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The Data for AgeThe Data for Age

•• Parasite either present or Parasite either present or 

absent (binomial)absent (binomial)

•• Host cod age 1 Host cod age 1 –– 16 years old16 years old

–– Use ages 2,3....,10+Use ages 2,3....,10+

–– expecting greater odds of expecting greater odds of 

parasite with increased ageparasite with increased age

•• Total 11.940 fishes (drop age1)Total 11.940 fishes (drop age1)

•• Total w/parasite 1047 fishesTotal w/parasite 1047 fishes
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The Data for LatitudeThe Data for Latitude

•• Sampling area NWSampling area NW--Atlantic:    Atlantic:    

N 45.00N 45.00ºº –– 54.0054.00ºº

–– ≤≤4646ºº, 47, 47ºº,48,48ºº,49,49ºº, , ≥≥5050ºº

–– expecting greater odds of expecting greater odds of 

parasite as move southparasite as move south

•• Total 11.940 fishesTotal 11.940 fishes

•• Total w/parasite 1047 fishesTotal w/parasite 1047 fishes

•• Sampling period 1996 Sampling period 1996 –– 20002000 2190219014114150-54
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The ModelThe Model

•• Odds = p/1Odds = p/1--p,p, p=porprotion infected with parasitep=porprotion infected with parasite

•• Odds Ratio (OR)Odds Ratio (OR) = oddsA/oddsB hence= oddsA/oddsB hence oddsB=OR*oddsA oddsB=OR*oddsA 
–– Logistic regression considers the log odds as a functionLogistic regression considers the log odds as a function

of explanatory variables: ln(OddsB) = OddsA +ln(OR)of explanatory variables: ln(OddsB) = OddsA +ln(OR)
•• Formal model:Formal model: Odds= eOdds= eβo βo eeβage βage eelatlat eeβo+βageβo+βage + error+ error
•• Dependent variablesDependent variables

–– odds of parasiteodds of parasite
–– odds ratio of parasiteodds ratio of parasite

•• Explanatory variablesExplanatory variables
–– “interaction latitude and age”“interaction latitude and age”
–– latitudelatitude
–– ageage

•• Odds and Odds Ratio in Odds and Odds Ratio in SASSAS
–– eeβoβo = odds of parasite for the intercept= odds of parasite for the intercept
–– eeβageβage= odds ratio relative to intercept= odds ratio relative to intercept
–– eeβo+βageβo+βage = odds of parasite for age or latitude= odds of parasite for age or latitude

•• ResidualsResiduals: catagorical binomial data assume binomial res. do not check: catagorical binomial data assume binomial res. do not check



Analysis Interaction Age & Lat.Analysis Interaction Age & Lat.
The GENMOD Procedure

Model Information
Data Set                           SAVE.AGEGENMOD
Distribution                       Binomial
Link Function                      Logit-odds
Dependent Variable                 LERNAE
Number of Observations Read       11940
Number of Observations Used       11940
Number of Events                    1047
Number of Trials                    11940

Class Level Information
Class       Levels    Values
LATDEC         5     46 47 48 49 50
AGE               9     2 3 4 5 6 7 8 9 10

Response Profile
Ordered                  Total

Value    LERNAE    Frequency
1    1                   1047
2    0                 10893

PROC GENMOD is modeling the probability that LERNAE='1'.



Results interaction latResults interaction lat--ageage

LR Statistics For Type 1 AnalysisLR Statistics For Type 1 Analysis

Source          Deviance      DF     ChiSource          Deviance      DF     Chi--Square    Pr > ChiSqSquare    Pr > ChiSq
Intercept          7096.1Intercept          7096.1
LATDEC             6979.5      4        116.64            <.000LATDEC             6979.5      4        116.64            <.00011
AGE                   6893.4      8          86.05            <AGE                   6893.4      8          86.05            <.0001.0001
LATDEC*AGE    6853.1     30         40.33             0.0986LATDEC*AGE    6853.1     30         40.33             0.0986



Results Latitude SAS outputResults Latitude SAS output
Standard     Wald 95% Confi.       ChiStandard     Wald 95% Confi.       Chi--

Parameter  DF    Estimate       Error           Limits          Parameter  DF    Estimate       Error           Limits          Square       Pr > ChiSqSquare       Pr > ChiSq
Interc(Interc(≥≥5050ºº) 1   ) 1   --2.67632.6763 0.0871     0.0871     --2.8470     2.8470     --2.5057     944.93        <.00012.5057     944.93        <.0001

LAT 49LAT 49ºº 1        0.8533       0.1877      0.4854      1.2212        21        0.8533       0.1877      0.4854      1.2212        20.67         <.00010.67         <.0001
LAT 48LAT 48ºº 1        0.5175       0.0975      0.3264      0.7086        21        0.5175       0.0975      0.3264      0.7086        28.17         <.0001 8.17         <.0001 
LAT 47LAT 47ºº 1        0.3121       0.1072      0.1021      0.5222         1        0.3121       0.1072      0.1021      0.5222         8.48         0.00368.48         0.0036
LAT LAT ≤≤4646ºº 1       1       --2.0960       0.4575     2.0960       0.4575     --2.9926     2.9926     --1.1994       20.99         <.00011.1994       20.99         <.0001

