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Figure 10. Standardized abundance (Ind. 10-6 m-3) of combined day and night sampling of 
Cyclothone in the Northern Gulf of Mexico as a function of sampling program (MS = ONSAP and 
DP = DEEPEND). 
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Table 14. Change in standard abundance of Cyclothone over the sampling period. 

  Total Standard Abundance   

Species MS DP Percent 
Change 

Cyclothone obscura 32,881.59 8,537.10 -74 
Cyclothone pallida 96,555.90 42,947.27 -56 
Cyclothone acclinidens 11,027.89 5,311.45 -52 
Cyclothone alba 10,481.38 5,023.55 -52 
Cyclothone braueri 9,048.11 4,446.69 -51 
Cyclothone pseudopallida 15,901.44 11,131.86 -30 
Total 175896.307 77397.9695 -56 

 

 Cyclothone acclinidens standardized abundance decreased with depth across sampling 

periods (Figure 11), as shown by the interaction of depth and sampling period being a retained 

variable in the minimum adequate model (Figure 10).  

 
Figure 11. Prediction plot describing the modeled relationship of depth (depth bins) interacting 
with sampling period for Cyclothone acclinidens.  

Cyclothone pseudopallida standardized abundance was partially explained by the 

interaction of solar cycle and sampling period (Table 10). Cyclothone pseudopallida standardized 

abundance is predicted to decrease between trawls during the day and night for both sampling 

programs (Figure 12). 

Sampling Period 
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Figure 12. Prediction plot describing the model factor of solar cycle interacting with sampling 
period for Cyclothone pseudopallida.  

 

3.2. Cyclothone Size Variation 

 Cyclothone specimens collected during the two sampling programs ranged in size from 8 

mm to 61 mm (SL), with the majority of Cyclothone specimens collected between 20-40 mm SL 

(Table 15, Figure 13). Cyclothone obscura exhibited the largest range (8 – 61 mm) of sizes and 

the largest measured individual (61 mm), while the smallest range (8 mm – 32 mm) was from C. 

alba. Cyclothone braueri, C. pseudopallida, and C. obscura lengths were normally distributed, 

while C. alba, C. pallida, and C. acclinidens exhibited a  bimodal distribution (Figure 14).  

 

Table 15. Standard length (mm) measurements of Cyclothone species in the Gulf of Mexico, 
including minimum, maximum, mean, and standard deviation.  

Standard Length Measurements (mm) 
Species Minimum Maximum Mean 

Cyclothone obscura 8 61 32 (+/- 11) 
Cyclothone acclinidens 13 50 30 (+/- 5) 
Cyclothone pallida 10 60 29 (+/- 9) 
Cyclothone pseudopallida 10 50 29 (+/- 6) 
Cyclothone alba 8 32 22 (+/- 4) 
Cyclothone braueri 10 41 22 (+/- 3) 
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Figure 13. Standard length distributions of Cyclothone species collected in the Gulf of Mexico. 
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Figure 14. Size-frequency distributions of Cyclothone species collected in the Gulf of Mexico. 

 

ANOVA results indicated significant differences in the standard lengths of Cyclothone 

species.  Cyclothone braueri and C. alba had the smallest average lengths (22 mm and 22 mm, 

respectfully). The largest species was C. obscura (averaged 32 mm). The remaining species (C. 

pallida, C. acclinidens, and C. pseudopallida) all had intermediate average lengths (29 mm, 30 
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mm, and 29 mm, respectively). A Tukey test (Table 16) confirmed that there were three size groups 

of Cyclothone species. Group A, the smallest-bodied, comprised C. alba and C. braueri, Group B, 

the largest-bodied, comprised C. obscura, and Group C, the intermediate-sized species, comprised 

C. pallida, C. acclinidens, and C. pseudopallida. 

 

Table 16. Results from a Tukey test for the interactions between Cyclothone species to determine 
different size classes. 

