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Diel écholocation activity of harbour porpoises (Phocoena 
phocoena) around North Sea offshore gas installations

Victoria L. G. Todd, W illiam D. Pearse, Nick C. Tregenza, Paul A. Lepper, and Ian B. T odd

Todd, V. L. C., Pearse, W. D., Tregenza, N. C., Lepper, P. A., and Todd, I. B. 2009. Diel écholocation activity of harbour porpoises (Phocoena 
phocoena) around North Sea offshore gas installations. -  ICES Journal of Marine Science, 66: 734-745.

Echolocation clicks o f harbour porpoises (Phocoena phocoena) w ere d e tec ted  w ith T-PODs, au tonom ous, passive, acoustic-m onitoring  
devices, deployed from  an offshore-exploration-drilling-rig and  gas-production-platform  com plex in th e  Dogger Bank region o f th e  
N orth  Sea from  2005 to  2006. Echolocation-click trains were categorized in to  four phases o f th e  diel cycle: m orning, day, evening, 
and  night. Porpoises were p resen t near (< 2 0 0  m ) th e  platform , and  th ere  was a p ron o u n ced  diel p a tte rn  in écho location  activity; 
th e  n u m b er o f porpoise en co u n ters  (visits) was greater by n ight th an  by day. The n u m b er o f click trains w ith a m inim um  in ter
click interval o f < 1 0  m s also increased a t  night. This was confirm ed by a com parison o f th e  ratios o f  feeding buzzes to  search- 
phase clicks (feeding buzz ratios) and  an analysis o f th e  changes in pulse-repetition  frequencies w ithin each train . A reasonable 
in te rp reta tio n  o f th is p a tte rn  was th a t  porpoises were feeding below o r a ro u n d  th e  platform  a t night. The evidence for changes in 
activity during  th e  m orning and  evening was less clear, so these  m ay be transitional phases. The p a tte rn  o f  porpoise-echolocation  
behaviour a ro u n d  th is platform  is related m ost probably to  th e  diel activity o f  th e ir prey. If porpoises c luster regularly a round  
such installations w ithin 500-m shipping exclusion zones, they  m ay be o m itted  from  population  surveys. W e conclude th a t  offshore 
installations m ay play an im p o rtan t role as nocturnal porpoise-feeding sta tions in an overfished environm ent, b u t th a t  fu rther repli
cated  and  contro lled  stud ies are required. These findings should  be taken  in to  consideration  during  offshore-installation-decom m is
sioning decisions in th e  N orth Sea.
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Introduction
The harb o u r porpoise  (Phocoena p. phocoena) is the  m ost widely 
d istribu ted  cetacean in  European waters (Reid et ah, 2003). They 
forage frequently  a ro u n d  inshore and  con tinen tal-shelf areas, 
including reefs, straits, and  gullies, where waters are cool, tidal 
flows are o ften  strong, and aggregations o f  prey are concentrated  
(W atts and Gaskin, 1985; Johnston  et al., 2005; Goodw in, 2008). 
Acoustic research o n  the  écholocation behaviour o f  porpoises 
has therefore focused o n  inshore populations (e.g. C arlström ,
2005), usually in  sum m er w hen the  w eather is m ore clem ent, or 
on  w eather-independent, captive anim als (see Nachtigall et al., 
1995, and  references therein). O ur understand ing  o f  the  écholoca
tio n  behaviour o f  free-ranging h a rb o u r porpoises rem ains lim ited, 
however, and  there are curren tly  no  published data  o n  their off
shore écholocation patterns.

H arbour porpoises are no t seen generally in  anything m ore 
than  a Beaufort Sea State 2 (Teilmann, 2003), and they spend a 
lim ited am oun t o f  tim e at the surface (W estgate et al., 1995). These 
factors, coupled w ith their small size, barely visible blow, and

undem onstrative surface behaviour, m ake them  am ong the m ost dif
ficult cetacean species to  detect visually. Porpoises are highly vocal 
animals, however, and wild individuals in  Danish waters have been 
show n to  produce sonar-click trains o n  average every 12.30 s 
(Akam atsu et al., 2007a). They can, therefore, be  surveyed acousti
cally, which has the advantages o f  gathering autom ated 24 h  data 
in  weather o r  sea-state conditions that lim it the effectiveness o f  
visual observations, and independently  o f  individual observer skills.

