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data <- read.table("alligatorfood-data.txt",header=TRUE)
attach(data)

#we need this library for the 'multinom' function
library(nnet)

y = cbind(Fish,Invertebrate,Reptile,Bird,Other)

(M1 = multinom(y ~ 1))

## # weights: 10 (4 variable)
## initial value 352.466903
## final value 302.181462
## converged

## Call:

## multinom(formula = y ~ 1)
##

## Coefficients:

#it (Intercept)
## Invertebrate -0.4324211
## Reptile -1.5988558
## Bird -1.9783458
## Other -1.0775589
##

## Residual Deviance: 604.3629
## AIC: 612.3629

summary (M1)

## Call:

## multinom(formula = y ~ 1)
##

## Coefficients:

#i# (Intercept)
## Invertebrate -0.4324211
## Reptile -1.5988558
## Bird -1.9783458
## Other -1.0775589
##



##

Std. Errors:

#t (Intercept)

## Invertebrate 0.1644133

## Reptile 0.2515350

## Bird 0.2959078

## Other 0.2046663

##

## Residual Deviance: 604.3629

## AIC: 612.3629

BIC(M1)

## [1] 625.9192

(M2 = multinom(y ~ Lake))

## # weights: 25 (16 variable)

## initial value 352.466903

## iter 10 value 281.030560

## iter 20 value 280.583926

## final value 280.583844

## converged

## Call:

## multinom(formula = y ~ Lake)

#i#

## Coefficients:

#it (Intercept) LakeHancock
## Invertebrate -0.5008393 -1.5137909
## Reptile -3.4962205 1.1937161
## Bird -2.3982809 0.6065505
## Other -1.7048477 0.8686390
##

## Residual Deviance: 561.1677

## AIC: 593.1677

(M3 = multinom(y ~ Gender))

## # weights: 15 (8 variable)

## initial value 352.466903

## iter 10 value 301.192714

## final value 301.129428

## converged

## Call:

## multinom(formula = y ~ Gender)

#i#

## Coefficients:

#it (Intercept) GenderMale

## Invertebrate -0.2231478 -0.3578812

## Reptile -1.7635569 0.2509570

LakeOklawaha LakeTrafford

0.55488981 0.8263598
2.55175319 3.0107928
-0.49188808 1.2197770
-0.08689071 1.4425750



## Bird -1.7635851 -0.3680370
## Other -0.9162928 -0.2708745
#

## Residual Deviance: 602.2589

## AIC: 618.2589

(M4 = multinom(y ~ Size))

##
##
##
##
##

# weights: 15 (8 variable)
initial wvalue 352.466903
iter 10 value 294.689203
final value 294.606678
converged

##
##
##
##
##
##
##
##
##
##
##
##

Call:
multinom(formula = y ~ Size)
Coefficients:

(Intercept) Size
-0.08515712 -0.9489002
-2.10000556 0.8582954
-2.28237308 0.5551345
-0.94734781 -0.2943686

Invertebrate
Reptile

Bird

Other
Residual Deviance: 589.2134
AIC: 605.2134

(M5 = multinom(y ~ Lake + Gender))

##
##
##
##
##
##

(20 variable)
352.466903

# weights: 30
initial value
iter 10 value 279.421076
iter 20 value 277.733691
final value 277.732884
converged

##
##
##
##
##
##
##
##
##
##
##
##

Call:
multinom(formula =

Coefficients:

(Intercept) LakeHancock
0.01048504 -1.7605713
-3.37256725  1.1400408
-2.12320607  0.4818741
-1.51431307 0.7842964

Invertebrate
Reptile

Bird

Other
Residual Deviance: 555.4658
AIC: 595.4658

(M6 = multinom(y~ Lake + Size))

y ~ Lake + Gender)

LakeOklawaha LakeTrafford
0.59314476 0.9609816
2.55949903 3.0361432

-0.47393004 1.2811363
-0.07500933 1.4829188

GenderMale
-0.8577619
-0.1834060
-0.4245404
-0.2871253



##
##
##
##
##
##

##
##
##
##
##
##
##
##
##
##
##
##

M7

##
##
##
##
##

##
##
#
##
##
##
##
#
##
##
##
##

(20 variab
352.466903

# weights: 30
initial value
iter 10 value 270.844027
iter 20 value 270.041364
final value 270.040140
converged

le)

