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ABSTRACT 

McGhee, Lesley, and C. J .  Mildish, 2983. HP-97 computer programs for use 
in benthic ecological research. Can. !4S Rep. Fish. Aquat. Sci. 1742: 
i v  + 27 p .  

Nine programs for use in ecological research, particularly in benthic 
ecology, are presented. Each prograin i s  recorded on a magnetic card 
compatible with the HP-97 and i s  available from the UsersQiibrary. Four 
new programs bave been written and full documentation for each i s  recorded 
in this report. In addition, two mdifjcations of existing programs (ATP 
analysis and growth) and an aide rnemoire for production caicu'lations are 
presented. 

Key words: Microcomputer programs, benthic ecal ogy -- 

McGhee, Lesley, and D. J .  Wildish. 1983. HP-97 cmputer programs for use 
in benthic ecological research. Can. MS Rep. Fish. Aquat. Sci. 1742: 
i v  c 27 p. 

Le pr6sent rapport contient neuf programs pouvant Gtre utilis6s dans 
des recberches 6cologiqucs, en particulier en gcologie benthique, Ghaque 
programme est enregistr6 sur une carte mgngtique convenant 1 l krdinateur 
tip-97 e t  q u k n  p u t  se procurer Q l a  magn6tothPque des ut i l isatwrs.  
Quatre nouveaux programes ont 6t& rEdig6s e t  nous donnons Ic?' l a  
documentation cornplPte pour chacun de ces programs. Nous pr6senLons cts 
plus deux mdifications apportges 1 des programs existants (analyse ATP e t  
croissance) et  un aide-memire pour des calculs de production. 



INTRODUCTION 

The need t o  analyze f ~ e l d  col lected data, expe.rn?ental r e s u l t s ,  or 
chern~cal/phys?cal w a s u r e m n t s  freqliently rnvolves the use of compl~cated or 
t e d ~ o u s  rnathemat~cal computations icliich arc prone t o  e r rors  khen performed 
by hand.  The desk- top  calcul atop. ma.iufactured by Mewlett-Packard ihP-97  o r  
12-67)  ~ r o v i  des an econornmcal means ?f avo1 01 ng tedr ousness and improving 
t h e  accuracy of andiyt icai  cornputatlons, 

The NP-97 has a p r l n t e r  which provides hard copy on pressure sens i t ive  
paper and a program reader capable of s t o r ~ n g  a computer program prerecorded 
on a magne"cc card by making the appropriate s e r i e s  of key strokes on the 
ca lcu la tor .  The magnetjc card programs can readily be copied by the HP-97. 
In addi  t l o n ,  hewiett-Packard rbns a Users ' L i b r a r y  of contributed programs. 

I t  i s  the purpose here t o  l i s t  the programs avai i ab le  from the Users" 
Library ~ri-lcii are  o f  potent ial  use i n  aquat ic ,  pa r t i cu la r ly  benthic, 
ecological research,  and t o  F u l l y  document programs wri t ten iry us for  t b i s  
purpose. The number preceding every program l i s t e d  i s  the order number and 
by reference t o  i t  the program can be obtairied from: Users Yiibrat-y,  
Wewlett-Packat-d Co., Dept. 39VL, 1000 NE Circle  Blvd., Corvai i is ,  OR 97330, 
U.S .A .  

PROGRPI.1 LISTINS 

97-02019-0 Growth eauation f i t t e d  hv i t e r a t ~ v e  l e a s t  souares method, 

F i t s  the equation y = a/(i+exp(-k*ikxO))) 

where x = time 
y = s i z e  

A maximum of 20 x,y data points i s  permitted; f inds the value of a, k and xO. 

91-02745-8 Ar;lomatr:c se lec t ion  of best carve f i t .  

Data can be t rea ted  i n  one of two ways: 

I .  Select ion OF one ( o f  four )  types of curve f i t t i n g  and print ing out  
of the coef f ic ien t  of deterniination; 

2 .  S e l e c t ~ o n  of a11 four types of curve f r t t l n g  ( i ~ n e a r ,  exponent~li ' i ,  
logar1 t h m ~ c  and power curve) and p n n t i n g  out of the c o e f f r c ~ e n t  of 
d e t e r m ~ n a t ~ o r i  f o r  each; curve se lec t?on  r s   the^ by magn~tude o f  the 
value of the cor re ia t lon  coef f ic ren t  which i s  ranked f o r  each 
f i t t i n g  5y t h r  s program. 

97-02752-4 An ecological model. 

This program so7 ves tile d i  f f e r e ~ t i a l  eqiiation: 

y = population of the predators 
x = population of the prey 

a ,  b, c ,  p = pos i t ive  constants 

97-03539-2 Population density estimate. 

The population considered i s  assiiwd t o  be randomly dispersed. A 
l i n e a r  t ransec t  through the snidsr of the animals' range i s  made with the 
observer recording dis tance t o  each animal seen. Population density as 
ndmberiunit area + standard e r r o r  i s  calculated a f t e r  i n p u t  of a c o ~ s t a n l  
which i s  charac teFis t i c  f o r  the  species concerned and accounts f o r  species 
differences i n  v i s i b i l i t y .  



97-03796-0 Maryalef rnforrnation theory d ivers i ty  index. -- -- 

97-03809-1 Estimate of associat ion f o r  species  d i s t r ibu t ions .  

97-03936-2 Bril l o u ~ n  k ddiversrty index jhriiax, H m i n ,  Y j .  

E q u l t a b i I i Q  ( V )  i s  based on the r a t i o  of H t o  Hmax and Ymin. 

91-04393-5 Population growth. 

Given a constant growth r a t e ,  rh i s  growth model can solve for  any one 
of four  variables  ( i n ' r t i a l  s i z e ,  f ~ n a l  s i z e ,  doubling tiwe, time t o  f ina l  
s i z e )  given the other  three. 

97-04694-6 Comoarative d ivers i tv  indices .  

The following a re  included: Shannon", B r i l i o u i n k ,  Simpsonis, Pfelou 's  
modification of Simpson's and dclntosh k ddi versi ty  indices, An evenness 
index based on the Shannon formula i s  a l so  (IIVER. 

NEW PROLRMS 

PROBUCTION BY COHORT SUMMATION OF LOSSES K T H O D  

This program ca lcu la tes  average standing crop, B, production, P, and 
turnover r a t i o ,  P:B, from a temporal s e r i e s  of samples and from wh~ch 
d i s c r e t e  cohorts can readily be recognimiui-nut data are the dens i t i es ,  
N ,  and average weights, w, of an i n d i v i a u a t  The following calculat ions are  
made fo r  eacn time In te rva l ,  except the f i r s t :  

where t 1s the mximum survivorship time and G i s  the man instan"raeous 
r e l a t i v e  growth o f  an individual ,  and integrated growth for  a given tSm 
in te rva l  i s  given by 

Running t o t a l s  of B, P and P:B a r e  s tored and printed a f t e r  every paair of 
e n t r i e s .  After  the l a s t  entry,  F i s  corrected by: 

Pcohort = P x C P I  

where GPT = ?2/suruivorship time in mnths  and the cohort turnover r a t i o  
determined as Fcohort:B. 

