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Útdráttur 

Frá september 2008 til janúar 2009 voru tveir hljóðnemar (Ecological acoustic 

recorders, EARs) staðsettir í Skjálfandaflóa til að nema hljóð í sjónum. Alls reyndust 

14381 einstök hljóð þorsks vera á upptökunum. Þorskhljóð samanstanda almennt úr 

mismunandi fjölda af rýtum. Í þessari rannsókn hófust rýtin venjulega á um 5 Hz 

sveiflutíðni og fóru upp í 200 Hz. Þau samanstóðu af stuttum púlsum, sem aðeins voru 

sjáanlegir á oscillogrammi. Mesta sveifluvíddin náði í öllum tilfellum sveiflutíðninni 

40 til 60 Hz og rýtin náðu sveifluvídd með orkunni 2000 mV. Eiginleikar 

þorskhljóðanna voru svipaðir en ekki nákvæmlega eins og þeirra hljóða þorsks sem 

áður hefur verið lýst. 

Fjöldi hljóða var mismunandi milli hljóðnemanna (eyrnanna tveggja, EARs), en hins 

vegar var marktækt samband á milli þeirra (rs=0,45, p<0,001) og samskonar ferill 

reyndist í virkni þeirra á rannsóknartímanum. Gögn frá fimm mismunandi 

athugunartímum voru borin saman og reyndist marktækur munur á meðalfjölda hljóða 

á hinum ýmsu athugunartímum. Pearson’s fylgni var hámarktæk (p<0,001, rP=0,3533, 

n=87) fyrir sambandið á milli framleiðslu hljóða og breytinga á stöðu sjávarfalla í 

Skjálfandaflóa. Þar að auki reyndist fylgni á milli hljóðamyndunar og annarra 

umhverfisþátta, svo sem vindhraða (p< 0,001, rp=0,123, n=2088) og skýjaþekju 

(p<0,001, rp=0,428, n=87). Tíðni hljóða jókst mjög í október en minnkaði síðan í 

nóvember og desember. Frekari aukning sást síðan í janúar. Ekki fannst munur á 

umfangi hljóða á mismunandi tímum dags. 

 

 

 

 

 

 

 



 

Abstract 

In September 2008 to January 2009, two Ecological acoustic recorders (EARs) were 

placed in Skjálfandi Bay in order to record marine sounds. In total 14381 single 

Atlantic cod sounds were detected in the recordings. Cod sounds in general consist of 

various numbers of grunts. The grunts in this study start usually at a frequency of 

around 5 Hz and go up to 200 Hz. They consist of pulses, which are very short in 

duration and only visible on an oscillogram. The highest amplitude was in all 

examined cases reached at a frequency level of 40 to 60 Hz and the grunts reached 

amplitudes with a power of 2000 mV. The Atlantic cod sound’s characteristics are 

similar but not identical to those described in earlier studies. 

The amount of recorded sounds between both EARs is different, they are however 

highly correlated (rs=0.45, p<0.001) and follow the same trend in activity in the course 

of the whole period. The data was divided into five research periods and a comparison 

of their means showed significant differences between single research periods. 

Pearson’s correlation was highly significant (p<0.001, rP=0.3533, n=87) for the 

relationship between sound production activity and intertidal changes in Skjálfandi 

Bay. Additionally a correlation between acoustic activity and other environmental 

factors such as wind speed (p< 0.001, rp=0.123, n=2088) and cloud cover (p<0.001, 

rp=0.428, n=87) was found. The frequency of sound production increased strongly in 

October and decreased again in November and December. Further increase in January 

had also been observed.  In addition no differences in the activity during the course of 

a day were found in this study. 
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1 Introduction 

Sound production for communication purposes is widespread in the natural 

environment. It is for example connected to the mating success of male water pipits 

(REHSTEINER, et al. 1998) and plays an important role in sexual selection (SEARCY & 

ANDERSSON 1986). In air, sound travels not as fast and not as far as in water. 

Therefore it is not a surprise that marine and fresh water animals are using this 

medium for communication as well. Since quite a long time, it has been well known 

that e.g. marine mammals produce various kinds of sounds for communication and 

sometimes navigation. In the 1950s the science world got to know the fact of sound 

production in fish (FISH 1952). Investigations on the physiology of sound production 

showed that fish e.g. the Atlantic cod (Gadus morhua), use a specific muscle (i.e. 

drumming muscle) on their swimbladder to produce sound (BRAWN 1961), which is 

quite similar to the sound produced by a base drum and is often called thumps or 

grunts. Further studies showed that Atlantic cod can produce sound on purpose. It has 

been shown that e.g. the mating success is connected to the size of the drumming 

muscle (ROWE & HUTCHINGS 2008).  

