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Figure 5.1. Map of the analysis regions for this study: Coastal North, Central and 

South; Inner Shelf North, Central and South; Mid Shelf North, Central and South, 

and Outer Shelf.  See Chapter 4 for additional details.  Source for Florida land and 

bathymetry: Florida Fish and Wildlife Conservation Commission, 2012.  Source for 

other land: Price, 2012.    

 

 

In order to investigate the variation in sound production over the spatial scale 

of regions (Figure 5.1) and the temporal scales of 3-hour diel bins and 3-month 

seasons, a General Linear Model (GLM) was conducted in SPSS (version 20.0.0, IBM 

Software, New York, NY).  In order to investigate the diel patterns of sound 

production in more detail, G-tests were used to determine if the diel sound 

production (of different sound types) varied significantly from even distribution 

within each region per season.  As this involved conducting a large number of tests, 

Bonferroni corrections were applied.  G-tests and Bonferroni corrections were 

performed in Excel (Version 2010, Microsoft, Redmond, WA). 
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Results 

 

Thirteen DSG recorders from 13 stations were recovered in 2008, and 27 

recorders from 24 stations were recovered in 2009 (several recorders were switched-

out mid study, Figure 5.2), resulting in 134,992 acoustic files totaling 270 hours 14 

minutes of recording.  Additional details of recovered DSG recorders can be found in 

Chapter 4. 

 

 

Figure 5.2. Map of recovered DSG recorders from 2008 and 2009-2010 deployments.  

Boundaries of analysis regions shown in Figure 5.1 are shown in grey outline.  

Source for Florida land and bathymetry: Florida Fish and Wildlife Conservation 

Commission, 2012.      
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Most dolphin sounds were classified as whistles and echolocation.  Burst-

pulses and LFN sounds were uncommon relative to whistles and echolocation, but 

present at low levels throughout the study.  Sounds classified as “other low 

frequency” were rare, and were therefore omitted from analysis.   

The results of the GLM are found in Table 5.1.  Spatial variation (regions) had 

the most explanatory value in the variation of all four categories of sounds, followed 

by seasonal change.  Time (diel period) had the least explanatory value in variations 

in sound production.  For whistles, region had the most explanatory value; however, 

season and time (diel period) were still significant.  Variation in echolocation and 

burst-pulses were mostly explained by region, but also with season and not with 

time (diel period).  Variations in LFN sounds were only significantly related to region.     

The regional and seasonal variations in sound production (normalized 

detection rates) are illustrated in Figure 5.3.  Because burst-pulses and LFN sounds 

were detected infrequently in comparison to whistles and echolocation, their 

detection rates are difficult to see in Figure 5.3.  Therefore, burst-pulses and LFN 

sounds alone are plotted in Figure 5.4.   
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Table 5.1. Multivariate test results of GLM for region, season and time on normalized 

acoustic detection rates, “*” = statistically significant, α = 0.05. 

 

Source Sound type F p Observed 

Power 

Corrected 

Model 

Whistles 7.019 <0.001* 1.00 

Echolocation 9.835 <0.001* 1.00 

Burst-pulses 4.593 <0.001* 1.00 

LFN sounds 1.373 0.130 0.91 

Intercept Whistles 242.669 <0.001* 1.00 

Echolocation 148.698 <0.001* 1.00 

Burst-pulses 41.953 <0.001* 1.00 

LFN sounds 9.509 0.002* 0.87 

Region Whistles 11.740 <0.001* 1.00 

Echolocation 20.162 <0.001* 1.00 

Burst-pulses 6.795 <0.001* 1.00 

LFN sounds 1.999 0.047* 0.82 

Season Whistles 8.717 <0.001* 1.00 

Echolocation 2.733 0.013* 0.87 

Burst-pulses 2.386 0.029* 0.81 

LFN sounds 0.963 0.450 0.38 

Time Whistles 2.748 0.009* 0.91 

Echolocation 1.381 0.213 0.58 

Burst-pulses 1.036 0.406 0.45 

LFN sounds 0.738 0.640 0.32 

Type III Sum of Squares 

Error Whistles 22636.1 

Echolocation 53394.8 

Burst-pulses 2560.8 

LFN sounds 251.8 

Total Whistles 58556.4 

Echolocation 123172.2 

Burst-pulses 3783.9 

LFN sounds 294.3 

Corrected 

Total 

Whistles 34468.5 

Echolocation 92502.0 

Burst-pulses 3436.6 

LFN sounds 277.5 
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Figure 5.3. Normalized detection rates (y-axis, detections/km2/hr) for echolocation, 