Porpoise-echolocation  clicks are relatively sho rt and  tonal 
(Schevill et al., 1969), em itted  in  a narrow  beam  w id th  (16° in 
the  vertical and horizon tal plane; Au, 1999) w ith d o m inan t 
narrow -band, h igh-frequency click com ponents w ith in  1 1 0 - 
150 kH z (M ohl and Andersen, 1973; V erboom  and Kastelein, 
1995, 1997; Au, 1999; T eilm ann et al., 2002; V illadsgaard et al., 
2007). Porpoise-click du rations range from  61 to  300 ms 
(V erboom  and Kastelein, 1997; T eilm ann et al., 2002). Clicks can 
be em itted  singularly o r in  groups know n as trains.

T he écholocation  signal-repetition  rate reflects the  tim e-scale at 
w hich an  anim al gathers in fo rm ation  ab o u t its environm ent
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(Kastelein et al., 1995). In  som e captive odontocete  species, 
including ha rb o u r porpoises, there is a linear correlation 
betw een écholocation  pulse intervals and target range (Thom as 
and  Turl, 1990; Au, 1993, Verfuß et al., 2005). Porpoise click- 
repetition  rates du ring  an  écholocation series reach a peak in  accel
erando o r “b u rst pulsing” as the  anim al arrives close to the target 
(Schevill et al., 1969), ak in  to  the  “term inal buzzes” regularly 
observed in  echolocating bats (Griffin, 1958). The term  “buzz”, 
however, was n o t in troduced  to  odontocete  b iosonar u n til recently 
(M iller et al., 1995). D eterm ination  o f  a successful prey-capture 
event in  echolocating bats has been successfully achieved using a 
com bination  o f  infrared film ing techniques, to  observe any devi
a tion  from  norm al flight associated w ith a feeding buzz, and  sim 
ultaneous recording by a ba t detector (Todd and  W aters, 2007). 
For free-ranging odontocetes, however, underw ater film ing o f 
d iu rnal prey-capture a ttem pts is, at best, extrem ely difficult and 
at night practically im possible. In  the  wild, therefore, w ithout 
the  aid o f  visual observations, correlation  betw een buzz activity 
and  feeding success should  n o t be assum ed a priori w ithou t exper
im ental evidence, because a high buzz rate could just, in  theory, 
m ean  th a t m ore  effort is p u t in to  cap turing  the  sam e am o u n t o f 
prey. Nonetheless, it is plausible that using acoustics alone, a 
proxy o f  po ten tial feeding activity could  be inferred by  exam ining 
the  relative incidence o f  rising click rates, em itted  du ring  range- 
locking écholocation behaviour, and  the  associated decreasing 
interval betw een clicks, know n  as “inter-click  intervals (IC Is)” 
(C arlström , 2005). A lthough this assum ption  is based on  little 
experim ental evidence to  date, a link  betw een feeding and  ICI 
has been dem onstra ted  for foraging B lainvillei beaked whales 
(Mesoplodon densirostris), w hich produce distinct click types 
m atched to  different phases o f  écholocation (Johnson et al.,
2006). Sim ilar results have been  reported  for trained  porpoises 
du ring  o rien ta tion  and  prey capture  in  controlled, sem i-natural 
conditions using synchronized video and  high-frequency sound  
recordings (Verfuß et al., 2002).

There are huge gaps in  o u r knowledge o f  the offshore d istri
b u tions o f  h a rb o u r porpoises, particularly  in  rem ote  regions o f 
the  N o rth  Sea. A lthough oil and gas installations could  facilitate 
cetacean studies as platform s o f  o p p o rtu n ity  in  such areas, the  po l
itically sensitive na tu re  o f  their operations and  associated publicity  
has m ean t th a t scientists are rarely perm itted  access. M any off
shore N o rth  Sea oil and  gas activities are located w ith in  the 
Dogger Bank candidate Special Area o f  C onservation (cSAC) 
and  po ten tial M arine P rotected  Area. The Dogger Bank is an  
extensive, isolated shoal o f  subm erged glacial m oraine  in  the 
central N o rth  Sea situated  w ith in  the 200-nautical m ile zones or 
Exclusive E conom ic Zones o f  G erm any (eastern end), UK, the 
Netherlands, and  D enm ark, o r  in  som e cases, b o th  o f  these areas 
(see G ubbay et al., 2002, for m ore  in form ation).