Annual production depends on the number of cohorts p r e s e n u u r i n g  a 
year  and hence on information n o t u s e d  in t h i s  program which pertains  to  a 
s i n g l e ,  named cohort.  

Samol e orobl em 

Data f o r  t h i s  e~ampie  were taken from Wildish and Peer E1981), This 
reference a l s o  describes the computations needed For appl icat ion of the 
cohort method t o  m r i n e  amphipods. 

G~ven  the  date ,  densi ty ,  and w a n  weight per animal, F i n d  the standing 
crop, production per sample and the  sample P:B. From these ca lcu la te  the 
co ta l  production, t o t a l  standing crop, cohort production i n t e r v a l ,  annual 
production, w a n  biomass and the  overall  P:B r a t i o .  



Mean weight 
Sampling Densi8y per animal 

date  no. /m (nisi 

Flay I971 
June 
J u l y  
August 
September 
October 
November 
December 
January 1972 
February 
March 
Apri 1 
14 ay 
if une 

input Function Display 

Return t o  (1) un t i l  a1 J data are  entered. 

S t a r t  program 
Enter date ( 5 t h  month 1971) 
Enter density 
Enter w a n  weight 
1 s t  standing crop 

Enter new date  
Enter new density 
Enter new mean weight 
Standing crop for  the sample 
Production f o r  the sample 
P : B 

Any negative nuirlber k i i i  work 
Total standing crop 
Total production 
Cohort production interval  
Annual production 
Mean biornass 
P:B 



............................................................... 
I 
I INSTRUGTICKS I INPUT I FUNCTIONS / DISPLAY 
1_-___1__-_--_--__------~I-I-II--IEEEEEEEEEEEE-j-j-j-jj--jj--- t 
/ I  /LOAD THE PRCGRAM I I I I PRINTED / 
I i i i /--------------I 8 

12 /STPBT 'IRE FRCGRAT; I 1 ! A !  I 
/ 3 [EATER DATE 1 DATE I I R I S  I DATE I 

I 4  !ENTER F I R S T  DENSITY I NO i 1 R / S  I NO i I 

15 :ENTER F I R S T  MEAiii I I i I I 
/ !WEIGHT TO GET I ! I I I 
I ISAMPLE B I O N M S ( B )  1 Wo I 1 R / S  1 WO i 
I I I ! I i B I 
16 !ENTER NEXT DATE / MDATE R/S / MDATE I 
I I I I I I I 
17 !ENTER NEXT DENSITY I N 1  I I R / S  I M1 I 
18 /ENTER NEXT WEIGHT I M 1  r 

I I R / S  1 MI ! 
I I I I ! 9 I 

[REIZ'RN TO 6 UNTIL I 
I iALL THE DATA A2E 1 
j !ENTERED r I 

l 1 0  IEEiTER ANY NEGATIVE j 
I !EJU%ER TO GET THE I 
/ /TOTAL S T M E I N 2  1 
i :CROP (TSC)  AND THE I 
i p R o n u e T z o w ( T p )  I 
I i I 
1 11 [ENTER THE TI-ME I 
j IPERIOD I 
/ leg. NUMBER OF MONTflS/ 
I I T 0  GET TIiE CCWORT 1 
I jPRODUCTION INTERVAL, I 
I j ANNUAL PRODUCTION, I 
I IAVER&E BIOM-;irSS, AND! 
; :OVERALL P:B i 
I I 
I I I 
I I i 

I 1 I 
(______- -___- -__ I__- - - - -  1 - 
IAN ERROR I N  INPUT CAN 
!ONLY BE CHANGED RIGHT I 
IAFTEI? THE ERROR I S  1 
(PRIMPED, BEFORE TIfE I 
[IJEXT NUmEP, IS ENTERED I 

I I I 

NUN I I R/S TSC 
I I i TP 

I I 1 
TIHE j I R/S i C P I  

! I I Pannual 

I I I I I I 
[TO CHANGE DENSITY 1 1 l o  i DATE j 
I I N I I a / s  I N I 

!-----------------------i---------;-----[------!--------------! 
I T 0  CHANGE TIiE DATE I I c  1 I 
? i NDATE I I R / S  I EIDATE I 
I-----------------------/-------" ,-----I------[--------------: 
ITHE WEIGHT i I 1 I I 

ICAMEJOT BE CHARGED I I I 1 I 

I-----------------------i---------[-----l------:--------------/ 
!TO RESTART THE PRCX;RAN I I 1 I I 
[Alan CLEAR ALL REEISTEASI 1 I A  I I .............................................................. 



PROGRAM LISTING 

0 0 1  *LBLA 
0 0 2  CLRG 
0 0 3  1 
0 0 4  S T 0 0  
0 0 5  DSPO 
3 0 6  R / S  
0 0 7  FRTX 
0 0 8  S T 0 5  
009 DSP5 
0 1  0 "LBLc 
0 2 1  R/S  
0 1 2  STOB 
0 2 3  FRTX 
01 i! *LBLe 
0 1 5  R/S 
016 STOB 
017 PRTX 
018 x 
053 S T 0 4  
0 2 0  PRTX 
0 2 1  *LBLa 
0 2 2  R / S  

LBLA-LBLG I N I T I A L I Z E  REGISTERS 

SET UP A COUNT OF SAMPLES 

ENTER A!!D PRINT THE F I R S T  DBTE. 

STORE IT IN REGISTER 5 .  

ENTER THE FIRST DENSITY (Ho? AND 
STORE I T  LN REGISTER A. 

ENTER THE F I R S T  MEAN ldEIENT (Wo) AND 
STORE I T  IN R E I S T E R  B. 

No x Mo = STANDING CROP { B o )  

0 2 3  SPC 
0 2 4  X<D? CHECK TO SEE I F  THE INPUT I S  COMPLETE 
0 2 5  GTOB j k  NEGATIVE NUMBER EgTERED HERE WILL 
0 2 6  S T 6 5  STOP THE PRERAM) ENTER THE NEl4  DATE. 
on os~s 
0 2 8  PRTX 
029 DSP5 
0 3 0  1 
031 S T 4  KEEP A RUNNING TOTAL OF THE EIUMBER OF 
0 5 2  * L B L ~  SAMPLES IN R E I S T E R  0. 
0 3 3  R / S  ENTER A NEW DENSITY (Wl ) . 
0 3 4  S T 0 2  
0 3 5  PRTX 
036 SLBLE: 
0 3 7  R / S  EWTER TZIE NEX MEAN WEIGIiT ( i J l ) .  
038 S T 0 3  
0 3 9  PRTX 
0 4 0  x Nf x W1 = B1 
0 4 1  PRTX 
0 4 2  S T c 4  ADD THE NEW STMDINC CROP TO TOTAL 
0 4 3  RCLA 
044 RCL2 
0115 c 
0 4 6  2 ( N o + N 1 ) / 2  x (Wo-WI)=PRODUCTION 
017(SORRY NO SYMBOL FOR DIVIDE I S  AVAILABLE) 
0 4 8  R C i 3  
0 4 9  RCLB No-FIRST CENSITY Wo=FIRST E k l J  UEIGNT 
050 - FI1 :NEXT DEMSITY U1-WEXT mIEAN WEIGET 
0 5 1  x 
0 5 2  PRTX 