Interaction p-value 

C. alba – C. acclinidens < 0.001 

C. braueri – C. acclinidens < 0.001 

C. obscura – C. acclinidens < 0.001 

C. pallida – C. acclinidens 0.453 

C. pseudopallida – C. acclinidens 0.086 

C. braueri – C. alba 0.999 

C. obscura – C. alba < 0.001 

C. pallida – C. alba < 0.001 

C. pseudopallida – C. alba < 0.001 

C. obscura – C. braueri < 0.001 

C. pallida – C. braueri < 0.001 

C. pseudopallida – C. braueri < 0.001 

C. pallida – C. obscura < 0.001 

C. pseudopallida – C. obscura < 0.001 

C. pseudopallida – C. pallida 0.598 

 

 Size variations were best predicted by different explanatory variables and their interaction 

with AIC values of a more simplistic model reflecting (Minimum Adequate Model, MAM) (Table 

17). All p-values of the selected terms were found to be significant (Table 18). Non-investigated 

variables are also responsible for the distribution of Cyclothone, as R2 values show the selected 

models do not fully explain all the data (Table 17).  
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Table 17. Minimum Adequate Model Negative Binominal GLM investigating which variables and 
their interaction best explain the size structure of Cyclothone in the Gulf of Mexico with AIC 
comparison to the full model.  

Species Minimum Adequate Model (MAM) MAM AIC Full Model AIC R2 

Cyclothone acclinidens Standard length = Water mass + Period + 

Water mass:  Depth : Solar Cycle + 

Sampling Period :Depth : Solar Cycle 

-4086.799 -4079.310 0.063 

Cyclothone alba Standard length = Depth + Water mass + 

Sampling Period + Sampling Period : 

Solar Cycle 

-2886.731 -2878.264 0.132 

Cyclothone braueri Standard length = Water mass + Period + 

Depth : Water mass + Depth : Sampling 

Period + Depth : Solar Cycle + Depth : 

Water mass : Sampling Period + Depth : 

Water mass : Solar Cycle 

-3266.688 -3269.252 0.122 

Cyclothone obscura Standard length = Depth + Water mass + 

Sampling Period + Solar Cycle + Depth : 

Water mass + Depth : Sampling Period + 

Water mass : Sampling Period + Depth : 

Water mass : Sampling Period : Solar 

Cycle  

-3921.169 -3921.169 0.366 

Cyclothone pallida Standard length = Depth + Water mass + 

Sampling Period + Solar Cycle + Depth : 

Water mass + Water mass : Sampling 

Period + Depth : Solar Cycle + Water 

mass : Solar Cycle 

-7127.629 -7116.092 0.158 

Cyclothone pseudopallida Standard length = Depth + Water mass + 

Sampling Period + Solar Cycle + Depth : 

Water mass +  Sampling Period : Solar 

Cycle 

-4696.350 -4697.058 0.208 
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Table 18. ANOVA p-value results from a Minimum Adequate Model Log-Normal GLM 
investigating which variables and their interaction best explain the standard length of Cyclothone 
in the Gulf of Mexico. 

Cyclothone acclinidens 

Water mass < 0.001 

Sampling Period < 0.001 

Water mass : Depth : Solar Cycle 0.007 

Sampling Period : Depth : Solar Cycle 0.016 

Cyclothone alba 

Depth 0.002 

Water mass < 0.001 

Sampling Period < 0.001 

Sampling Period : Solar Cycle 0.002 

Cyclothone braueri 

Water mass < 0.001 

Sampling Period < 0.001 

Water mass : Depth  < 0.001 

Sampling Period : Depth < 0.001 

Depth : Solar Cycle < 0.001 

Water mass : Sampling Period : Depth < 0.001 

Water mass : Depth : Solar Cycle 0.002 

Cyclothone obscura 

Depth < 0.001 

Water mass < 0.001 

Sampling Period < 0.001 

Solar Cycle 0.004 

Depth : Water mass < 0.001 

Depth : Sampling Period < 0.001 

Water mass : Sampling Period < 0.001 

Depth : Water mass : Sampling Period : Solar Cycle < 0.001 

Cyclothone pallida 

Depth < 0.001 

Water mass < 0.001 

Sampling Period < 0.001 