Offshore installations can act as artificial reefs, and  their three- 
d im ensional structure, w hich can extend vertically dow n the entire  
w ater colum n, is effective in  aggregating benthic, dem ersal, and 
pelagic fish (Stanley and  W ilson, 1991), along w ith a great diversity 
o f  o ther m arine  life (Carlisle et al., 1964; Shinn, 1974; W olfson 
et al., 1979; G uerin  et al., 2007). M oreover, in  the  N o rth  Sea, 
fishing is no t p e rm itted  w ith in  the 500-m  exclusion zone a round  
each installation, fu rther enhancing the  properties o f  these 
“reefs” as refuges for m arine life.

In  1986, the  N ational M arine Fisheries Service (NM FS) devel
oped a rigs-to -reef policy in  the G ulf o f  M exico based o n  the  cre
ation  o f  artificial reefs from  decom m issioned offshore installations

left in situ. A lthough the rigs-to-reefs concept has no t yet been 
adop ted  in  the N o rth  Sea, there  have been  a few isolated studies 
there  (e.g. Soldai et al., 2002; G uerin  et al., 2007). W orldw ide 
rigs-to -reef studies have focused m ostly  on  quantifying aggrega
tions o f  m arine  life such as fish and  invertebrates, b u t none  to 
date has considered the  po ten tial o f  offshore installations as fora
ging habitats for m arine  m am m als. W e hypothesized that areas in 
the  near vicinity  and  betw een the  legs o f  such structures m ight 
serve as reefs for po ten tial prey o f  h a rb o u r porpoises in  otherw ise 
significantly overfished or d istu rbed  parts o f  the  N o rth  Sea.

W ith in  the  offshore oil-and-gas industry, personnel access to 
installations is costly and  restricted to helicopter o r boa t access. 
There is, therefore, an  increasing tendency for operato rs to 
create unm anned , shore-contro lled  platform s, and  the  use o f 
au tonom ous m o n ito ring  techniques is encouraged. H arb o u r 
porpoise-echolocation  behaviour has been studied  successfully 
using underw ater, au tonom ous, click-tim ing detectors called 
T-PO D s (Tougaard et a l ,  2003, C arlström , 2005, M adsen et a l,
2006). T-PO D s are deployed m anually, b u t they  can be set to 
record  for extended periods w ithou t the  need to  dow nload data. 
Both visual and  acoustic observations have show n porpoises to 
be present all year-round  near exploration-drilling-rig  and  gas 
p latform s in  rem ote areas o f  the  open  N o rth  Sea (Todd et a l,
2007). This w ork has also show n th a t the  sh o rt-term  activity o f 
porpoises is unaffected by  ro u tin e  oil-and-gas operations such as 
drilling, tender-boat operations, and cem enting and  casing.

Between 2004 and 2006, as pa rt o f  a larger environm ental 
im pact survey, we gained a rare o p p o rtu n ity  to  access an  explora
tio n  drilling rig towed betw een two sites and  one gas-production  
p latform  in  the  Dogger B ank region, to  establish, using T-PODs, 
w hether porpoises were present a ro u n d  the  installations. The 
w ork  was undertaken  un d er restricted perm issions, tim e, logisti
cal, and financial conditions. W e were n o t perm itted  access to 
o th er installations o r m oorings in  the  area, n o r were we allowed 
to  access the  area before the  exploration  drilling. W e were no t 
able to  undertake replicated w ork, a lthough this was n o t a com 
parative study, and we m ade n o  assum ptions o n  w hether porpoises 
were a ttracted  to  installations. The objectives o f  the  T -PO D  study 
described here were to  (i) determ ine w hether porpoises were 
present a round  offshore installations, (ii) exam ine any patterns 
in  the  diel écholocation activity, and (iii) a ttem p t to  classify écho
location  activity in to  foraging activity using various click-train 
properties as proxy feeding indicators. D ata o f  this na ture  are 
restricted usually to in ternal reports and are b o u n d  by strict 
client confidentiality, so this is a rare o p p o rtu n ity  to  present 
these data  to  the  w ider scientific com m unity. As far as we can 
ascertain, this is the  first acoustic study  o f  porpoises a ro u n d  off
shore installations to be published.

