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MORPHO i s  a s e r i e s  of NMFS computer programs designed f o r  t h e  

c o l l e c t i o n  and m u l t i v a r i a t e  a n a l y s i s  of morphometric d i s t a n c e  c h a r a c t e r s .  

MORPHO c o n s i s t s  of t h r e e  FORTRAN programs: 

1 )  DIGITIZE - c o l l e c t s  X-Y c o o r d i n a t e  d a t a  from a remote computer 

dev i ce ,  e.g., a d i g i t i z i n g  pad, f o r  r e l e v a n t  morphological  f e a t u r e s  o r  

landmarks around t h e  o u t l i n e  of a specimen. 

2 )  MMCALC - c a l c u l a t e s  Euc l idean  (=morphometric) d i s t a n c e s  between any  

p a i r  of landmarks i n  any geome t r i c a l  p a t t e r n .  Output i s  2 untransformed 

d i s t a n c e  measurements. 

3 )  PCA/SHEAR - computes p r i n c i p a l  components from t h e  o v e r a l l  

va r iance-covar iance  m a t r i x  f o r  con t inuous  and d i s c r e t e  d a t a  and s h e a r s  

components I I - I V  t o  produce s ize - f  r e e  shape components [ a f t e r  Humphries et  

al .  1981. Sys t .  Zool . (3 ) ] .  Output i n c l u d e s  component s c o r e s  on I - I V  and  

shea r ed  s c o r e s  on 1 1 - I V .  R e s u l t s  a r e  viewed on B.M.D. p l o t s  and 

h i s  tograms. 



DIGITIZE 

This  program e n t e r s  X-Y c o o r d i n a t e  da t a  from a remote d i g i t i z i n g  pad 

t o  a  Burroughs d a t a  f i l e .  Landmarks a r e  p r edes igna t ed  and d i g i t i z e d  i n  t h e  

same o r d e r  on each  specimen. The program i s  set up t o  d i g i t i z e  one group 

o r  popu l a t i on  of specimens a t  a time. This  program o p e r a t e s  w i t h  a DigiPad 

5  by GTCO Company and w i t h  a Lear  S i e g l e r  ADM5 te rmina l .  Two changes must 

be  made i n  t h e  program t o  accomodate o t h e r  pads o r  t e r m i n a l s  ( s e e  program). 

A d i g i t i z i n g  s e s s i o n  is  s t a r t e d  a t  a  t e r m i n a l  w i th  t h e  command "RUN 

DIGITIZE". The u s e r  i s  f i r s t  prompted on t h e  t e rmina l  s c r e e n  t o  e n t e r  t h e  

ou tpu t  f i l e  name and popu l a t i on - spec i f i c  in format ion .  For each  specimen 

t hen ,  t h e  u s e r  e n t e r s  specimen-specif ic  i n fo rma t ion ,  such as weight  and 

g e n e r a l  comments. I f  specimens a r e  d i g i t i z e d  from a photograph, a 

r e f e r e n c e  s c a l e  must be i nc luded  i n  t h e  photograph and d i g i t i z e d  w i t h  t h e  

specimen. Miss ing landmarks are recorded  by p r e s s i n g  and ho ld ing  down t h e  

"9" key ( i . e . ,  MISS = 999.99). The prompt "Are d a t a  OK?" p rov ide s  t h e  u s e r  

w i t h  t h e  oppo r tun i t y  t o  r e p e a t  a p a r t i c u l a r  i n t e r a c t i v e  procedure .  

Depress ing t h e  s t y l u s  on t h e  pad i s  t h e  equ iva l en t  t o  a "yes" response.  

Va r i ab l e s  t h a t  are e n t e r e d  i n t e r a c t i v e l y  are: 

f i l e  name 8A6 

group code A 1  

popu l a t i on  name A4 

popu l a t i on  number I 2  

specimen ( f i s h )  number I 3  

number of landmarks t o  

be d i g i t i z e d  on each 

specimen I 2  



s t a t e  of t h e  specimen 

FRSH = f r e s h  

FROZ = f r o z e n  

PICK = c h e m i c a l l y  p r e s e r v e d  

FOTO = photograph  

e y e  d i a m e t e r  e n t e r e d  a s  I 2  b u t  

we igh t  

changed t o  F2.2 

F6.2 

comments ( c o l o r ,  s m e l l ,  e t c . )  A6 

s e x  ( o p t i o n a l )  A1 

V a r i a b l e s  i n  o u t p u t  f i l e :  

Group code,  p o p u l a t i o n  name, p o p u l a t i o n  number, specimen number, s t a t e  
of t h e  specimen, s c a l e  ( i f  SCALE = FOTO, t h e n  SCALE # I ) ,  s e x ,  w e i g h t ,  
comment, e y e  d i a m e t e r ,  X-Y c o o r d i n a t e  p a i r s .  