053 STc7 
05"iRGiri 
955?DIVIDE 
0 5 6  PRTX 
0 5 1  RCL2 
0 5 8  STOA 
0 5 9  RCL3 
0 6 5  STOH 
051 GTOa 
06 2 "LBLB 
0 6 3  SPC 
0 6 4  RCL4 
0 6 5  PBTX 
0 6 6  RCL7 
0 6 1  PRTX 
0 6 8  1 
0 6 9  2 
0 7 0  EBT 
0 7 1  R / S  
072?DIVIDE 
0 7 3  PRY% 
0 7 4  RCLT 
0 1 5  x 
0 7 6  PRTX 
077 RCL4 
078 RCLO 
07 9?ISIVIDE 
(380 F3TX 
081 ?DIVIDE 
082 PRTX 
0 8 3  RTN 
084 'LBLD 
0 8 5  DSPO 
0 8 6  SPC 
0 8 7  RCL5 
088 PRTX 
0 8 9  DSP5 
0 9 0  RCLO 
0 9 1  1 
092 X=Y? 
0 9 3  GTOe 
ogir GTOd 
095 'LBLC 
0% spe 
0 9 7  1 
098 ST-O 
0 9 9  RCLO 
100 0 
1 0 1  X=U? 
1 0 2  GTOA 
1 0 3  GTOa 
104 RTM 

KEEP k RUNf4IFJG TOTAL OF THE PRODUCTION 

PRODUCTION/CURREWT T O T a  BIOMASS=SAHPLE P:B 

SWITCH W'I TO Wo 
AND Nl TO No 

RETURN FOR NEd INPUT 
LBLB-LBLD FOR PRLNTmG FINAL VALUES 

PRINT TOTAL STMDINE CROP (BIOMASS) 

PRINT TOTAL PRODUCTION 

I2/E?UWER OF MONTHS=COHORT PROWCTIOM 
INTERVRL ( G P I )  

TOTAL PRODU0TIONxCPI:ANNUAL PRODUCTION ( P a n n u a i )  

CORRECT THE DENSITY VALUE 

SPECIAL CONDITIONS FOR THE F I R S T  SAf4PLE 

CORRECTmG TIiE F I R S T  SAMPLE 



PRODUCTION BY SIZE-FREQUENCY METHOD 

This prograrr; ca lcu la tes  average standing crop, B, production, P, and 
turnover radio, P : B ,  from a s ing le  ranked s e r i e s  of samples taken over a 
period of time and For which d i sc re te  cohorts cannot be recognized. Input 
data are  the  chosen number of s f r e  groups, i ,  the density. F ? . ,  and 
W,, the w a n  weight i n  the j th  s i z e  group. R u n n i n g  t o t a l s  oS P, B and 
P:B a r e  pr inted and the f ina l  P and P:B value corrected by an inputted 
cohort production interval  ( C P I 1 .  

Calculat ions made are: 

The f ina l  P value i s  corrected as follows: 

Pannual = P x CPI 

where G P i  = I"isiirvivorship time in months and the annual turnover r a t i o  
f olind by 

Because s i z e  c l a s s ,  i ,  i s  the l a s t  containing a density value 
Mi+i = 0, W i + l  must be estimated in order t o  ca lcu la te  

Samol e arobl em 

The data f o r  t h i s  example were taken from Mildish and Peer (1982). The 
t o t a l  standing crop, to ta l  production, annual production and P:B r a t i o  from 
the  density and w a n  biomass of each s i z e  group are given below: 

Density 
Mean biomass 

(mg 1 

Use 0 as the l a s t  density and 54 as the l a s t  biomass. The number o f  losses  
i s  8. 



8 

Input Function Display Lomments 

A PRINTED -- S t a r t  program 
8 R /S Enter number of losses 

45 R /S Enter f i r s t  density j 
1.25 a /s Enter f i r s t  man weigh%-illj.l I 

L Sample number 
45 Ns- "  
1-25 id -1 

56.25 S$anding crop for  t h e  sample 

Enter next density ((Nj) 
Enter next biomass (Wj 'l 

-285.5 Production for  sample 
2 Sample number 
51.8 

3 
Ni 
W .  

185.4 d a n d i  ng crop 

4eCuro t o  (I) u n t i l  a l l  data are  entered. 

1639,975 Total standing crop 
7463.7 Total production 

i 5 R /S Enter number of rnonths 
0.8 Production interval  

5970.96 Annual production 
3.6409 Pannual:8 r a t i o  

I f  the density or biomass are  entered incor rec t ly ,  they can be changed: 

1 n p u t  Function Display Coments 

Enter an incorrect  c k n s i ~ y  
Enter a correct  biomass 
Production f o r  previous 

sample i incor rec t l  

Sample number ( c o r r 2 c t i  
Nj j i ncorrect 1 
W .  ( c o r r e c t )  
~ { a n d i  ng crop ( incorrect  1 

To change density 
Enter cor rec t  density 
Previous sample number 
Production ( c o r r e c t  

Sample number ( c o r r e c t )  
M j  ( c o r r e c t )  
M.  ( c o r r e c t  j 
d a n d i  ng crop ( c o r r e c t  

Enter a correct  &nsi ty 
Enter an incorrect  biomass 
Production f o r  prevFous 

sample i incor rec t )  

Sample number [cor rec t  
Nj ( c o r r e c t )  
M i ncorrect  l 
~ { a n d i  ng crop ( incorrect  1 

To change biomass 
Enter correct  biomass 
Previous sample number 
Production ( c o r r e c t  

Sample number i c o r r e c l l  
Nj Icor rec t )  
W -  ( c o r r e c t )  
Standi ng crop (cor rec t  





PRWRAM LISTING 

OOVLBLA 
002 OLRG 
003 R/S 
004 DSP5 
005 ST08 
005 R/S 
007 STOZ 
008 R/S 
009 ST04 
01 0 'LBLa 
01 1 SPC 
012 DSPO 
013 I 
01h ST+I 
015 ReLa 
016 RCLO 
017 X>B? 
018 GTOB 
019 RCLO 
020 PRTX 
023 DSP5 
022 RCL2 
023 PRTX 
624 ROi.4 
025 PRTX 
0 x 
on ~srx 
028 ST4 
028 RIS 
030 STOC 
035 XCL2 
032 STDd 
'331 RCL4 
034 STOB 
035 XCLC 
036 ST02 
031 Ris 
038 ST04 
039 scLa 
040 RCL4 
041 + 
042 2 
04??DLVI?IE 
0144 RCLA 
045 RPL2 
086 - 
047 x 
008 RCL8 
049 x 
050 PRTX 
051 ST+9 
052 GTOa 
0 53 'LBLB 
054 DSPS 
055 BCL5 
0% PRTX 
057 BCL9 
058 PRTX 
059 1 
060 2 
065 R/S 
06 Z?DIVIDE 
06 3 PRTX 
0611 RCL9 
065 x 
566 PRTX 

INITIALZZATION SECTION LBLA -LBLa 
CLEAR REGISTERS 
STOP FOR INPUT OF THE 14 OF LOSSES 
SET TO 5 DECIMAL PLACES 
STORE fl. OF LOSSES IN HEISTER 8 
STOP FOR FIRST j;lEISITY iMJ-1 )  
STORE I34 RKISTER 2 
STOP FOR FIRST MEAN RIOMRSS (Uj-1) 
STORE IN REGISTER 4 

KEE? A COUNT OF THE, SAMPLES IN INEZLSTER fJ 

TIiE PRCGRkH IS FINISHED WHEN THE NUPiBER 
OF SETS OF DENSITIES IS ONE MORE TH.M 
THE WUmER OF LOSSES, 

PRINT TNE DENSITIES ( N j - 2 )  AND THE ME& 
BIQl4ASSES (Wj-71, 

Mj-1 x Wj-1 = STRJCING CROP ( S  6 )  

KEEP A RUNkiING TOTAL OF THE S G 
EEiTER TWE NEXT DEUSITU [Nj) 

CHANGE NJ TO NJ-2" BY SWITCZIIEIG 
REGISTERS. 