Material and methods
Study locations an d  tim ing
Two pilot studies and a field trial were perform ed from  N orth  Sea off
shore installations operating under the jurisd iction  o f  the oil-and-gas 
b ranch o f  BASF (W intershall AG) in  the N ortheast “Entenschnabel” 
G erm an Sector o f  the Dogger Bank (Figure 1). Pilot study 1 was 
undertaken over 12 d  (1 5 -2 6  Decem ber 2004) from  the “jackup” 
drilling rig Noble Kolskaya in  sector B4-05 located at 
55°40'94.203"N 004°05'23.810"E. All B4-05 T-PO D  observations 
took  place during  a “waiting o n  weather” period w hen the operators 
were waiting for the w ind and wave heights to  subside before the rig
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Figure 1. Location of sectors A 6-B 4 (A 6 -A  platform), B4-05, and 
B11 -0 4  in the  German sector of the  North Sea. The lightest grey 
bathym etry region delineates the  30-m contour.

was m oved to its next location. The Noble Kolskaya was then  jacked 
dow n and towed w ith tugs to  sector B ll-0 4  (55°24'57.000"N 
004°32'03.000"E), where a 24-d pilot study was undertaken from  6 
to  29 January 2006. B ll-0 4  was located 41.56 km  from  B4-05 at a 
bearing o f  137.60°. The longer term  trial was undertaken from  
the A6-A gas-production platform , which has been in  position 
(55°47'28.895"N 003°59'39.584"E) in  natural-gas field sector 
A6-B4 since July 1999. A6-A was located 12.48 k m  from  B4-05 at a 
bearing o f  321.10°, and 53 .75km  from  B ll-0 4  at a bearing o f 
331.40°. D uring  the m onito ring  period, the Noble Kolskaya was posi
tioned and fixed alongside A6-A at its southern  end to  drill a new 
well. M onitoring  at A6-A took  place over a six-m onth  period from  
30 July 2005 to 27 January 2006. In  chronological order, the two 
pilot studies and the trial are referred to  as B4-05, B ll-0 4 , and 
A6-A. Detailed analysis o f  the pilot studies’ data is om itted  from  
this m anuscript, because o f  their short deploym ent duration  and 
poor weather conditions; however, we present comprehensive 
analysis o n  the A6-A dataset.

It is im p o rtan t to  n o te  th a t all these observations were based o n  
an  area w here porpoises have a long h istory  o f  exposure to  activity 
and  noise from  o th er installations and shipping. P rio r obser
vations from  B4-05, undertaken  over six days in  D ecem ber 2004, 
counted  53 vessels, including traffic from  passenger ferries, 
ocean liners, cargo carriers, coastguard, naval and  fishing vessels, 
and  offshore-installation su p p o rt vessels, the  last o f  w hich often 
rem ained alongside for several hours.

Installation an d  site descrip tion
The Noble Kolskaya has a typical triangular-shaped barge hull, w ith 
a deck area o f  1765 m 2 and three  legs at 53.95 m  spacing. The

Figure 2 . A schematic depicting the  Noble Kolskaya fixed on to  the 
southern end of the  A 6 -A  gas production platform and the  T-POD 
deploym ent locations and depths.

overall length o f  the hull was 69.25 m , w ith a m axim um  centre- 
dep th  o f  8.55 m . W hen  in  sector B4-05, the rig was located in  a 
w ater dep th  o f  40 m  o n  a seabed o f  very soft clay and  a heading 
o f  135°. The seabed and  dep th  (42 m ) o f  the  Noble Kolskaya's 
second location  (B ll-0 4 )  were sim ilar to  B4-05 o n  an  identical 
heading. The sites can n o t be viewed as identical replicates, 
a lthough various features (e.g. rig specifications, rig activities, 
depth , heading, and  b o tto m  type) were exactly alike o r  similar. 
A6-A was situated  in  a w ater dep th  o f  47.80 m  on  a seabed also 
com posed o f  very soft clay and  sand on  a heading o f  180.30°. 
The p latform  had  a typical six-legged steel construction  w ith a 
base area o f  1015 m 2. The p latform  was 52 m  long and  33 m  
wide. The A6-A Kolskaya com plex is illustrated in  Figure 2.