The Atlantic cod is located in colder waters and deep regions throughout the Northern 

Atlantic and eastern and western regions of the Pacific (SOBEL 1996). The 

International Union for Conservation of Nature and Natural Resources’ (IUCN) Red 

list of threatened species classifies Gadus morhua as partly vulnerable and therefore to 

be observed carefully. Investigations on the behaviour and the stock structure provide 

the basis for the preservation of Atlantic cod as Iceland’s economically most important 

fish stock. For example JÓNSDÓTTIR, et al. (2006) focused on the stock structure of 

Icelandic cod based on otolith chemistry.  

Apart from that, non-invasive methods provide information about the biology of Atlantic cod 

in general such as responses to spawning based behaviour, predators and biological factors 

(MARTEINSDÓTTIR & BJÖRNSSON 1999, SCHACK 2008, SKJÆRAASEN et al. 2004). ARNOLD et 

al. (1994) investigated spawning movements of Atlantic cod in relation to the tidal streams in 

the southern North Sea successfully and therefore probable decisive effects on the acoustic 

activity should be considered too. Furthermore it is interesting whether Icelandic cod’s 

movement in the bay is also influenced by wind or the availability of sunlight. Acoustics can 

describe the occurrence of cod sounds over a long period and is therefore the first step to 

long-term examinations on the movement of cod in Skjálfandi Bay. 

Although numerous experiments (e.g. FUDGE et al. 2009, ROWE & HUTCHINGS 2006, 

FINSTAD & NORDEIDE 2004) have emphasised the importance of research on sound 

production in cod, little attention has been paid to the use of bioacoustics as a long-term 

method to investigate the behaviour of wild Atlantic cod in Iceland. The aim of this project is 

therefore to examine the sound production activity within a fall and winter period and to look 

for patterns, which could be linked to environmental factors. Furthermore physical 

information of the sound has been measured and compared to former studies. 
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2 Materials and Methods 

Acoustic Recordings 

Two seabed mounted ecological acoustic recorders (EARs) were deployed in 

Skjálfandi Bay (Figure 1). Both units were deployed within fishing free zones. EAR 1 

was placed on a hilltop at 65 m depth (66°03.02’N, 17°39.84’W) and EAR 2 at a slope 

at ca. 62 m depth (66°05.941’N, 17°25.25’W). The two units were separated by ca. 

12.5 km and thus considered independent sampling stations. The recordings of EAR 1 

and EAR 2 started in the beginning of September 2008 and ended in the beginning of 

February 2009. Due to unstable and rough weather conditions during the winter, both 

units could not be retrieved at the same time. 

Figure 1.  Map of Skjálfandi Bay, Iceland; D1E1=EAR 1, D1E2=EAR 2; © Google Maps 

The EAR is a microprocessor-based autonomous recorder. The system uses a Sensor 

Technology SQ26-01 hydrophone with a response sensitivity of -193.5 dB that is flat 

(±1.5 dB) from 1 Hz to 28 kHz (LAMMERS et al. 2008). Each EAR was programmed 

to record for 1 minute every 15 minutes at 64 kHz sampling rate. The sampling rate 

was later reduced to 5 kHz appropriate for fish sounds. The recordings were then 
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digitally modified suitably for fish sound and to observe regular patterns in the sound 

production activity of Atlantic cod. 

To locate cod sounds within the recordings the program ISHMAEL (Integrated System 

for Holistic Multi-channel Acoustic Exploration and Localization; © 1999-2001 

David K. Mellinger) was used. ISHMAEL is able to detect tonal sounds via 

parameters that can be modified individually by the user. The frequency range was set 

from 20 to 80 Hz with a minimum sound duration of 0.25 s. 

In total 15523 wave-files were recorded by EAR 1 and 13974 files by EAR 2 and scanned by 

ISHMAEL. A MATLAB™-based program was used to check the detections manually and 

to analyse the sound’s physical information. All detections were checked visually and 

acoustically and non-cod sounds were sorted out. The sounds were assumed as Atlantic cod 

sounds with the help of online available templates (http://www.ocean-

sounds.com/eng/gallery/) and the information on Atlantic cod sound characteristics in e.g. 

