiVthree-segmented tail
o presence/absence of notches in carapace
. presence/absence of perforations in carapace
o two perforations in carapace/three perforations in carapace
o presence/absences of coloration
o presence/absence of banding
. normal 2"d pail: of legs/reduced 2"d pair of legs
. blunt antennae/sharp-tipped antennae
o presence/absence of setae tufts on antennae
o longerantennae/shorterantennae
o presence/absence of bifurcations on antennae
o presence/absence of tail
. presence of carapace perforations/loss of carapace perforations
o normal 3'd pair of legs/enlarged 3'd pair of legs
.  o thers . . . . . .