FORMAT (A1,2X,A4,2X,13,2X,I3,2X,A4,F10.4,2X,Al,F10.3, 
2X,A6,F7.3,/,1X,16F7.3,/,1X,16F7.3,/, ...) 



MMCALC 

This  program c a l c u l a t e s  t h e  Euc l idean  d i s t a n c e  between p a i r s  of X-Y 

c o o r d i n a t e  p o i n t s .  Th is  program i s  run by a  WFL f i l e :  

START/MMCALC : J O B  

?BEGIN J O B  MMCALC; 
RUN OBJECT/MMCALC; 
FILE 1 = INPUT/DIGITIZED/DATA; 
FILE 2 = INPUT/RUN/INFORMATION; 
FILE 3 = OUTPUT/MM DISTANCES; 
?END J O B ;  

The u s e r  p rov ides  f i l e  names f o r  two i n p u t  f i l e s  and one ou tpu t  f i l e .  

FILE 1 i s  t h e  d i g i t i z e d  da t a  from DIGITIZE (same v a r i a b l e s  i n  t h e  same 

fo rma t )  ; 

FILE 2 i s :  

L ine  1 - Number of specimens I 3  

Number of landmarks d i g i t i z e d  pe r  specimen I 3  

Number of d i s t a n c e  v a r i a b l e s  t o  be c a l c u l a t e d  (NMAX) I 3  

L ine  2  - Landmark p a i r  {Il* 212 

L ine  3  - Landmark p a i r  /I2 212 

L ine  NMAX + I  

*e.g., f o r  an e n t r y  of 0102, t h e  d i s t a n c e  between landmark 1 and 

landmark 2  i s  c a l c u l a t e d ;  

FILE 3 i s  t h e  ou tpu t  f i l e  w i t h  t h e  fo l l owing  v a r i a b l e s :  

group, popu l a t i on  name, popu l a t i on  number, s ex ,  specimen number, 

s t a t e ,  s c a l e ,  we igh t ,  comment, eye d iamete r ,  and NMAX d i s t a n c e  

v a r i a b l e s  (A1,2X,A4,2X,I3,2X,A1,2X,I3,2X,A4,F10.4,FlO.3,2X,A6,F7.3,/, 

(NMAX)*F8.4). Miss ing d i s t a n c e  va lue s  = 999.99. 



This program c a l c u l a t e s  p r i n c i p a l  components (PC) from a 

var iance-covariance matrix.  Opt i o n a l l y ,  s ize- f  r e e  "shape " components a r e  

c a l c u l a t e d  from t h e  da t a ,  i .e . ,  t h e  PC sco re s  a r e  a d j u s t e d  o r  sheared  a f t e r  

t he  a lgo r i t hm of Humphries et a l .  1981. 

Given NVAR (number of v a r i a b l e s )  morphometric measures on NFISH 

specimens o r  c a s e s ,  t h e  main program uses  t he  t o t a l  var iance-covariance 

ma t r ix  t o  c o n s t r u c t  s i x  PC f a c t o r s  t h a t  r ep re sen t  m u l t i v a r i a t e  l i n e a r  

r e l a t i o n s h i p s  among the  observed v a r i a b l e s .  It i s  assumed t h a t  t he  da t a  

set i s  subdivided and s o r t e d  by group. [Refer t o  Morrison (1976) and Green 

(1976) f o r  d e t a i l s  of p r i n c i p a l  component a n a l y s i s . ]  

OUTPUT - t o  p r i n t e r :  

1 )  var iance-covariance mat r ix ,  i n  p a r t .  

2 )  means and s t anda rd  dev ia t i ons  f o r  each v a r i a b l e  by group. 

3 )  f i r s t  s i x  e igenvec to r s  and e igenvalues .  

4 )  component c o r r e l a t i o n  ma t r ix ,  i.e. , c o r r e l a t i o n  of ith v a r i a b l e  

w i t h  j th component. 

5 )  component s co re s  on f i r s t  f o u r  e igenvec to r s  f o r  each case.  

6 )  o p t i o n a l l y ,  c a l c u l a t e s  t h e  cond i t i on  f a c t o r  index--(lo0 x 

weight ) / length3.  