FINSTAD & NORDEIDE (2004), FUDGE & ROSE (2009), NORDEIDE & KJELLSBY (1999). The 

detections of Atlantic cod were stored in log files, provided with additional information such 

as time, date and duration of the detected sound. 

Dataset 

A dataset was created, which contained the activity in sound production of Atlantic 

Cod in Skjálfandi Bay in the course of the whole research period. Due to requirements 

for calculations in R–2.10.1 (R DEVELOPMENT CORE TEAM 2010) the dataset was 

divided into five research periods, 29 days each (Table 1). This approach additionally 

provides equal amount of data for both EARs. 

Table 1. List of the research periods 

Period Start (midnight) Stop (midnight) 

1 2008-09-04  2008-10-02  

2 2008-10-03  2008-10-31  

3 2008-11-01  2008-11-29  

4 2008-11-30  2008-12-28  

5 2008-12-29  2009-01-26  

Further analyses were done in R. The two datasets (EAR 1 and EAR 2) were 

compared using F-test and Wilcoxon rank-sum test, a nonparametric test to compare 

means, because of significantly unequal variances. Moreover Spearman correlations 

were done to compare the two EARs and Pearson’s correlations in order to find a 

significant relation between cod’s acoustic activity and intertidal changes, as well as 

wind speed and sky cover in Skjálfandi Bay. Finally a GLM was created to explain the 

variance in the sound production activity.  

The tidal dataset was provided by the Icelandic Maritime Institution for the periods 3, 

4 and 5. Examinations on the relation of wind and sound production and of sunlight 

availability and sound production were based on data provided by Veðurstofa Íslands. 
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3 Results 

In total 1535 Atlantic cod sounds were detected in the recordings of EAR 1 (D1E1) 

and 12846 in those of EAR 2 (D1E2).  

The sounds which were detected by ISHMAEL are groups of single grunts, alone or in 

a row, which are produced by Atlantic cod using the drumming muscle on its 

swimbladder. These grunts are the basic units of Atlantic cod’s sound production.  

The highlighted sound in Figure 2 for example, consists of 11 grunts in a row (Figure 3). The 

grunts start usually at a frequency of around 5 Hz and go up to 200 Hz and consist of several 

subunits, pulses, which are very short in duration and only visible on an oscillogram. 

The highest amplitude is in all examined cases (n=21) reached at a frequency level of 

40 to 60 Hz and the grunts reach amplitudes with a power of ~2000 mV (Table 2). 

Table 2.  Physical characteristics of 21 randomly picked Atlantic Cod grunts 

n=21 Low 

frequency 

[Hz] 

High 

frequency 

[Hz] 

Peak 

frequency 

[Hz] 

Peak 

amplitude 

[dB] 

Duration [s] 

mean 5.955 195.323 49.849 93.040 0.085 

min 0.000 111.396 45.255 83.814 0.077 

max 21.932 310.886 55.122 98.682 0.090 

Figure 2. Spectrogram of three typical cod sounds 
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Figure 3. Spectrogram and oscillogram of the single grunts of the highlighted sound in Fig. 2; 

measurements of the highlighted grunt  

The amount of sound of both EARs differs significantly in means (Wilcox rank-sum 

test; p<0.001), they are however highly correlated (rs=0.45, p<0.001) and follow the 

same trend in sound production activity in the course of the whole research period 

(Figure 4; Figure 5). Comparisons of the five periods’ means showed significant 

differences between single research periods, which indicates that the sound production 

activity of wild Atlantic cod is somehow patterned (Figure 4).  

Figure 4. Means of sounds per hour of EAR 1 and EAR 2 in each research period 
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Figure 5. Box and whiskers plots of the sounds per hour of every research period 

The box and whiskers plots (Figure 6) show no obvious difference between the 

single hours in the course of a day. Due to the fact that for the whole research 

period the amount of sounds at EAR 1 was very small, the medians are close to 

zero. Although EAR 2 recorded a much higher sound production activity, the 

medians are still close to zero. Moreover there is no obvious trend in sound 

production during the course of a day.  