STOP FOR "uij 

isj-7 + Wj)/2 x (Nj-1 - Nj) x d OF LOSSES 
=PRODUCTION FOR TEE SBMPL-LE 

KEEP A RUNNING TOTAL OF THE PROWCTIOM. 
START &An. 

PRINT STMDING CROP TOT& (TSG). 

PRIHT PR00i"CTION TOTPL {TP) . 

DIVIDE THE I W E A  OF MOHWS W A YEAR BY 
THE SbNPLIHG TIHE TO GET TME PRODUCTION 
mTERV& ( ( P i ) .  

tmLTIPLJf P I  BY TliE TP TO GET THE &WWIWI 
PRODUGTIOI (PA),  



067 RCL5 
O58?DIVIDE 
069 PRTX 
W O  Rrn 
07 1 "LBLC 
072 4 
013 STOE 
07 U T O e  
07 5 'LBLR 
076 2 
317 STOE 
07 8 *LBLe 
079 RCL2 
080 RCL4 
087 x 
002 ST-5 
083 r?cra 
084 1 
085 X-Y? 
086 GTOd 
081 I1629 
088 RCL4 
089 -4 

690 2 
091 ?DIVIDE 
092 BCLb 
093 RCLZ 
094 - 
095 x 
0% RCL8 
047 x 
098 ST-9 
099 EL8L.d 
103 4 
101 RCLE 
I02 X=P? 
403 GTOb 
104 R/S 
105 ST02 
206 GTOE 
i 07 *LBLb 
108 R/S 
109 ST04 
1 7 0 "LBLE 
111 1 
112 ST-0 
513 DSPO 
114 0 
115 RGLO 
I56 X=Y? 
117 GTOa 
118 SPC 
119 PRTX 
220 DSP5 
121 BCLB 
122 RCL4 
523 + 
1211 2 
125?i)IVIDE 
125 RCLA 
127 R C L ~  
128 - 
129 x 
130 RCL8 
133 x 
132 ST+9 
133 PRTX 
134 GTOh 
135 RTB 

DIVIDE Pannual BY THE TOTAL STANDING CROP TO 
GET THE P:B RATIO. 

LAST SECTION FOR CORRECTWE ANY ERRORS IN THE 
LAST INPUT. 

REGISTER E IS USED AS A FLAG TO TELL MMERE THE 
DENSITY (LBLD-2) OR TNE BIOMASS (LBLC-4) IS 
TO BE CIlkNGED, 

FIND TYE INCORRECT STLVDING CROP WHICH VAS 
ADDED TO THE TOTbL I8 REG 5 AND SUBTRACTS IT, 

IF IT IS THE FIRST SAMPLE THAT IS BEING 
CORRECTED, SUBTRACTING THE PRODUCTION IS NOT 
NECESSARY SINCE TOT&-R9 IS STUL ZERO ( THE 
FIRST PRODUCTION IS NOT CALCULATED UNTIL 
a j m~ wj ARE ENTERED. J 

SUBTRACT THE PRODUCTION WORKED OUT FIIW 
THE WRONG VALUES F"RG"ti TIiE TOTALRE. 

WE FLAG IN REISTER E TO FIND OUT 
WEETHER IT IS TEE BIOMASS IREISTER 4) OR 
THE DENSITY (REISTER 2) THAT IS TO BE 
CHANCED 

SUBTRACT 1 FROM TIIE SAHPLE NUBER COUNT. 

CHECK TO SEE IF IT IS THE FIRST SmPLE 
WHICH HAS BEEN CHANGED, IF SO, mERE I3 NO 
NEED TO CKaPIGE THE PRODUCTION TOTAL, 
PRINT PREiiIOUS SMPLE MmZR. 

CALCULATE THE CORRECT PRODUCTIOM FOR THE 
PREVIOUS SAMPLE, ADD IT TO TNE TOTAL (IN 
REGISTER 9 )  ARC PRINT IT. 



SPECIFIC Gii i?VIH,  RATIOW AND CONVERSION EFFICIENCY FOR INDIVIDUAL ANIMALS 

The purpose o f  t h i s  program i s  t o  ca lcu la te  the p a r a w t e r s  of growth 
f o r  ~ n d i v i d u a l  animals within an experirirentai group for  a s ing le  
o b s e r ~ a t i o n a l  period, t ,  in days. Input parameters are  the i n i t i a l ,  Mg, 
and f i n a l ,  MI, biomasses, ~ n i t i a l ,  Lo ,  and f i n a l ,  Ll, lengths and 
t h e  t o t a l  ra t ion ,  R t ,  fo r  the period, t, considered. The following 
ca lcu la t ions  are mde f o r  each animal: 

G = [ ( l o g  W1 - l o g  Wo)/ni x 100% 

where G is  the spec i f ic  growth r a t e  per day; 

where R i s  the rat ion per animal per day; 

GCE = i G / R )  x 100% 

where GCE i s  the gross conversion eff ic iency ; 

R, = value of R when G = 0 in l i n e a r  relat ionship of G on R ;  

where NCE i s  the net conversion e f f ic iency ;  and 

where GF = condition f a c t o r ,  W = biomass, and L = length 

Sample problem 

Use tne following data: 

i n i t i a l  weight Final weight I n i t i a l  length Final length 

Total food = i9.54 



I n p u t  Funct ion Display Goments 

PRINTED -- 
S t a r t  program 
Enter  time period 
Enter  t o t a l  r a t i o n  
Enter i n i t i a l  weight 
Sample i: 

1 
71.2 
79.45 

Wo 
Enter f i n a l  weiaht 
Enter  i n i t i a l  lenath  

18,0000 
i ,22085 I n i t i a l  cond i t i on  f a c t o r  

Enter  f i n a l  length 
18.94 1 1,16938 Final c o n d i t i o n  f a c t o r  

0.41382 Growth 
0.580i; Ration 

42.22108 GCE 

Go t o  (1) u n t i l  a1 1 t h e  data  
a r e  entered then type [ E l  

1,17927 Average GF 
0.16369 Average growth 
1 .I2544 Average r a t i o n  

12.98192 A erage GCE 
0.10425 R h 

-0.97753 a 
1.014C3 b 
0.96401 Maintenance r a t i o n  

l.00000 Sample # 
25.65690 Go t o  ( 2 )  u n t i l  a i l  t he  N C E ' S  

have been ca lcu la ted  



................................................................ 
I INSTRUCTIONS I INPUT i FuHCTION ( DISPLAY / 
/---l--_-___--------------~---------jjjjjjjjj--jjj~------------- I 
I1 i LOAD THE PRCGRAW I I 

