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Table 3.2: Available acoustic survey data 

Summer 
Year February March July 

.. _-------_ .. _------- "-- ----- --.--
1995 
1996 X 
1997 X X 
1998 X 
1999 

Winter 

.0ygust . September 
X X 

X 
X 

Table 3.2 shows that the monthly distribution of the horse mackerel data (SA) is not 

regular in its seasonal coverage. 

3.3. Results 
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Figure 3.2: Annual mean integrator densities (SA) in til
l /nm2 (5 nm = 1 data point) of 

the acoustics data versus SST data from 1995 to 1999 for both species combined. 

30 

Figure 3.2 shows the dispersion of the data versus SST for each year. For example 

1996 is only sampled during summer and 1995 only during winter. Two surveys per 

year is the minimum sampling to explore seasonal effects (and therefore a separate year 

effect) . The above figure shows that both seasons were not sampled in the same year. 
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Two different patterns are visible in most of the years (Figure 3.2): the cool pattern 

defined with mean temperatures below 20°C and the warm pattern with mean 

temperatures above 21 DC. The period between 1995 and 1996 was coincidently 

considered by Bianchi et (If. (1997) and Gammelsrod et al. (1998), as a period of warm 

environmental conditions in the area. 
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Figure 3.3: Pooled monthly mean integrator densities (SA) in m 2/nm 2 (5 nm = 1 data 

point) of the acoustics data versus SST data from 1995 to 1999 for both species. 

Figure 3.3 shows different relationships between echo density and sea surface 

temperature which may be due to seasonal sampling effects. There is also bias in the 

sampling due to differences in spatial coverage. In July there is lack of sampling in the 

"warm" northern region compared to August. This last point may be made with a 

cartographic display (Figure 3.4). Most of the surveys were conducted in winter and 

usually from south to north. Sometimes cruises started at the end of July and continued 

through August (Figure 3.4), and in one case the cruise started in August and crossed 

over into some days of September. Since in some cases a single survey was performed 
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over consecutive months, it would not make sense to look for a month effect and to 

separate a single survey into two months. Thus, it is better to investigate a seasonal 

effect by pooling months for the same season. 

March July August September 

Figure 3.4: Spatial sampling for each month (all years) 

3.3.1 Model 3.1: Echo density (SA) of the horse mackerel species combined in 

relation to environmental and other factors over the entire coast of Angola 

Figure 3.5a shows standard deviations plotted against means for the year effect in the 

model before (left) and after (right) transformation (the other variables are not shown 

because they have fewer categories (::; 4) so that the relationship between standard 

deviation and means is difficult to discern). To check the normality assumption, 
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observed versus expected probability plots are shown before (left) and after (right) log 

transformation of SA values (Figure 3.5b). 
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Figure 3.5: a) Means versus standard deviation values for the year effect before (left) 

and after (right) log transformation of echo densities (SA) and b) observed versus 

expected before (left) and after (right) log transformation of SA values. 

Results of the overall GLM for horse mackerel density are shown in Table 3.3. Also 

shown is the order in which the terms were removed sequentially from the model (Table 

3.4). These terms were either not significant (F-test) or contributed less than 10% of the 

7 r. 

Note that the season variable was not included in the model and omitted from further 

analyses because there were missing cells in the design when it was included as an 

interaction. 
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