Figure 6. Box and whiskers plot of sounds per hour in the course of a day 

Further analyses also showed that there is a tendency that tidal changes could have an 

effect on the occurring activity. It can be assumed that Atlantic cod is active in sound 

production, when the magnitude i.e. difference between high and low tide, changes 

from relatively small to high (three boxes in Figure 7). 
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Figure. 7. Comparison of three, in sound production high active, short-time periods (blue boxes) of the 

Atlantic cod with absolute tide level 

Since the amount of sounds of EAR 1 and EAR 2 is highly correlated only the data of 

EAR 2 was used for the statistics. For the research periods 3, 4 and 5 the means of 

sounds/hour per day were calculated. The altitude of tide in Skjálfandi Bay had been 

measured every ten minutes from 1
st
 November 2008 until 26

th
 January 2009 24 hours 

every day. For the statistics the tide altitude of every clock hour was used and the 

means calculated for every day of the research periods 3 until 5. A Pearson’s 

correlation could not clarify the influence of tidal changes on Atlantic cod, but a 

simple plot of both datasets (Figure 8) suggested increasing sound production activity 

on an average while average tidal heights were decreasing. 

The tide data was transformed via: 

 

and the results were used to correlate with the sound activity data. The transformation 

was necessary to set a single data in relation to its neighbours. This smoothing 

provided the possibility of correlating the fluctuating magnitude of tide and the sound 

production activity. Pearson’s correlation was highly significant (p<0.001, rP = 0.3533, 

n = 87) and from a plot of the transformed data (Figure 8) an analogous trend for the 

activity and the tide data can be observed too. Coefficient of determination (R²) is 

0.125 and therefore 12.5% of the variance can be explained through the variable tide. 
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Figure 8. Plot of the three datasets, containing sound activity and tidal changes; D1E2 is the dataset 

based on the recordings of EAR 2 

In addition, two days of high sound production activity were compared to the absolute 

tide level in order to find a connection between tide and sound production activity on a 

daily basis, but no obvious relation could be found (Figure 9). 

Figure 9. Comparison of two figures where the upper describes the sound production activity from 10
th

 

to 11
th

 November 2008 and the lower describes the absolute tide level in the same period. 

The possible effects of wind speed on the acoustic activity of the Atlantic cod were 

also investigated. For the period 1
st
 November 2008 until 26

th
 January 2009 the sound 

production activity of Atlantic cod was compared to the wind speed in this area in two 

different approaches. The first approach (Figure 10) compared the activity in sounds 

per hour to the wind speed measured every hour. Pearson’s correlation (p< 0.001, 

rp=0.123, n=2088) is highly significant in this approach, nevertheless only 1.4% 

(R²=0.0014) of the variance can be explained through the variable wind speed. 
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Figure 10. Comparison of two figures where the upper describes the sound production activity and and 

the lower describes wind speed through the course of the period. 

The second approach was done by comparing the average activity and the average 

wind speed (Figure 11). Pearson’s correlation (p< 0.05, rp=0.237, n=87) is much less 

significant in this approach, but still significant and even a higher percentage of the 

variance can be explained (R²=0.056).  

Figure 11. Comparison of average sound production activity and average wind speed 

(at Mánarbakka) 

Furthermore the relation of Atlantic cod’s activity in sound production to the 

availability of sunlight was examined, also in two approaches. Firstly the average of 

sounds per hour was compared to the average sky cover (Figure 12). The sky cover 

had been classified at hours 6:00, 9:00, 15:00, 18:00, 21:00 and 24:00 every day 

within the period of 1
st
 November 2008 until 26

th
 January 2009. The mean of the 

categories was calculated for every day. Pearson’s correlation of the average activity 

and the average sky cover is highly significant (p<0.001, rp=0.428, n=87). With 

R²=0.183 more than 18% of the variance in sound production activity can be explained 

by this variable. 
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Figure 12. Comparison of average sound production activity and average sky cover (at Flatey á 

Skjálfanda) 

Secondly the activity was compared to the sky cover in another approach in order to 

avoid that patterns are wiped out because of using averages. The main interest in this 

examination laid on the availability of sunlight in the bay. During the winter time the 

period of daylight in the north of Iceland is very short and starts around 11 a.m. and 

ends around 3 p.m. at the 21
st
 December. Because of this the second approach is based 

only on the sound production activity from 8 a.m. to 4 p.m. The activity from hours 8, 

9 and 10 were summed up and compared to the cover categories at 9 a.m. Those from 

hours 13, 14 and 15 were summed up as well and compared to the cover categories at 

3 p.m. (Figure 13). 

Figure 13. Comparison of sound production activity and sky cover at 9 a.m. and at 3 p.m.; every data 

point (n=87) is one day of the research period (01.11.2008 – 26.01.2009). 