I I I PRINTED j 
12 1 START TEE PROGRAM I I A I-------------; 
/ 3  ! ENTER EXPERImNT 1 f I I r 
I i LENGTH IDAUS). 1 T I I / R / S  I 1 
I 4  ENTER TOTAL RATION I TOTR I I 81s I i 
15 I EfdTEA D J I T I K  WIGHT1 Wo I I R / S  I I 
I I I I I S M P L E  t j r 

I I I 1 I i WO i 
16 j EPiTER FINAL 7&IGilT 1 V l  1 I R/S I W1 I 
I1 I ENTER I N I T I A L  LENGTH/ Lo 1 1 R/S 1 I 
I t CAUSING me ~ I T I ~ L  i I I I LO I 
i 1 CONDITION PACTOX TO ( I I I CF 8 

1 1 BE PRINTED I I I I I I 

18 I ZNTER FIMAL LENGTIi j L1 I 1 R I S  1 ! 
j I T H I S  CAUSES THE I 1 ( LZ I I 

1 i FINAL CONDITION j I I i CF I 
: I FACTOR TO BE PRINTED! 1 I I 1 
! I I F  W E B E  IS NO 1 I I I GBOMTIi I 

I I IWFOP&BTION ON TliE t I I RATION I 

I / I N I T I A L  OR FINAL ( i I I I r 
I I LENGTHS TYPE B AND 1 L 

I I I GCE I 
I THE S S T I O N  ON T I E  1 I I I I L 

/ C F V  S I L L  BE SKIPPED! ! I I f 
I ENTERING ZERO FOR j I I I r 
1 I EITHER TIIE I N I T I k L  I 1 I I 1 
I 1 OR FINAL LENGTH I 1 1 I 
i j IMPLIES THAT THE I 1 1 I I 
I I LENGTH IS MISSING j I I i I I I 
I I S O  NO CF MILL BE 1 i I I i 
i i WORKED OUT, I I I 1 1 
i9 ! RETURN TO STEP 5 FOR1 1 f i I 
I I THE NEXT SAMPLE, 1 I I I i I I 
i I0 1 WflEEu' ALL TIiE SAMPLES I I 1 I I 
I ARE ENTERED,,. I I / B  i i 
I / SG YOU GET TEE I I I I I ACF f 
I I AVERAGE CONDITION 1 I I I AG I 
i I FACTOR ( A C F ) ,  I 1 i 1 AR i I 

I 1 AVERAGE GEiWTH j A G ) , I  1 I AGGE 1 
i I AVERAGE RATION ( A R ) ,  I I i / 1 
i I AVERAGE GCE, CURVE I i I I i R SQUARED i 
I ! EFFICIENCY ! f I 1 a I I 

i ( R  SQUARED) ,FIRST / I I 1 1 / 
I I LINEAR COlJSTANT ( a ) ,  / I i i HA i I 

I ! SECOND LDiEAff 1 I I 
I i I 

i I e r j a s ~ m ~  (b), .WD 1 I I i I 

i I THE MAINTENANCE 1 1 I I I I 

I 1 RATION (MR), I I I I 1 
I 11 i ENTER TEfE GROWTH. 1 G I 1 R / S  1 I I 

i I 1 1 I 1 SAiVPLE t I I 

1121 ENTER TIiE RATION. I R I 1 R / S  I NCG I 
5131 RETURN T O S T E P  11 I 1 I I I 
I I UNTIL BZL THE GRWTIII I ! I 6 I 

I 1 AND RATION VALUES I I I I I 

! ( HAVE BEEN ENTERED. j 1 I 1 I ................................................................ 



............................................................... 
t INSTRUCTIONS 1 INPiiT I FUNCTION I DISPLAY 
[------------------------I--------- !-------------I------------- I 
/ I F  AN EBR3R ISMADE I 8 I I 1 
I WHEN TUFlMG I N  THE I 1 1 / ! 

I THE I N I T I A L  OR FINAL I I I I 1 
I WEIGHTS OR LENGTHS MAIT; I 1 I 1 
I UNTIL THE FRCGRAM STOPS1 I I 1 1 s 

1 FOR TiiE NEXT INITIPJ, j 1 I t 
I I 

I WEIGHT THEN . . , I I F  ; A  1 I 
/ RE-ENTER WE DATA FROM 1 1 I I 1 
1 THE SAMPLE YOU WANT TO i 1 I 1 I 

I CORRECT. 1 1 I I 1 
j I N I T I A L  WIGHT I WO E I R / S  I ! 
I I 1 1 I LAST SAHPLC#( 
I I I f I VO I 
I FINAL WEIGHT 1 511 I I R/S i # I  I 
I I N I T I A L  LENGTH I L o  1 i R / S  / I 
i I I I i LO I 
1 i I I 1 CF I 

i FINAL LENGTH I L l  I R / S  f 
i I I I I L1  i 
I I ! i I CP i 
I THIS WILL ERASE ALL 1 1 1 1 1 
I RECORD OF THAT ENTRY I 1 ! I I 

I FROM THE MEWRY OF' THE I 1 ! 1 i 
I PROGRAM. 1 1 I I i 
! I I 1 I I 
I RETURN TO STEP 5 AND I I 1 I 1 

I ENTER THE CORRECT I I I 1 1 

j SAMPLE APdD THE REST OF i 1 i 1 1 
I THE DATA, 1 1 I I r 

I------------------------I---------{------i------\------------* I 
/ I F  AN ERROR OCCURS I M  I 1 1 1 I 
I THE ENTRY OF THE GRWYdTW I I ! I I 
I OR RATIOIJ JUST RE-ENTER1 I 1 f 1 
? THE SAMPLE. TWE DATA 1 I I 1 I 
/ FROM THIS SECTION IS j I I I I 
I MOT STORED FOE USE ; I / 1 I 

! ANWHERE ELSE. 1 1 1 1 I 
{-____-_-_--------------- I---------I------[------[---_--------- I 
I TO BZGIN AGAIW JUST ! I 1 I I 

I I ! A  / j TYPE ... i 
I ALL THE VBHORIES WILL j 1 I 1 1 

BE ERASED. i i i I i 
[------------------------\---------[------[------[------------- I 
j TO CHANGE THE TOT& j I i ! 1 
j RATION WAIT UNTIL THE 1 1 I I i 
1 PROCRPM STOPS FOR TWE / I 1 1 I 
f NEXT W I T I A L  WEIGHT j I I I ! 
1 THEN. , . 1 I F  I D  j 1 
I RETURN TO STEP 4 .  I 1 I 1 ! 



001 SLBLA 
002 CLRG 
003 P=S 
001: CLRG 
005 R/S 
005 ST01 
007 SF? 
008 CFO 
oas *La;& 
ojn ~ r s  
03 1 ST05 
0 1 2 BLBLC 
013 R/S 
01 4 ST02 
015 DSPO 
016 i 
017 F I ?  
018 ST4 
019 FO? 
020 ST-0 
021 SPG 
022 RCLO 
023 PBTX 
0211 DSP5 
025 RCL2 

CLEAR PRIMARY AMD SECONDARY REGISTERS 

STORE THE LENGTH OF THE EXPERImNT (DAYS) 
IN REGISTER 1 ,  SET FLAGS,  

STORE TOT& RATION IN RLTISTER 5. 