T he sem i-d iurnal tidal heights a ro u n d  all three  locations were 
predicted  using POLTIPS-3 for W indow s®  (P roudm an  
O ceanographic L aboratory Tidal In fo rm ation  and  Prediction  
Software). We received h indcast-m odelled  w eather and hydro- 
graphic data (e.g. significant wave height) generated by the 
European Centre for M edium  W eather Forecast (ECM W F) that 
were g ro u n d -tru th ed  to  local-buoy em pirical data  (also provided 
by ECM W F). Em pirical in situ installation  observations were 
logged by the  crew every 3 h.

Logging harbour-porpo lse  activity
A detailed descrip tion  o f  the  T-PO D s and  associated software, 
including a m anual for da ta  acquisition  and  analysis, can be 
found  at h ttp ://w w w .chelon ia .co .uk . T -PO D  functionality  and 
settings are reviewed com prehensively in  T hom sen  et al. (2005), 
T ougaard et al. (2005), Ph ilpo tt et al. (2007), and  Kyhn et al. 
(2008).

T he T -PO D  com prises a hydrophone, an  analogue processor, a 
digital tim ing/logg ing  system, and analysis software (TPOD.exe) 
th a t filters the da ta  for porpoise  clicks autom atically, after they 
have been transferred to a PC. T-POD s log the  tim es and  duration , 
to  10 pus resolution, o f  clicks resem bling the écholocation  o f  p o r
poises. TPOD.exe th en  identifies and classifies trains o f  clicks 
w ith in  the  logged data. Trains are also p roduced  by  boat sonars

Seabed

A6-A

Air gap 27.5 m 
lo m ezzanine deck

W ater depth 
47.8 m

http://www.chelonia.co.uk
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and  can arise by  chance from  random  sources o f  clicks. This 
process o f  click-train  recognition  filters o u t n o n-porpo ise  clicks 
and  gives reliable data  o n  the  presence o f  the anim als and o f 
their écholocation behaviour.

Train recognition and classification
Click trains are identified by  reference to a probability  m odel o f  a 
train , in  w hich a p -value is ascribed to  each elem ent based o n  the 
prevailing rate o f  occurrence o f  elem ents and the  offset from  an 
estim ated tim e for each elem ent th a t is derived from  a localized 
au tocorrela tion  function . This algorithm  favours trains th a t are 
regular and  occur against a quiet background. A set o f  num erical 
descriptors o f  the tra in  is com pared w ith a set derived from  exten
sive real-w orld T -PO D  field data collected by  the  m anufacturer, in 
w hich the  presence o r absence o f  different noise o r tra in  sources is 
know n  for the deploym ent context, e.g. deploym ents in  zones o f 
intense surface o r sedim ent noise th a t are know n to con tain  no 
cetaceans and w hich provide large sam ples o f  “chance” trains 
th a t arise in  the  absence o f  any actual tra in  source. Datasets 
from  unobserved deploym ents are used in  this process by  exam in
ing the clustering o f  trains, because actual cetacean encounters 
typically p roduce m ore th an  one tra in  detection.

Trains are classified in to  CetH i (h igh-probability  cetacean 
trains), CetLo (low -probability  cetacean trains), doubtfu l trains, 
very doub tfu l trains, and  b oat (fixed rate) sonar trains (see 
Thom sen  et al., 2005, for a full defin ition  o f  the  various cat
egories). The click tra in  and classification-récognition process 
in troduces som e predictable biases th a t have been verified in 
actual data. The largest biases are th a t shorte r and  slower trains 
are less likely to  be classified as having a high probability  o f 
arising from  a cetacean encounter. This is because they  are less 
im probable as chance events, o r because they entail a greater risk 
o f  misclassification, because their in fo rm ation  con ten t is too  low 
to  allow reliable classification at higher levels. This m eans that 
the  T -PO D  system does n o t have a com pletely uniform , ICI sensi
tivity. O verlapping trains are som etim es identified by  this process 
and  are either a ttribu tab le  to  m u ltipath  p ropagation  or, less often, 
arise from  different anim als. T hey are no t identified autom atically  
by  the software as overlapping trains, and  because visual exam in
ation  o f  the  da ta  does n o t show  them  to be  either com m on  or 
unevenly d istributed , we have n o t analysed them  separately.