SHEAR Subrout ine  

Although most of t h e  o v e r a l l  s i z e  va r i ance  may be accounted f o r  i n  PC 

I ,  subsequent p r i n c i p a l  components may be p a r t i a l l y  c o r r e l a t e d  w i t h  s i z e  

( i . e . ,  t h e  f i r s t  PC). An o p t i o n a l  SHEAR a n a l y s i s  may be executed on PC 11, 

111, and I V .  Presumably, the  shea r  a n a l y s i s  e l imina t e s  s i z e  (=PC I )  



P CAI s HEAR 

i n f l u e n c e s  on each  of t h e s e  components producing s i z e - f r e e  shape  

components. I n  t h i s  a n a l y s i s ,  v a r i a b l e s  a r e  a d j u s t e d  by t h e i r  mean va lue  

per  group, e.g., t h e  average  head l e n g t h  HL i n  Group 1 i s  s u b t r a c t e d  from 

each HL o b s e r v a t i o n  i n  Group 1, t h e  average  HL va lue  i n  Group 2 i s  

s u b t r a c t e d  from e a c h  HL o b s e r v a t i o n  i n  Group 2, and s o  on, t o  produce 

mean-corrected obse rva t i ons  ( s e e  Green 1976, p.15). The f i r s t  component i n  

a PC a n a l y s i s  of t h e  var iance-covar iance  m a t r i x  of t h e  mean-corrected da t a  

r e p r e s e n t s  a within-group s i z e  f a c t o r  S and is  a b e t t e r  estimate of 

within-group s i z e  than ,  say ,  f o r k  l e n g t h  (Humphries et a l .  1981).  The 

f a c t o r  S i s  t hen  used i n  a s e r i e s  of c a l c u l a t i o n s  t o  complete t h e  SHEAR 

a n a l y s i s .  

OUTPUT from SHEAR Subrout ine  - t o  p r i n t e r  

1. e igens  t r u c t u r e  of mean-adjusted data s e t .  

2. component s co re s  on f i r s t  f o u r  e i genvec to r s  f o r  each case .  

(N.B. PC I = within-group s i z e  f a c t o r  S.) 

3. mean and s t a n d a r d  d e v i a t i o n  va lue s  by group f o r  i n i t i a l  PC sco re s .  

4.  c o r r e l a t i o n s  of s i z e  S w i t h  mean-adjusted PC 11, 111, and I V .  

5. shea r ed  component s co re s  f o r  PC I1 - I V  and t h e i r  a s s o c i a t e d  

shea r ed  e igenvec to r s .  

OUTPUT from PCA/SHEAK (when SANAL=Y) - t o  d i s k  

1. ca se  i d e n t i f y i n g  i n fo rma t ion  (e.g., POPN0,FISH NO.). 

2. misce l laneous  d a t a  - WEIGHT, EYE DIAMETER, e t c .  

3. s c o r e s  on PC I - I V .  

4. s c o r e s  on sheared  PC I1 - I V .  



PCA/ SHEAR 

Procedure f o r  a  PCA/SHEAR run: 

1. Crea te  FILE 1 conta in ing  run informat ion ,  e.g., PCA/START/ - . 
2. Check FILE 2, t h e  raw da ta  f i l e :  i s  i t  s o r t e d  by a  group c r i t e r i o n ?  

3 .  S e l e c t  a  name f o r  FILE 3 i n  which r e s u l t s  w i l l  be s t o r e d ,  e.g. ,  

PCA/RE SULTS / - . 
4. I n s e r t  f i l e s  names 1 ,  2, and 3 i n t o  r e s p e c t i v e  loca t ions  i n  t he  

WFL f i l e  EXAMINE/PCA/RESULTS f i l e .  

5. Make o t h e r  necessary changes i n  t he  EXAMINE/RESULTS f i l e ,  e.g., 

number of ca ses ,  group names, and so  on. Remember t h a t  ou tput  

FILE 3 from PCA/SHEAR i s  t h e  inpu t  FILE 3 f o r  EXAMINE/RESULTS. 

6. Execute t h e  e n t i r e  procedure by "START EXAMINE/RESULTS". 

Programming Notes : 

1. The a r r a y  dimensions a r e  now s e t  f o r  20 groups, 40 v a r i a b l e s ,  and 

800 cases .  

2. Dimension f o r  VCV, c a l c u l a t e d  a s  [NVAR*(NVAR+1)]/2, i s  set a t  820 

( f o r  40 v a r i a b l e s ) .  