Call:
multinom(formula = y ~ Lake + Size)
Coefficients:
(Intercept) LakeHancock LakeOklawaha LakeTrafford

Invertebrate -0.09083394 -1.6583241 0.937163858
Reptile -3.66588368 1.2431622 2.458817408
Bird -2.72380722 0.6952142 -0.653348590
Other -1.57283851 0.8262891 0.005522604
Residual Deviance: 540.0803

AIC: 580.0803

= multinom(y ~ Gender + Size))

# weights: 20 (12 variable)

initial value 352.466903

iter 10 value 294.854746

final value 294.091727

converged

Call:
multinom(formula =

Coefficients:

(Intercept)
-0.04280353
-2.08500394
-2.03235739
-0.85769580

Invertebrate
Reptile

Bird

Other
Residual Deviance: 588.18
AIC: 612.1835

y ~ Gender + Size)

GenderMale Size
-0.09004186 -0.9211347
-0.03135665 0.8677287
-0.61461112 0.7532196
-0.19616474 -0.2331107

35

(M8=multinom(y~ Lake+Gender+Size))

##
##
##
##
##
##

##
##

(24 variab
352.466903

# weights: 35
initial value
iter 10 value 271.274792
iter 20 value 268.935538
final value 268.932740
converged

Call:
multinom(formula =

le)

y ~ Lake + Gender + Size)

Size
1.121984 -1.4581521
2.935296 0.3513836
1.087850 0.6307298
1.516419 -0.3313740



##

## Coefficients:

#it (Intercept) LakeHancock LakeOklawaha LakeTrafford
## Invertebrate 0.1690702 -1.7805555 0.91304120 1.1565722
## Reptile -3.4161432 1.1296426 2.53024945 3.061087
## Bird -2.4321397 0.5754699 -0.55020075 1.237216
## Other -1.4309095 0.7667093 0.02603021 1.557820
## Size

## Invertebrate -1.3361658

## Reptile 0.5571846

## Bird 0.7300740

## Other -0.2905697

##

## Residual Deviance: 537.8655

## AIC: 585.8655

summary (M2)

## Call:

## multinom(formula = y ~ Lake)

##

## Coefficients:

#Hit (Intercept) LakeHancock LakeOklawaha LakeTrafford
## Invertebrate -0.5008393 -1.5137909 0.55488981 0.8263598
## Reptile -3.4962205 1.1937161  2.55175319 3.0107928
## Bird -2.3982809 0.6065505 -0.49188808 1.2197770
## Other -1.7048477 0.8686390 -0.08689071 1.4425750
##

## Std. Errors:

#i# (Intercept) LakeHancock LakeOklawaha LakeTrafford
## Invertebrate 0.2833774 0.6029744 0.4341550 0.4612870
## Reptile 1.0148749 1.1817886 1.1083250 1.1099095
## Bird 0.6031161 0.7727128 1.1912598 0.83105687
## Other 0.4438217 0.5542879 0.7654142 0.6114775
##

## Residual Deviance: 561.1677

## AIC: 593.1677

BIC(M2)

## [1] 647.3928

summary (M3)

## Call:

## multinom(formula = y ~ Gender)

##

## Coefficients:

#Hit (Intercept) GenderMale

## Invertebrate -0.2231478 -0.3578812

## Reptile -1.7635569 0.2509570

## Bird -1.7635851 -0.3680370

GenderMale
-0.4629388
-0.6276217
-0.6064035
-0.2524299



## Other -0.9162928 -0.2708745
##

## Std. Errors:

#it (Intercept) GenderMale
## Invertebrate  0.2535467 0.3339731
## Reptile 0.4418517 0.5376858
## Bird 0.4418570 0.5958549
## Other 0.3162281 0.4153372
##

## Residual Deviance: 602.2589

## AIC: 618.2589

BIC(M3)

## [1] 645.3714

summary (M4)

## Call:

## multinom(formula = y ~ Size)

#t

## Coefficients:

## (Intercept) Size
## Invertebrate -0.08515712 -0.9489002
## Reptile -2.10000556 0.8582954
## Bird -2.28237308 0.5551345
## Other -0.94734781 -0.2943686
##