Odds intercept : eOdds intercept : e--2.67632.6763==0.06880.0688
odds of parasite in cod north of 50odds of parasite in cod north of 50ºº are 1:0.07are 1:0.07

Odds at 49Odds at 49ºº: e: e--2.67632.6763+0.8533+0.8533==0.16150.1615
odds of parasite in cod at 49odds of parasite in cod at 49ºº are 1:0.16are 1:0.16

Odds ratio of 49Odds ratio of 49ºº relative to relative to ≥≥50: e50: e0.85330.8533=2.3474=2.3474
or or 0.16150.1615//0.06880.0688=2.3474=2.3474



Check odds calculations using excelCheck odds calculations using excel

•• Model: Odds=((#para/total)/(#nopara/total)) Model: Odds=((#para/total)/(#nopara/total)) 
•• Odds Odds ≥≥5050ºº: 141 para & 2050 nopara, total 2191 fishes: 141 para & 2050 nopara, total 2191 fishes

–– Odds = ((141/2190) / (2049/2190)) = Odds = ((141/2190) / (2049/2190)) = 0.06880.0688
–– 0.0688 = e0.0688 = e--2.67632.6763

•• Odds Odds 4949ºº: 42 para and 260 nopara, total 302 fishes: 42 para and 260 nopara, total 302 fishes
–– Odds = ((42/302) / (260/302)) = Odds = ((42/302) / (260/302)) = 0.16150.1615
–– 0.1615 = e0.1615 = e--2.6763+0.85332.6763+0.8533

•• Odds ratio Odds ratio 4949ºº relative to ≥relative to ≥5050ºº

–– 0.16150.1615 / / 0.06880.0688 = = 2.34742.3474
–– 2.34742.3474 = = ee--0.85330.8533



Confidence Limits LatitudeConfidence Limits Latitude
Parameter  DF    Estimate Parameter  DF    Estimate Wald 95% Confi Limits        ChiWald 95% Confi Limits        Chi--Square    Pr > ChiSqSquare    Pr > ChiSq

Interc(Interc(≥≥5050ºº) 1   ) 1   --2.6763 2.6763 --2.8470     2.8470     --2.5057     2.5057     944.93        <.0001944.93        <.0001

LAT 49      1      0.8533 LAT 49      1      0.8533 0.4854      1.2212      0.4854      1.2212      20.67          <.000120.67          <.0001
LAT 48      1      0.5175LAT 48      1      0.5175 0.3264      0.7086      0.3264      0.7086      28.17          <.000128.17          <.0001
LAT 47      1      0.3121LAT 47      1      0.3121 0.1021      0.5222       0.1021      0.5222       8.48            0.0036 8.48            0.0036 
LAT 46      1     LAT 46      1     --2.09602.0960 --2.9926     2.9926     --1.1994      1.1994      20.99         <.000120.99         <.0001

CL odds for CL odds for ≥≥5050ºº: e: e--2.84702.8470=0.0580    , e=0.0580    , e--2.50572.5057=0.0816=0.0816

CL odds for 49CL odds for 49ºº: e: e--2.8470+2.8470+0.48540.4854=0.0943, e=0.0943, e--2.5057+2.5057+1.22121.2212=0.2768=0.2768



Calculated Odds with Confidence Limits and Calculated Odds with Confidence Limits and 
Proportion (%)Proportion (%)

PP--value: significantly different from the value: significantly different from the odds odds / / odds ratioodds ratio of 1:1of 1:1

0.840.84

8.598.59

10.3510.35

13.9113.91

6.446.44

Prop. Prop. 
(%)(%)

0.02460.0246

0.13760.1376

0.16580.1658

0.27680.2768

0.08160.0816

Upper Upper 
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<.0001<.00010.00290.00291:0.00851:0.0085≤≤4646ºº

0.00360.00360.06430.06431:0.09411:0.09414747ºº

<.0001<.00010.08040.08041:0.11551:0.11554848ºº

<.0001<.00010.09430.09431:0.16151:0.16154949ºº

<.0001<.00010.05800.05801:0.06881:0.0688≥≥5050ºº

PP--value value 
SASSAS

Lower Lower 
95%CL95%CL

OddsOddsLATLAT



Results LatitudeResults Latitude
LR Statistics For Type 1 AnalysisLR Statistics For Type 1 Analysis

Source         Deviance        DF     ChiSource         Deviance        DF     Chi--Square       Pr > ChiSqSquare       Pr > ChiSq
Intercept      7104.5317Intercept      7104.5317
LATDEC        6988.0277      4       116.64  LATDEC        6988.0277      4       116.64  ∆G∆G <.0001<.0001

Wald Statistics For Type 3 AnalysisWald Statistics For Type 3 Analysis
Source           DF     ChiSource           DF     Chi--Square    Pr > ChiSqSquare    Pr > ChiSq

LATDEC          4        68.45         LATDEC          4        68.45         <.0001<.0001

•• Only 1 explanatory variable: type1=type3Only 1 explanatory variable: type1=type3
•• LR=likelihood ratioLR=likelihood ratio