3 .  Missing va lues  a r e  r e s e t  t o  -0.0 f o r  t h e  Burroughs B6800. 

4. The u s e r  can e n t e r  any s e t  of d i s t a n c e  v a r i a b l e s  i n  a  t o t a l  da t a  

s e t  by means of t h e  format s ta tement .  

5 .  Weight (WT) and f o r k  l e n g t h  va lues  a r e  needed t o  c a l c u l a t e  

cond i t i on  f a c t o r  index. Therefore,  t h e  READ s ta tement  must be 

changed t o  i nc lude  t h e  v a r i a b l e  WT. Assuming f o r k  l e n g t h  va lues  

a r e  i n  t h e  raw da ta  f i l e ,  t h e  u s e r  must i d e n t i f y  t h e  p o s i t i o n  of 

t h i s  v a r i a b l e  i n  t he  da t a ,  e.g. ,  i f  f o r k  l e n g t h  i s  t h e  t e n t h  

d i s t a n c e  v a r i a b l e  f o r  each specimen, NFL=010 (see  below). 



PCA/ SHEAR 

FILE 1 -- 
F i r s t  c a r d :  

c o l  1-4 I 4  No. of c a s e s  NFISH 

c o l  5-6 I 2  T o t a l  no. of  v a r i a b l e s  NVAR 

c o l  7-8 I 2  No. of groups  NGRP 

Next "NGRP" c a r d s  : 

c o l  1-3 I 3  No. of c a s e s  i n  Group 1 NINGRP(1) 

c o l  4-7 A4 Group 1 name GRPNAM( 1 ) 

Next c a r d :  

c o l  1-3 I 3  No. of c a s e s  i n  Group 2  NINGRP(2) 

c o l  4-7 A4 Group 2  name GRPNAM (2 ) 

Card NGRP + 2  : 

c o l  1 A1 SHEAR a n a l y s i s  of PC 11-IV? 
E n t e r  "Y" o r  " N "  SANAL 

Next card:  
c o l  1 A1 C a l c u l a t e  cond i  t i o n  i n d e x ?  

E n t e r  "Y" o r  "N". NEWVAR 

c o l  2-4 I 3  E n t e r  v a r i a b l e  s u b s c r i p t  
of f o r k  l e n g t h  f o r  
NEWVAR c a l c u l a t i o n  NFL 

Next c a r d :  

c o l  1-6 F6.2 m i s s i n g  d a t a  code MISS 



Next card: c o l  1 I 1  t ransformat  ion  code 
f o r  input  da t a  ITRAN 
where 0 = none 

7 = a r c s i n  ( x )  expressed i n  degrees,  
where x i s  between 0-1 

8 = a r c s i n e  ( x/100) expressed i n  
degrees, where x is  a % between 0 
and 100 

Las t  card : c o l  1-80 (13A6,A2) format of input  d a t a  i n  
F i l e  2; enclosed i n  
parentheses FMT 

FILE 2 - data  f i l e :  t h r e e  i d e n t i f y i n g  va r i ab le s  p lus  the  raw data ;  s o r t e d  

by group. For each specimen, give values f o r  t h r e e  i d e n t i f y i n g  

v a r i a b l e s  , such a s  drainage bas i n  number, r i v e r  s ys tern number, 

and specimen number, followed by the  raw data .  

OUTPUT FILE 

FILE 3 - output  f i l e  wi th  specimen i d e n t i f y i n g  information,  s eve ra l  

met r ic  measurements, PC sco res ,  and op t iona l ly ,  CF values,  and 

sheared PC values.  



The WFL file EXAMINE/PCA/RESULTS executes PCA/SHEAR- and two BMD routines. 
These subroutines produce scattergrams and histograms of PC and SPC values 
for specimens analyzed in PCAISHEAR. In order to make additional plots and 
histograms, lines 5100-5400 may be deleted once FILE 3 (PCA~RESULTS) is 
created. In the example below the data were categorized and presorted into 
two groups (as coded in the second variable GRPNO). 