Train identification  does no t recognize trains crossing the end 
o f  a scan unless the  pa rt w holly w ith in  one or each scan m eets the 
criteria. This results in  tra in  du rations being shortened, b u t the 
effect is n o t large, because logged trains are o n  average m uch  
shorte r th an  scans. Logged trains are also m uch  shorter th an  
trains em itted  by  the  anim al, because they represent only those 
fragm ents o f  a tra in  th a t are detectable as the narrow  beam  o f 
the  porpo ise’s sonar sweeps across the  hydrophone.

The detection  software T-POD .exe v8.17 was used to  classify 
recorded click tim es, to  assess m o n ito ring  perform ance in  field 
conditions, and  to  optim ize settings before long-term  deploym ent. 
For porpoise  detection, we used the  default, n o rm al sensitivity set
tings. This enabled us to m ain tain  identical settings th ro u g h o u t a 
wide range o f  environm ental conditions, such as a m oving substra
tu m  or a h igh-frequency surface noise (e.g. rain, en tra ined  air in 
waves du ring  storm s, o r cooling-w ater outlets), w hich could 
have created excessive num bers o f  false detections. This fu rther 
avoided the  m asking o f  tra in  detection  by  non-cetacean clicks 
and  the  possibility o f  filling up  the  m em ory  during  long periods 
o f  deploym ent.

Table 1. T -P O D s fu n c tio n  b a se  o n  th e  o u t p u t  o f  th e  tw o  b a n d p a s s  
filters.

Version 3 T-PODs (iden tifica tion  n u m b ers  406, 407, 408, an d  409)
Scan 1 2 3 4 5 6
T arget A filter 130 130 130 130 130 130

frequency  (kHz)
Ref. B filter 90 90 90 90 90 90

frequency  (kHz)
Selectivity ratio 5 5 5 5 5 5

(A /B )
A In teg ra tion  period Short Short Short Short Short Short
B In tegration  period Long Long Long Long Long Long
M inim um  Intensity 6 6 6 6 6 6
Scan lim it no. clicks 160 160 160 160 160 160

logged
îrslon 4 T-PO D  (Identification  
Scan 1

n u m b e r 516)
2 3 4 5 6

T arget A filter 130 130 130 130 130 130
frequency  (kHz)

Ref. B filter 92 92 92 92 92 92
frequency  (kHz)

Click b an d w id th 4 4 4 4 4 4
Noise ad ap ta tio n ++ ++ ++ ++ ++ ++
Sensitivity 6 6 6 6 6 6
Scan lim it no. clicks 240 240 240 240 240 240

logged

T-PO D s function  by  com paring  the  o u tp u t o f  the two bandpass 
filters A and  B (Table 1). The target filter (A) was set to  the  fre
quency o f  the  porpoise  clicks, and  the  reference filter (B) to 
an o th er frequency know n to  con ta in  the  least energy w ith in  a 
click. T-PO D s scanned six tim es per m inu te  targeting 130 kH z 
for porpoise  clicks. H igh bandw id th  values (e.g. 5) ad m it sounds 
o f  b road  bandw id th , th a t are spread across a wide spectrum  o f 
frequencies. Low values (e.g. 4) only adm it sounds th a t have a 
lo t o f  energy at the target frequency com pared  w ith the  reference 
frequency. Values o f  3 are extrem ely restrictive, and adm it only 
highly tonal clicks, and values o f  6 are weak and  ad m it a lo t o f 
noise. B andw idth 4 was therefore chosen because it preferentially 
adm its porpoise  clicks over do lph in  clicks. This key param eter sig
nificantly affects detection  perform ance, so the  bandw id th  was no t 
altered th ro u g h o u t all T -PO D  trials, to  m ain ta in  uniform ity . O n 
the  V4 T-POD , the no ise-adap tation  level was set to  “+ + ”, 
w hich is the n o rm al operational setting. This m eant th a t the 
energy passing th rough  the  reference filter lowers the effective 
value o f  the  bandw id th  setting. The V3 T-PO D s operate w ith a 
fixed bandw id th  setting, the “ra tio ” setting. The term  
“m in im u m  in tensity” o n  V3 T-PO D s is essentially the  sam e as 
the  term  “sensitivity” on  the  V4 T-POD . In tensity /sensitiv ity  
operates o n  a 15-point scale, w here 10 is the n o rm al operational 
setting. After a review o f  trial data, we set the in tensity /sensitiv ity  
to  6, and  m ain tained  it constan t on  all T-PODs. All T-PO D s were 
set to  exclude logging click du rations o f  <  10 m s to  avoid filling up  
the  m em ory  w ith  short tonal pulses o f  non-cetacean origin.