–– compares regression linescompares regression lines
–– usually more reliable than WALD usually more reliable than WALD 

•• Wald Wald 
–– compares odds ratios compares odds ratios 
–– needs very large sample size to be reliableneeds very large sample size to be reliable



Results Age SAS outputResults Age SAS output

Standard     Wald 95% Confi.       ChiStandard     Wald 95% Confi.       Chi--
Parameter     DF   Estimate     Error               Limits      Parameter     DF   Estimate     Error               Limits      Square    Pr > ChiSqSquare    Pr > ChiSq
Interc. age2   1    Interc. age2   1    --2.8502      0.2099      2.8502      0.2099      --3.2617  3.2617  --2.43872.4387 184.31       <.0001 184.31       <.0001 
Age 3            1     0.5711      0.2262       0.1277    1.0146Age 3            1     0.5711      0.2262       0.1277    1.0146 6.37        0.01166.37        0.0116
Age 4            1Age 4            1 0.5650      0.2209       0.1320    0.9979          6.54        0.5650      0.2209       0.1320    0.9979          6.54        0.01050.0105
Age 5            1     0.7322      0.2220       0.2927    1.1672Age 5            1     0.7322      0.2220       0.2927    1.1672 10.88        0.001010.88        0.0010
Age 6            1     0.6061      0.2239       0.1674    1.0449Age 6            1     0.6061      0.2239       0.1674    1.0449 7.33        0.00687.33        0.0068
Age 7            1     0.6150      0.2323       0.1598    1.0703Age 7            1     0.6150      0.2323       0.1598    1.0703 7.01        0.00817.01        0.0081
Age 8            1     0.2372      0.2416      Age 8            1     0.2372      0.2416      --0.2364    0.7108          0.96        0.32620.2364    0.7108          0.96        0.3262
Age 9            1    Age 9            1    --0.0438      0.2815      0.0438      0.2815      --0.5956    0.5079          0.02        0.87620.5956    0.5079          0.02        0.8762
Age 10          1    Age 10          1    --0.4696      0.3139      0.4696      0.3139      --1.1122    0.1184          2.51        0.11351.1122    0.1184          2.51        0.1135



Calculated Odds & Confidence LimitsCalculated Odds & Confidence Limits

0.11350.11350.09820.09820.01260.01261:0.03521:0.03521010
0.87620.87620.14500.14500.02110.02111:0.05541:0.055499
0.32620.32620.17770.17770.03030.03031:0.07331:0.073388
0.00810.00810.25450.25450.04500.04501:0.10701:0.107077
0.00680.00680.24810.24810.04530.04531:0.10601:0.106066
0.00100.00100.28040.28040.05160.05161:0.12031:0.120355
0.01050.01050.23670.23670.04370.04371:0.10181:0.101844
0.01160.01160.24070.24070.04350.04351:0.10241:0.102433
<.0001<.00010.08730.08730.03830.03831:0.05781:0.057822

PP--value value 
SASSAS

Upper Upper 
95%CL95%CL

Lower Lower 
95%CL95%CL

OddsOddsAgeAge



Results AgeResults Age

LR Statistics For Type 1 AnalysisLR Statistics For Type 1 Analysis

Source         Deviance        DF     ChiSource         Deviance        DF     Chi--Square       Pr > ChiSqSquare       Pr > ChiSq
Intercept      7096.1055Intercept      7096.1055
Age              7034.6925      8        61.41Age              7034.6925      8        61.41 ∆G   ∆G   <.0001<.0001

Wald Statistics For Type 3 AnalysisWald Statistics For Type 3 Analysis

Source           DF     ChiSource           DF     Chi--Square         Pr > ChiSqSquare         Pr > ChiSq
Age                 4        51.11     Age                 4        51.11     <.0001<.0001



ConclusionConclusion
•• Odds of parasite with latitude:Odds of parasite with latitude:

–– Accept HAccept Hlatlat: : odds ratio=eodds ratio=eβlatβlat≠1   ≠1   -- expectedexpected
–– Max odds at 49Max odds at 49ºº -- surprisesurprise
–– South of 46South of 46ºº less odds than north of 50less odds than north of 50º º -- surprisesurprise

•• Odds of parasite with ageOdds of parasite with age
–– Accept HAccept Hage/latage/lat: : odds ratio=eodds ratio=eβageβage≠1 ≠1 -- expectedexpected
–– Max odds 5 years old Max odds 5 years old -- surprisesurprise
–– Decrease from 6 Decrease from 6 –– 10 years old 10 years old -- surprisesurprise

•• Happy with my model?   Yes and NoHappy with my model?   Yes and No
–– Yes: there was a significant increase in goodness of fit Yes: there was a significant increase in goodness of fit ∆G∆G
–– NoNo

•• age & lat did not have the effect I expectedage & lat did not have the effect I expected

–– New explanatory variables neededNew explanatory variables needed
•• separated cod stocks separated cod stocks 
•• longitudelongitude
•• inherent susceptibility and resistant of fish to parasiteinherent susceptibility and resistant of fish to parasite
•• intermediate host (lumpfish)intermediate host (lumpfish)