whistles, burst-pulses and LFN sounds over the study period.  Inset of map of 

regions (Figure 5.1) included for reference. 
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Figure 5.4. Normalized detection rates (y-axis, detections/km2/hr) for burst-pulses 

and LFN sounds only.  Inset of map of regions (Figure 5.1) included for reference. 
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By comparing the ordinate axes in Figure 5.3, an overall spatial pattern in 

whistle and echolocation detection rates can be observed, where higher detection 

rates were found in the inner shelf (especially central) and coastal regions.  The 

lowest sound detection rates were found in the outer shelf region.  In coastal 

regions, data were too sparse to infer any seasonal patterns.  On the inner shelf, 

there were spring – summer peaks in echolocation and whistles; however, whistles in 

the inner shelf north remained at high values from summer 2009 until the end of the 

study.  The whistle and echolocation detection rates for inner south central were 

higher than the equivalent periods to the north and south.  In the mid shelf regions, 

there was an overall increase in sound detections in spring and summer 2009.  In 

mid shelf central, this peak in sound production continued through the fall and winter 

(no spring 2010 data).  Mid shelf south had additional peaks in echolocation 

detections in spring 2008, and large peaks in both whistle and echolocation 

detections in spring 2010, which were not observed in the mid shelf north region.  

Detection rates for whistles and echolocation were generally higher in the mid shelf 

north in comparison to mid shelf central and south.  In the outer shelf region, 

detections of whistles and echolocation were lowest in spring seasons (2009 and 

2010), while summer, fall and winter values were much higher (especially winter 

whistle detections). 

Inspection of the ordinate axes in Figure 5.4 also indicated an overall trend 

for burst-pulses and LFN sound detection rates to decrease with increasing distance 

from shore, although no LFNs were detected in either coastal region.  Again, the data 

were too sparse in the coastal regions to determine seasonal trends; however, the 

highest detection rate for burst-pulses in the study occurred in summer 2008 in the 

coastal north region.   In the inner shelf regions, both burst-pulses and LFNs seemed 

to peak in spring and / or summer months, similar to whistles and echolocation 

(Figure 5.3).  The increases observed in LFN and burst-pulse production in fall 2009 
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in the inner shelf north region is similar to the pattern observed in this region for 

whistles and echolocation; however, a large increase in burst-pulses in the winter 

was observed.  Patterns were not clear in the mid shelf regions, probably as 

detection rates were very low; however, generally detection rates were highest in 

the warmer months.  In both the inner shelf central and mid shelf central regions, 

burst-pulses had higher detection rates than in regions to the north or south, while 

for LFNs the inner shelf central and mid shelf central regions had lower detection 

rates than regions to the north and south.  LFN sounds were barely detected in both 

the mid shelf central and outer shelf regions.  The outer shelf region had a fall 2009 

peak in the burst-pulse detection rate.  

The plots in Figures 5.3 and 5.4 also illustrate that the proportion of any 

given sound type is variable.  In order to determine the relative sound production of 

each sound type, the variations of sound production are presented as the proportion 

of each sound produced in Figures 5.5 – 5.11.   
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Figure 5.5. Proportion of total sound detection for whistles, echolocation, burst-

pulses and LFN sounds for each region in spring 2008.  Inset of map of regions 

(Figure 5.1) included for reference. Blank regions indicate no data collected. 
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Figure 5.6. Proportion of total sound detection for whistles, echolocation, burst-

pulses and LFN sounds for each region in summer 2008.  Inset of map of regions 

(Figure 5.1) included for reference. Blank regions indicate no data collected. 
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Figure 5.7. Proportion of total sound detection for whistles, echolocation, burst-

pulses and LFN sounds for each region in spring 2009.  Inset of map of regions 

(Figure 5.1) included for reference. Blank regions indicate no data collected. 

 