T-POD deployment
For p ilo t studies 1 and  2 (in  sectors B 4 -0 5  and  B l l - 0 4 ,  respect
ively), three  V3 T-PO D s— alternations o f  T-PO D s 406, 407, 408, 
and  409— were suspended w ith in  the w ater co lum n from  the 
Noble Kolskaya barge, above each o f  the  three  legs. The T-POD s 
were deployed at depths o f  10, 25, and  35 m, respectively. P rio r
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trials had  found  th a t shallower deploym ents had  a tendency for 
w ind-induced  currents to carry  them  in to  the  legs, and  deeper 
T -PO D  deploym ents tended  to  interact w ith  the  rig’s “spud 
cans” (the feet), w hich had no t fully penetrated  the  seabed. This 
m ooring  configuration  therefore had the added advantage o f 
sam pling the  w hole w ater colum n, because no  assum ptions were 
m ade abou t porpoise  u tilization  o f  the  th ree-dim ensional space 
aro u n d  offshore installations. All T-POD s were assum ed to  be 
able to  m o n ito r the  entire  region a round  the installation, 
because T ougaard et al. (2006) showed, th rough  com parison  o f 
sim ultaneously sam pled T -PO D  and visual observation  data, 
th a t in  som e cases T -PO D  detection  o f  porpoises was possible 
o u t to  a range o f  >  300 m , w ith  an  effective detection  range o f 
~ 7 0  m . For the  T ougaard et al. (2006) case, for an  average water 
d ep th  o f  6 m , the  16° vertical beam  w id th  o f  the  anim al w ould 
effectively fill the  w ater co lum n for ranges m ore th an  22 m . In  
o u r study, however, w ith an  average water d ep th  o f  ca. 48 m , the 
sam e an im al’s vertical beam  w idth  w ould provide a fo o tp rin t 
ju st 20 m  high at a range o f  70 m , the  effective detection  range 
n o ted  by  T ougaard et al. (2006), i.e. ~ 4 2 %  o f  the  to ta l water 
colum n. This w ould m ean  that, depending  on  T -PO D  position  
in  the  w ater colum n, the  anim al could  swim either above or 
below  it and  rem ain  undetected . Therefore, for the deeper 
env ironm ent in  this study, the  effective detective range w ith in  a 
specific detection  probability  is lower th an  th a t no ted  by 
T ougaard et al. (2006). The feasibility o f  detection  o f  an  on-axis 
anim al o u t to  300 m , however, is likely to  be similar.

For the  A6-A platform  trial, three  T-PO D s were also deployed. 
These were a lternations o f  V3 T-PO D s 406, 407, and  408, along 
w ith a new V4 T -PO D  516. The choices o f  deploym ent location 
were relatively lim ited o n  the A6-A, because o f  various 
health-and-safety requirem ents and the presence o f  two cooling- 
water outlets betw een the legs at the n o rthern  and sou thern  ends 
o f  the platform , w hich generated high-frequency noise that had pre
viously interfered w ith the T-PO D s’ click-train detection ability.

Each T -PO D  was equipped w ith 128 MB RAM and  12 x  3.4 V 
D-cell alkaline batteries, which, depending o n  écholocation 
activity and  background  noise, generally ensured au tonom ous 
m o n ito ring  operation  for ~ 2  m onths. Every 4 - 5  weeks, the 
T -POD s were retrieved and the  logged data  dow nloaded o n to  a 
laptop PC (Sony Vaio VGN-S1XP, PG C-6C1M , Tokyo, Japan). 
D-cells were subsequently  replaced and  T-PO D s re-deployed. At 
no  p o in t were all T-PO D s recovered sim ultaneously, ensuring  a 
con tinuous m o n ito ring  dataset.