The sound production around 9 a.m. is very similar to the one around 3 p.m. (Figure 

13), which was shown before (Figure 6). Interesting, however, is the fact that a sound 

production above 20 grunts within 3 hours was observed (with one exception) only 
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when sky cover was greater than 7. This result strengthens the results of the 

correlation done before and it can be assumed that the data has not been falsified 

through the data processing. 

The three environmental factors (intertidal changes, wind speed and sky cover) were 

furthermore used to generate a General Linear Model (GLM) which describes the 

sound production activity of Atlantic cod in Skjálfandi Bay by those variables. With 

R²=0.3676, 37% of the variance can be explained via: 
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4 Discussion 

The Atlantic cod sound’s characteristics are similar but not identical to those earlier 

described, for example, by HAWKINS (1993) and FINSTAD & NORDEIDE (2004). 

FINSTAD & NORDEIDE described their recorded grunts with a much lower frequency 

maximum and longer time duration. Moreover several examinations of the 

spectrograms of the original recordings with a sample rate of 64 kHz lead to the 

conclusion, that cod sounds can reach frequencies up to 2.5 kHz and probably more. 

Peak frequencies and number of pulses of the present study fit into the physical 

characteristics of grunts described by FUDGE & ROSE (2009). Their recordings were 

done at the Bar Haven grounds in Placentia Bay, Newfoundland. Nevertheless the 

actual voltage of cod grunts is far below of what has been measured in the recordings 

of Skjálfandi Bay. Those however are very similar to the results of the study by 

NORDEIDE & KJELLSBY (1999), even though they examined sound production of 

spawning cod.  

Apart from physical characteristics one of the main goals of this investigation was to 

examine, the cod’s sound production activity in relation to environmental factors in 

Skjálfandi Bay. BRAWN (1961) described a seasonal trend in the sound production 

activity of Gadus callaris L., which is quite similar to the seasonal trend in the activity 

of Gadus morhua (Figure 4). The frequency of sound production increased both, in 

BRAWN’s (1961) study and in this study, strongly in October and decreased again in 

November and December. Another increase in January had only been observed in this 

study. According to MARTEINSDÓTTIR et al. (1999) the spawning period of Atlantic 

cod in Iceland starts approximately in the beginning of March and varies strongly 

between years and cod individuals. Since the research period of this study lasts from 

September to January the high frequency of sound production in October is not 

because of spawning activities. BRAWN (1961) referred the increasing frequency as a 

sign of strong agression in autumn. Given that a similar activity trend in sound 

production occurs both in water tanks (previous study) and in the wild (this study) it 

might be argued that the increase in October is due to environmental factors.  

In addition no differences in the activity during the course of a day were found in this 

study, even though former studies (FINSTAD & NORDEIDE 2004, BRAWN 1961) have 

shown that the sound production of Atlantic cod varies strongly during the day. 

BRAWN (1961) for example observed sound production only during daylight, FINSTAD 

& NORDEIDE (2004) however claimed the highest activity during the night. However, 

both observations were done in tanks with artificial light.  

The correlation of the activity data, gained from the recordings, and the data which 

describes tidal trends, wind and availability of sunlight in Skjálfandi Bay turned out to 

be highly significant. The change of tides in the bay has a significant influence on the 

variance in the data. The same was observed with wins speed and sunlight availability. 

Those factors seem to have an important influence on the sounds production activity. 
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Given that BRAWN has shown that temperature has significant influence on cod’s 

sound production it is not surprising that Icelandic cod reacts to yet other 

environmental influences: tide, wind and sunlight. It is up for discussion, whether the 

correlations are a coincidence or a sign. Nevertheless both EARs, which have been 

regarded as independent, are following the same trend on both sides of the bay. It can 

be argued that tide has an influence on feeding of the cod, which is piscivore, but a 

previous study by CLEMENTS & CHOAT (1993) on the herbivorous  Butterfish (Odax 

pullus) in New Zealand showed no evidence of tidal influence on diet composition. 

Previous studies on tidal influences on Atlantic cod’s feeding are as far as we know 

missing. Of course the causality of tide on the sound production of Atlantic cod has 

not been proved yet, but the present report shows that there is at least a relation 

between oceanic water movements and the Atlantic cod’s sound production activity.  

The General Linear Model however could explain nearly 40% of the data’s variance 

on the basis of the three discussed variables, whereby the three variables are 

independent i.e. not auto-correlated and highly significant factors in the correlation 

matrix. Because of this it can be assumed, that all three environmental factors are 

related to the sound production activity of the Atlantic cod. 
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