STORE THE INITIAL WEIGHT {Woj IN RBISTER 2 ,  

COUEiT TPE NfSSiER OF SAMPLES ENTERED. 

025 PRTX 
021 R/S 
028 ST03 STORE RIE FINAL 2EIGHT ( # I )  IN RmISTER 3. 
02.9 PRTX 
030 RCL2 
032 ST04 
032 CF2 
033 HtBLI 
034 R/S 
035 X=0S IF THE LENGTE EQUALS ZERO SKIP THIS SECTIOB. 
036 GTOb 
037 spe 
038 PRTX WEIGHTiiLEMGTW GUBSD) x 100% = 
039 3 CONDITION FACTOR 
040 U EXPONENT X 
OY??CIVLDE 
042 1 
043 0 
0114 0 
045 x 
Oi l6  PRTX 
017 FI? 
048 ST+9 
049 PO? 
050 ST-9 
051 RCLB 
052 1 
053 P I ?  
0511 + 
055 FO? 
056 - 
0y SPOB 
058 *LBLD 
059 F21 
%f: GTG2 
067 RCLS 
052 ST08 
063 SF2 
064 GTOl 
06 5 SLBLB 
066 SPC 
&7 acLj 
068 LOG 
009 R C i 2  
070 LCG 
0-71 - 
072 RCLf GRWTW (6) =( (LGG(Ml) -LC; s ; (Wo) ) /T I~ )  X 100% 
0'7 31DIVIDS 
n - t t  4 

KEEP A RUNMXSG TOTAL OF TWE CONDITION 
FACTORS (CF) 

COUNT THE N W E R  OF TIMES TIfE CF IS UORRED 
GUT. 



0 7 5  0 
0 7 6  0 
0 7 7  x 
0 7 8  S T 0 4  
0 7 9  PRTX 
0 8 0  F l ?  
0 8 1  S T 4 3  KEEP A RUNNING TOTAL OF THE GROltiTH I N  
0 8 2  FO? RElGISTER 8 ,  
0 8 3  ST-8 
084 R C t 5  
0 8 5  ACLl 
085 RCL2 RATION (R).  ((TOTAL RATIONI(Mo x TIM)) 
0 8 7  x x "1308 
O88?DIVIDE 
0 8 9  1 
0 9 0  0 
0 9 1  0 
0 9 2  r 
693 FZ? 
094 ST+7 KEEP A RUNNING TOTAL OF THE RATION I N  
095 PO? RKZSTER 7 ,  
0% ST-? 
0 9 7  PRTX 
0 9 8  STOA 
099 STOD 
1 0 0  RCL4 
1 0 1  X=Y (SWITCB X AND Y ,  IHPROPER SYKBOL) 
102 STOC 
103 F ? ?  
IOilSUE4MkTSO1.i SIGN ( X 0  SYMBOL AVATLBSLE) 
105 FO? 
"IHEGATNE SOWATION (NO SYMBOL AVAILABLE ) 
101 ENT SET UP THE R E I S T E R S  FOR LINEAR RGRESSION 
158 1 fBETGIEeY GR(JCITW AMD RATION). 
1 0 9  + 
1 1 0  RCLC 
1 1  1 X=Y (SWITCH X AMD Y ,  IMPROPER SYMBOL) 
1 i 2  3CLD 
1 1 3  X=Y (SWITCH X AND Y, IMPROPER SYMBOL) 
7 i i l  RCL4 
115 RCLk 
1 162DIViDE 
1 1 7  1 GCE=(G/R)x1008 
1 1 8  0 
119 0 
1 2 0  x 
122 F l ?  
122 STc6 
1 2 3  PO? KEEP A RUNNING TOTAL OF RIE GCE IN 
1 2 4  ST-6 R E I S T E R  6. 
125 SPC 
126 BRTX 
$3 CFO 
1 2 8  SF1 
1 2 9  GTOC 
7 30 *LBLZ 
131 RCLg 
132 BCLB 
131 X=O? FIND T;IE AVERAGE CF, 
I34?I)IVIL)E 
$35 SPG 
236 PRTX 
137 RCtB 
3 3 8  RCLO FIND me AVERAGE GRWTN. 
'I 39?DIVIDE 
140 PXTX 
141 RCLl 
742 RCLO FIND TEE AVERKE RATICW. 
I43?DIVIDE 
1 4 4  PXTX 
145 RGL6 
145 RCLO FIND THE WERAGE GCE, 
I &??DIVIDE 
148 PRTX 



18 

1 49 'LBLD 
150 CLRG 
151 P=S (SWITCH PRIt<",AAU AND SECONDARY RaISTERSE 
152 SPC 
153 RCL8 
354 RCL1 
155 ACL6 
156 x 
151 XCL9 
158?DLVIDE 
159 - 
150 EBT 
161 EWT 
162 RGL4 
103 X SQUABED (NO SYWOL BVAILABLE? 
164 RCL9 
165TDIWZDE 
155 RCL5 
167 X=Y (SMITCH X AND P) 
168 - 
509?Dliti3E 
i 7 6  STOB WRK OUT TEE CONDiT13N FACTOR MD 
171 x THE GONSTMTS a AND b FOR LINEAR 
172 RCL6 REGRESSION. 
113 X SQUARED 
414 ROL9 
17 5?DLVIDE 
176 CHS 
117 RCL? 
378 + 

179101VZDE 
180 P a n  
181 BCL6 
182 PCL4 
183 RCLB 
184 x 
185 - 
186 BCL9 
I 871JIIrb IDE 
I88 STOA 
189 PRTX 
190 RCLB 
191 PRTX 
192 R C t B  
193 IIX 
194 RCLA 
195 0 
7 %  X=Y (SWITCH X AND Y) 
191 - 
198 x USES LINEm RERCSSIOW TO FIND 
?99 PRTX MAIMTmANCE RATION JWHEII: TEE GROWTK 
200 ST01 IS ZERO), 
202 0 
202 STDO 
203 *LBte 
204 1 COUNT THE SAMPLE NUMBER. 
205 STsO 
206 SPC 
201 R/S 
208 ST02 
209 RCLO 
275 Py?T?: 
211 RCL2 
252 RIS 
213 RCLZ 
211 - PICE=GRWTH/(RATIOM - HAINTmJLrJA;rdOE RATION) 
21 5?DIVZI3E 
256 TRTX 
241 GTOe 
2 1 8 %BLa 
219 SF0 
226 CFI FOR ERROR CORRECTION SET R A G  ZERO. 
221 GTOC 
222 RTN 