## Std. Errors:

#it (Intercept) Size
## Invertebrate 0.2064721 0.3568642
## Reptile 0.4325127 0.5349882
## Bird 0.4694765 0.6063273
## Other 0.2702565 0.4149509
##

## Residual Deviance: 589.2134

## AIC: 605.2134

BIC(M4)

## [1] 632.3259

summary (M5)

## Call:

## multinom(formula = y ~ Lake + Gender)
#t

## Coefficients:

##

## Invertebrate 0.01048504 -1.7605713
## Reptile -3.37256725 1.1400408

(Intercept) LakeHancock LakeOklawaha LakeTrafford GenderMale

0.59314476
2.55949903

0.9609816 -0.8577619
3.0361432 -0.1834060



## Bird -2.12320607
## Other -1.51431307
##

## Std. Errors:

#Hit (Intercept)
## Invertebrate 0.3584792
## Reptile 1.0863463
## Bird 0.7212115
## Other 0.5318941
##

## Residual Deviance: 555.4658
## AIC: 595.4658

BIC(M5)

## [1] 663.2472

summary (M6)

## Call:

## multinom(formula = y ~ Lake + Size)
#t

## Coefficients:

#it (Intercept)
## Invertebrate -0.09083394
## Reptile -3.66588368
## Bird -2.72380722
## Other -1.57283851
##

## Std. Errors:

#it (Intercept)
## Invertebrate 0.3080369
## Reptile 1.0589837
## Bird 0.7104046
## Other 0.4748331
##

## Residual Deviance: 540.0803
## AIC: 580.0803

BIC(M6)

## [1] 647.8617

summary (M7)

## Call:

## multinom(formula = y ~ Gender + Size)
##

## Coefficients:

## (Intercept)
##

0.4818741
0.7842964

LakeHancock
0.6187324
1.1945082
0.7960695
0.5701319

LakeHancock
-1.6583241
1.2431622
0.6952142
0.8262891

LakeHancock
0.6128764
1.1853979
0.7812686
0.5575480

GenderMale

-0.47393004
-0.07500933

1.2811363
1.4829188

LakeOklawaha LakeTrafford

0.4425069
1.1088625
1.1922056
0.7661014

0.4722548
1.1134113
0.8381776
0.6158038

LakeOklawaha LakeTrafford

0.937163858
2.458817408
-0.653348590
0.005522604

1.121984
2.935296
1.087850
1.516419

LakeOklawaha LakeTrafford

0.4718994
1.1181345
1.2021440
0.7765972

Size

Invertebrate -0.04280353 -0.09004186 -0.9211347

0.4905118
1.1164171
0.8416698
0.6214385

-0.4245404
-0.2871253

GenderMale
0.3694164
0.5873043
0.6476502
0.4542938

Size
-1.4581521
0.3513836
0.6307298
-0.3313740

Size
0.3959420
0.5800193
0.6424808
0.4482525



## Reptile -2.08500394 -0.03135665 0.8677287

## Bird -2.03235739 -0.61461112 0.7532196

## Other -0.85769580 -0.19616474 -0.2331107

##

## Std. Errors:

#it (Intercept) GenderMale Size

## Invertebrate 0.2650229 0.3538189 0.3730316

## Reptile 0.5100510 0.5694016 0.5629408

## Bird 0.5204014 0.6337808 0.6439212

## Other 0.3336578 0.4378947 0.4373976

#i#

## Residual Deviance: 588.1835

## AIC: 612.1835

BIC(M7)

## [1] 652.8523

summary (M8)

## Call:

## multinom(formula = y ~ Lake + Gender + Size)

#i#

## Coefficients:

#i# (Intercept) LakeHancock LakeOklawaha LakeTrafford
## Invertebrate 0.1690702 -1.7805555 0.91304120 1.155722
## Reptile -3.4161432 1.1296426  2.53024945 3.061087
## Bird -2.4321397 0.5754699 -0.55020075 1.237216
## Other -1.4309095 0.7667093 0.02603021 1.557820
## Size

## Invertebrate -1.3361658

## Reptile 0.5571846

## Bird 0.7300740

## Other -0.2905697

#i#

## Std. Errors:

## (Intercept) LakeHancock LakeOklawaha LakeTrafford
## Invertebrate 0.3787475 0.6232075 0.4761068 0.4927795
## Reptile 1.0851582  1.1928075 1.1221413 1.1297557
## Bird 0.7706720  0.7952303 1.2098680 0.8661052
## Other 0.5381162  0.5685673 0.7777958 0.6256868
#it Size