1 0 0  
2 C O  
3 0 G 
4 0 0  
s c c  
60C 
E 5 C  
7 00  
eao 
5 0 0 

1 0 0 0  
l l C C  

Subrout ine  
- -Sca t t e rp lo t  

?BEEIN J J E  E x I k I N E ;  
CLASJ=ZO; 
S C B R G U I I N E  P L C l i  
B E G I K  
PFLh B M O / P 6 9 i  

F I L E  F I L E ? <  1 3 1 L E = F C X  / R E S U L T 5 / t b b S P f i .  
FILEIY F E = 7 r K I K D = C I S K ) ;  

FILE F I L E ~ C K I ~ C = R E ~ D E R ~ T I T L E = I C C F ~ F I L E T Y P E = ~ ) ;  
FILE FILE6iKIkC=PFINTER~TTTLE=fCLP~MLXRECSIZE=ZZ~; 

? O # 1 C  I G C 3 i  
/ E H D F 6 0  
/ P & C P L E H  T I T L E  i S I S F E  A4 ANALY ' I S  F E f t t T S - - P L O T S * .  
/ I N F & T  &NIT = 3. 

V A K I A M E  : 11. 
C A S E S  = 1 0 5 .  --No. of specimens 
F C i i r A l  = # C F l  . O ~ f 2 . O r F 5 . 0 ~ 5 F 1 0 ~ 5 / ' 1 F I r ) , 5 1 * .  

/ Y a F i A B L E  RACE?; APE T E l .  G R P f i F r  FCP:Cr --3 I D  v a r i a b l e s  
S .PClr?CErFC3rPC4rSPCZrSPC3,SPC4r 

HISSING = l l + - 0 . 9 .  
L A E E L S  AFE FSNG, --Variable 12 i s  t h e  grouping v a r i a b l e ,  wi th  
G 3 C U P i N t  I S  S f i ? Y C .  va lues  of 15 and 16 and names 

/ G E E & ?  C 3 D E S f 2 1 = 1 S * l j .  GROUP 1 and GROUP 2 
I iAPES :2 I = G R C C  1, t R a U F 2 .  

/FLCI YVAR=PCZrSFCZ.  --These a r e  t h e  pair-wise p l o t s  
X V A P = P C l s F C I .  -- 

s ] A I I I T I C S .  S 3 Z E = 1 0 0 . 5 0 .  
G b E L F $ = l r S  - --Data from groups 1 and 2 a r e  p l o t t e d  

/ EN0 
? Et iDi  
S C P S C U I Z N E  H l S T C i  ~ u b r o u t k e  
3 E G i L  --Histogram 
? F L K  BRZ/P?D;  

F I L E  F i L E 3 C  lTTLE=PCA /RESVLTS/G P f i I P t i r  
KIHC=D I h R * F I L E T  YFE=7)i  

f 1 1 ~  F I L E S <  k I h C = P E P C E R r T I T L E = I C Z f i r F I L E  l Y P E = ? J i  
F I L E  F I L E 5 C  X I K D = P R I I  T E R P T I  TLE=fClP*~bIRECSIZE=ZZl; 

? O A I A  ICCPJ 
/ C R C F 7 O  
/ F f i C a L E H  T I T i E  = ' H I 5 T C G 9 A ) r S  C F  Z H E A R E C  PCS'.  
/ I h F L T  E N i T  = 3. 

V A R l A G L E S = l I  
CASES=IOS- --No. of specimens 
FCaHAT=*  (F1.O.  F 2 . 0 r F S . O * 5 F l O  . 5 / 3 F l O . S ) * .  

/ Y I S I A S L E  N A N E 5  ABE I D l r  G??t iCr  F Z N 2 r  --3 I D  v a r i a b l e s  

HISSING = I l * - 9 .  0 .  --Data a r e  grouped by t h e  second I D  
GRCUPING 1 5  GRFVC. v a r i a b l e  GRPNO; a specimen is from 

/Gf iCLP  CCOESCZI  = 1 5 r  16- e i t h e r  group 15 o r  16 
h A Y E S C 2 1  = GZOUPl ,  GFgLP2.  

/ H I , S I 3 t F A H  V A E I 6 9 L E  = F C 2 r  S?CZ. 
Gl iCLFING = GPPMO. 

/ € H E  ~- - 

? E N C i  
RLN C % J E C T / P C L / S H E A E I  

F i l e s  - 
F I L E  l = F C A / S : A S T l t A F S P R ;  --Start-up informat ion 
F I L E  L = C D N Y E ~ ~ / L ~ ~ T A / G P ~ S P R / I ~ ~ F A ~ ; T ;  --Raw inpu t  d a t a  f i l e  
FILE 3 = F C l / R E I L L T S / G A F S ? ' ; i  --PCA r e s u l t s  ( see  l i n e s  600 and 3100) 
2 LC T i  
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