6-N COMPUTATION 

This program ca lcu la tes  the carbon and nitrogen content in mfcrograms 
f a r  a given dry wejght or v~lume o f  oraanic or sedimentary n a t e r l a i  
cornbusted i n  an elemental analyzer d i rec t ly  from the readout of a char t  
recorder ( f u i i  sca le  = 1 rnVoltl. Sens i t iv i ty  values (yV/j.igj, zero vaiires 
( c h a r t  u n i t s ,  c .  u ,  ) and blank values (c.u. 1 f o r  both carbon and  nitrogen are  
s to red  a t  tile beginning of the program. The option For dealing w i t h  dry 
we igh t  of material (option I )  o r  f i l t e r e d  samples of known volume (option 2) 
i s  a l so  determined a t  the beginning of the program. For each sample 
ca lcu ia t ion ,  the appropriate  read value (c,u. and dry weight lpg)  o r  volume 
( m i )  a r e  entered. Stored zero and blank values are  subtracted From the 
entered read va lue  (carbon or ni t rogen)  and the resu l t  m~l l t lp l ied  by 10 t o  
convert from c h a r t  un i t s  t o  pV. These values are  divided by the appropriate 
s e n s i t i v i t y  value t o  obtain yg carbon or nitrogen. The f ina l  output f o r  
each sample cons i s t s  of  a calculat ion of  the percentage carbon c o n t e ~ t  
followed by a ca'iculation of the percentage nitrogen content For option 1 or 
ca lcu la t ion  of the concentration of carbon and nitrogen in pg/ml jequi valent 
t o  mg/L) f o r  option 2. The program has the flexibility t o  allow changes to  
t h e  zero and biask values of carbon and nitrogen during a run. 

Equations pertaining to both carbon and nitrogen: 

[Read value Ic.u. )-Zero value ( c - u .  )-Blank value tc.d, 1 7  x la  I Dry jpg)xlOO=ZG or  S e n s i t i v i t y  

OPTION 2 

[Read value ( c - u .  )-Zero value (c .u.  )-Blank value (c.u. ) I  x 10 
S e n s i t i v i t y  (pV/j.~gj / Volume (mL)= j lg /mL t o r  N ,  

where 1 char t  un i t  (c.u. 1 - 10 microvolts (pV) 
p g  = micrograms 
m i  = m i l l i l i t e r s  

Sample problem 

Given carbon s e n s i t i v i t y  [CSen) = 20.81 
nitrogen s e n s i t i v i t y  [NSen) = 7.44 

Nitrogen or Read Zero B i  ank 
Weight carbon (CRead, NRead) (CZero, NZeroj (CBlank, NBlank 

2427 G 2214 217 23.0 
rJ 41.4 4.7 17-8 

- -- - 
F i n d  to ta l  c.u., pg 6 ,  pg M, Z H, and % C f o r  each sample. 



Input Function Display 

( I I  O p t i o n  1 or  ( 2 1  Option 2 
Enter carbon sensitivi.t?, 
Enter nitrogen s e n s i t j  vfty 
Enter CarDon zero value 
Enter nitrogen zero value 
i n t e r  carbon blank value 
Enter nitrogen blank value 
Enter carbon w a d  value 
Carbon s e n s i t i v i t y  
Sample number 
CZero 
GB'i ank 
&Read 
Total c .u .  

tgCC 10.485 for op t i on  21 
K e n  
Sample number 
NZerci 
NBlank 
Mead 
Total c .u .  

$qiN (0.012 f o r  option Z i  

Samples 2 and 3 are worked ou t t the  same as sample 1, Go t o  ( a )  and en te r  
the flew CRead value ( t b e  r e s t  i s  done for  you - CSen, CZero, CBlank, NSen, 
NZero, and MSiank do not have t o  be re- en^_ L:;. 

I n  sample 4 the Zero, Blank and Read values have t o  be changed. 

I nput Function Display Cornwnts 

F D 
247 R /S 217 Enter new carbon zero value 

R/S P R I N T E D  

8 
4.7 

17.8 
41.4 

Enter new carDon blank value 
Returns you t o  the program 
( t h i s  couid have k e n  entered 
a f t e r  the f i r s t  R/S i f  only 
the  CZero was t o  have k e n  changed) 
Enter neH carbon read va lue  
Carbon s e n s i t i v i t y  
Sample number 
Uew CZero 
New CRlank 
CRead 
Total c.u. 
3s 
% C (0.370 for  option 21 

Enter new nitrogen blank value 

Enter new nStrogen zero value 
This returns yot; La the pro- 
gram ( i f  only the blank value 
was t o  have changed [ B ]  could 
have k e n  typed a f t e r  the 
f i r s t  R/S) 
Enter new nitrogen read value 
NSen 
Sample number 
New NZero 
New NB f ank 
NRead 
Total c.u,  
p!J % N N (0.010 for option 21 



............................................................... 
i INSTRUCTIONS i INPUT mNCTION / DISPLAY I 
~_-___-_-_--_--_---------j---jjjj-j[-------------~------------ I 
I ?  i LOAD THE PROGRAM 1 I I i j PRINTED t 
j2 1 FOR OPTION 1 I I I D !  I 
I I FOR OPTION 2 I I F  j E  I I 
13 ENTER CARBON I I I I I 

1 1 SENSITlVITY I CSEM / ! R / S  I I 
14 j ENTER N1TRM;F;ti I I 1 1 I 
I I SENSITIVITY INSEW I 1 R i S  1 1 
;i ENTZR CARBON ZERO / CZERO 1 I R/S I I 
16 1 EWER NITRCGEN ZERO I MZERO I i R / S  I I 

I 7  I ENTER CARBON BLANK / CBLANK I ; R/S I I 
I 8  1 ENTER N1TRO;;EN BLANK! NBLmK I i R/S / I 
19 1 ENTER CARBON READ 1 CREAD ? 1 R / S  I I 
i I 1 1 r I CSEN I 
1 t I I / SAMPLE f 1 
I I t I I I GZERO I 

I E i I 8 1 CBLMK I 
1 I I 1 1 1 CREAD f 
I I I I ! [ TOTAL e .u .  I 
I I I I I re c I 1 

1101 ENTER SAMPLE WEIGHT I WEIGHT I i R / S  I fb6 I 
I l 1 j ENTER NITROGEN READ / EREAD I R/S 1 I 
I I I I ! j NSEN t 

1 1 
I I I j SAMPLE B I 

[ I  I I 1 I NZERO 1 
1 1 1 I 1 NBLANK I 

I I I i I I BREAD i 
I I I i t / TOTAL c.u. 1 
I I I ! I pg N I I 

1121 ENTER SAMPLE WEIGHT I WEIGHT I I R / S  1 IN I 
I 13 I RETURN TO 9 810 1 I I 1 I 
j j ENTER TIiE NEXT 1 I I I 1 
j 1 CARBON READ, 1 I 1 I I 
j_-_---_L___-___-p-------- i---------l------I------I------------ I 
/ TO CHANGE THE NELANK 1 1 I I I 

; WAIT UNTIL THE NEXT 1 ! 1 /I I 
! NREAD I S  TG BE ENTERED I I 

I I I r 
1 TEIEN.. , ! I I G  I I 

/ ENTER THE MEW fdBLkNK / NBLAIK ! I R / S  1 I 
1 VALUE, B PUTS THE i I I B  I 1 
1 PXCGBL! BPCK TO STEP 11, I I 1 I 
t I 

I i I I I 
/___---_____----___------jjjj-j-jjjI------~------I------------[ 
I TO CHANGE THE NZERO / I 1 I I 