## Invertebrate 0.4111827

## Reptile 0.6466092

## Bird 0.6522657

## Other 0.4599317

##

## Residual Deviance: 537.8655

## AIC: 585.8655

BIC(M8)

## [1] 667.2032

GenderMale
-0.4629388
-0.6276217
-0.6064035
-0.2524299

GenderMale
0.3955162
0.6852750
0.6888385
0.4663546



1-pchisq(M7$deviance-M8$deviance,length(coef (M8))-length(coef (M7)))

## [1] 1.228388e-06

Based on all model comparison criteria and the likelihood ratio test recommended by the instructor, the best
multinomial model for explaining alligator food choice is Model M8: y ~ Lake + Gender + Size. Although
BIC prefers simpler models due to its heavy penalty on categorical predictors, both AIC and model deviance
strongly favor M8: it has the lowest AIC (585.87) and the lowest residual deviance (537.87) of all models.
Most importantly, the likelihood ratio test comparing M7 (Gender + Size) against M8 yielded an extremely
small p-value (p = 1.23 x 10 ), showing that adding the Lake variable significantly improves model fit. This
means that food choice depends jointly on lake of capture, gender, and body size. Therefore, Model M8 is
the statistically preferred model and is used for prediction.

# final model:

# M8 <- multinom(y ~ Lake + Gender + Size, data

# M8 is already

# M8 <- multinom(y ~ Lake + Gender + Size, data

fitted:

data)

data)

# 1. Grab the coefficient matrixz for the non-baseline classes

B <- coef (M8)

##

## Invertebrate
## Reptile

## Bird

## Other

##

## Invertebrate
## Reptile

## Bird

## Other

(Intercept) LakeHancock LakeOklawaha LakeTrafford

0.1690702
-3.4161432
-2.4321397
-1.4309095

Size
-1.3361658
0.5571846
0.7300740
-0.2905697

-1.7805555
1.1296426
0.5754699
0.7667093

0.91304120
2.53024945
-0.55020075
0.02603021

1.155722
3.061087
1.237216
1.557820

GenderMale
.4629388
.6276217
.6064035
.2524299

o
O O O O

colnames(B) # should be: "(Intercept)" "LakeHancock" "LakeOklawaha" "LakeTrafford" "GenderMale" "Size"

## [1] "(Intercept)"

## [6] "Size"

# 2. Butld = for: Lake = Trafford, Gender

x <= c(
"(Intercept)"

=1,

"LakeHancock" = 0,

"LakeOklawaha"
"LakeTrafford"
"GenderMale" =
"Size" =1

=0,
=1,
1,

"LakeHancock"

= Male, Size

# make sure = ©s tn the same column order as B
x <- x[colnames(B)]

"LakeOklawaha" "LakeTrafford" "GenderMale"

1 (Bm > 2.3m)



# 3. Linear predictors (etas) for the non-baseline categories
eta <- as.numeric(B %*% x)
names (eta) <- rownames(B) # Invertebrate, Reptile, Bird, Other

# 4. Add Fish as the baseline (eta = 0)
eta_full <- c(Fish = 0, eta)

# 5. Convert to probabilities via softmaz
probs <- exp(eta_full) / sum(exp(eta_full))
probs

## Fish Invertebrate Reptile Bird Other
#it 0.3050677 0.1898476 0.1993457 0.1045097 0.2012292

To estimate the probability that a male alligator from Lake Trafford measuring over 2.3 meters (3 meters
long) prefers reptiles, I used my final multinomial model 8 M8, which included Lake, Gender, and Size
as predictors. Because the standard predict() function produced internal errors, I computed the predicted
probabilities directly from the fitted model coefficients using the softmax formula, which is mathematically
equivalent to the model’s prediction step. For this specific alligator (Lake = Trafford, Gender = Male, Size =
1), the model assigned approximately 20 percent probability of choosing reptiles as its primary food source,
with the remaining probability distributed among fish, invertebrates, birds, and other prey categories. This
value represents the model’s best estimate of reptile preference given the alligator’s characteristics.

10