I WAIT UNTIL THE NEXT / 1 I I I 
i FjBOkD I S  TO BE ENTERED / 1 1 I I 
I THEN . . . 1 j F  ! C  1 ! 
i ENTER TIE KEV NZERO I NZERO I a /s  i I 
I RETURN TO STEP 11. 1 1 / B !  1 t__-__--_-____-_---------' 1--------- I ------ *------I------------! I 

I TO CHANGE THE CBLAMK / I I ! I 
I FlAiT UNTIL THE NEXT ! I f 1 
/ CRE9D IS TO BE ENTERED ! I I I 1 
I TPEH, .. I I I G  t i 
i ENTFR THE N E t l  CBtkNK / CBLmK I I R / S  1 I 

I RETURN TO STEP 9 ,  8 I F  i A  I 
;------------------------i----------{-------------j------------ 

1 
I 

/ TO CHANGE THE CZERO I I I I I I 
I WALT UNTIL R I E  NEXT 1 1 1 I I 

vrnrbc 45 TP E E P J T E R E ~  I I ! I 
$ ". - 
I THEN. . . I I F  I D  ! I 
I EMTEE THE hEW CZEBO 1 CZERO / I X/S 1 ! 
i RETURN TO STEP 9 ,  I I F  i A  I 
i------------------------i----------j------[------[------------ 

1 
I 

I THE ONLY WAY TO CHAMGE 1 I I I I 
I THE CARBON OR I I T R G E M  I I I I I 

/ SENSITIVITY IS TO RE- I 
I I f I 

) START THE PRC*SRPM, I 1 i I I ............................................................... 





051 1 
552 0 
053 x 
05h  RCL6 
055?DIVIDE 
056 PRTX 
057 R/S 
058?DIQIDE 
059 PI? 
060 GT02 
06? I 
062 0 
063 0 
0611 x 
06 5 'LBL2 
066 PRTX 
06 7 "LBto 
068 RCLO 
969 2 
O~O?DI~III)E 
071 FRC 
072 X=C? 
073 GTOa 
07 4 'LBLB 
075 RGLT 
076 ST01 
077 XCLE 
078 ST92 
07'3 RCLC 
080 ST06 
081 CTCl 
082 *LBLe 
083 SF? 
084 GTOA 
085 "LSLD 
386 GF1 
087 GTOA 
088 RTW 

CALCULATE MID PRINT NfC 
(TOTAL c .u .  x IO)/SENSITI'JITY=W 

S K I P  IF OPTION D TAXEN 

CALCULATE bAD PRINT THE $NO 
$NC= ( EI/C ) /SPMPLE MEZGHT x 100% 

CHECK TO SEE VHETBER TEIE SAMPLE IS 9DD 
OR EVEN (CARBOEJ OR NITREEN). 

INITIALIZE THE REGISTERS FOR A NITROGEN S M P t E .  

CHOOSE OPTION 1 

CHOOSE OPTION 2 
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Appendix 1, h4cdr f l e d  HP-97 program for  Bioiumat ATF measuremerits 
incorporating cor re la t ion  and regressioc analyses of standards, program 
modification of card supplied w i t n  the Biclumat ASP machine. 
- - 

Input Function Display Goments 
-- --- 

F B PRINTED 

Concentration 

E Sample # 
Background 

Total count- 
background 

R/S Total count- 
background 

Multiple of 
5 ST9 rjr 

L 

Unknown count F 0 Unknown count 
concentration 

Begin program. This w i l l  
c l e a r  a l l  the f l ags  and 
reg i s te r s .  

Sets  the f l ags  and reg is te r s  
used in the program. 

Pressed &en the sample goes 
in. I t  ac t iva tes  the machine 
and s t a r t s  the program. 

Every f i f t h  sample, blginnfng 
a t  zero, is  a standara. The 
program w i 1  l stop t o  a1 low 
the entry of the concen- 
t r a t i o n .  Watch the sample 
number to  t e l  i when a 
standard i s  coming. I f ,  when 
i t  cornes the time t o  en te r  
the  concentration, you decide 
not to  use t h i s  standard i n  
the  calculat ion of the curve 
i nstead of entering the 
concentration, e n t e r  a new 
unknown sample and go to (1  1. 

I f  you want to  do m r e  
standards without enter ing a 
mult iple  of 5 and s to re  i t  in 
Register Q, enter fou r  new 
samples and go t o  ( I  1. 

When a l l  the samples are  entered 
LC]  gives the ~ 2 ,  a ,  b 
values of the curve f i t t i n g .  

Efiter a15 your unknown counts 
t o  get the approxjmate 
concentrations. 



Appendix 2. Grwvsth/ration program for arithmetic linear mdel. 

The only difference between this growth/ration program and the one on 
page 12 i s  that  the formula used i s  different and uses: 

Final weight - In i t i a l  weight 
In i t i a l  weight x time 

Tne instructions for the program remain l~nrhaqged. 



kppendi x 3 ,  Production ecology ai de-memoi re ,  

This program aids 1.i recal l ing the f~or:nulas fo r  calculat ing P:B i*h-ich 
were pribl~shed by 1983. Tne pragrdin a l so  ca lcu la tes  P:B r a t i o s  based or, wet 
welght or k ~ l o c a l o r i e s  (Kcal l  and l i fespan.  

Equivalents t o  converbwet weight, g, to  Kcdl twl t ip ly  by: 

- 1.0 Stee ie  (1974) 
- 0-6  Mi l i s  a n d  Fodrnier (19791 - r e f e r s  t o  fresh weight 

o r  - 0.5 Crisp (2975) 

After  enter ing the appropriate  equivalent, type C. The equivalent may be 
changed by e n t e r ~ n g  a new value and retyping G. 

The followfng equations may be used by enter ing M, the w e t  weight1 
(g.m-2.yr-l) fol lowed by the appropriate  l e t t e r .  

L e t t e r  Equation Applicabi l i ty  Reference 

D P:B=U.97lw -0,167 
Masrofaund + ineiofauna Schwinghamr 339813 

C P:B=O.l12w -0.299 Me? ofauna 

f A ~:B=0.536w- 0.302 Macrofauna 

5 2 : 8=0.646w -0.37 Invertebrdtes ,  5-20°C Banse and Mosher t 19801 
f '3 I':B=0,617w -0.39 Invertebrates  without 

insec t s  
A P:0=4.571 Macrofauna Robertson (19791 

1 I Fespan i y r )  -0,776 

l ~ o t e  tha t  t h i s  does not apply when l e t t e r  A i s  used and the entry here 
miist be preceded by the l i fespan i n  years .  

Note xhat eqeratlons froin Banse and iksher  (1980) and Robertson (1979) a r e  
given i n  a simpler form than they were o r i g ~ n a ' r l y  presented by tilese 
a i l ~ b o r s .  

Output 

wet r e i  ght 
Kcal 
F : D 

Note t h a t  f o r  l e t t e r  k t h e  value gi ten i s  tne l i fespan and not wet weight. - 

Ca+a as Kca? rnay be converted to  u n i t s  o f  ki lo jou les  (KJ1 as follows: 

Kcal x 4-18  

by siinply pressing f i  