Indicators o f porpoise activity
O nly CetH i trains were analysed, w hich is the designation 
TPOD.exe uses for trains m ost likely to  have been  p roduced  by 
the target species. The da ta  for each porpoise  tra in  were exported 
from  T-POD .exe in to  M icrosoft Excel™  for analysis. We used four 
indicators o f  porpoise  écholocation behaviour th a t each m easured 
d ifferent aspects o f  activity and, as a consequence, there  was no 
statistical bias in  investigating correlations betw een the indicators.

Encounter rate
The encoun ter rate is the  nu m b er o f  écholocation encounters 
m easured per hour, where an  encounter is defined as a group  o f 
trains th a t are separated by  periods o f  silence w ith a m in im um  
d u ra tio n  o f  10 m in , after C arlström  (2005). The encoun ter rate 
(encounters per h) was calculated as the nu m b er o f  porpoise 
encounters divided by  the m ean  d u ra tio n  o f  each diel phase

m ultip lied  by  the nu m b er o f  recording days:

E ncounter rate  (enco u n ters /h o u r)

to ta l nu m b er o f  encounters in  diel phase 
m ean  length o f  diel phase (hours) x  recording days

M in im um  ICI
A descrip tion  o f  the m in im u m  ICI (M ICI) per tra in  is given in 
C arlström  (2005) and  P h ilpo tt et al. (2007). An M ICI o f 
< 1 0  m s was used as a proxy ind ication  o f  porpoise-feeding 
activity, as per the C arlström  (2005) study.

Feeding-buzz ratio
Feeding-buzz ratio  (FBR) is a term  borrow ed from  bat literature 
(e.g. V aughan et al., 1996; Turner, 2002). These were generated 
by  d ividing the n u m b er o f  trains w ith M ICIs o f  < 1 0  m s by 
those w ith M ICIs o f  > 1 0  m s for each diel phase. A value > 1  
w ould  indicate th a t a greater p ro p o rtio n  o f  porpoise  trains have 
ICIs <  10 ms, indicative o f  po ten tial feeding, and vice versa.

Pulse-repetition frequency
A lthough the pu lse-repetition  frequency (PRF) and the ICI are 
each o th er’s reciprocal, we use the  term  PRF here as a m easure 
o f  the  rate at w hich écholocation  clicks were being em itted  
w ith in  each train , and  as such this m easure is d istinct from  the 
M ICI. W e studied  the p ro p o rtio n  o f  a click tra in  th a t contained 
decreasing ICI values, i.e. a greater p ro p o rtio n  o f  trains contain ing  
increasing PRF values, because a greater p ro p o rtio n  o f  trains w ith 
increasing PRFs w ould indicate a decreasing distance betw een the 
porpoise and its target (prey), signifying a possible feeding 
a ttem pt. PRFs were analysed to  verify w hether the use o f  the 
M ICI was a reliable estim ate o f  feeding a ttem pts in  porpoises.

Diel classification
Porpoise trains were categorized by a custom -w ritten com puter 
algorithm  in to  four diel phases (m orning, day, evening, and 
night), by  com parison w ith civil twilight and sun-state tables 
from  the US Naval Observatory (h ttp ://w w w .usno .navy .m il/) -  
see Figure 3. Technical definitions for precise rise, set, and twilight 
are explained on  the USNO site at h ttp ://w w w .usno.navy.m il/ 
U SN O /astronom ical-applications/astronom ical-inform ation- 
center/rise-set-tw i-defs. The effects o f  the lunar cycle were no t con
sidered. The algorithm  revealed the diel phase in  w hich a train  was 
detected and sorted the trains by whether they had an  M ICI o f  
< 1 0  ms, a proxy indicator o f  feeding behaviour.

Night M orning Day Evening N ight

xO"2 x  s u n r i s e ) > x  < ( 2  x  s u n s e t ) - \
Vçivil tw il ig h t s ta n / Z e i  v il tw il ig h t e n d /

Figure 3. A graphical representation of the  assignment of the  diel 
phase. The start and end of each phase was calculated using the 
formulae shown inside each oval, with values, and civil twilight 
definitions, taken from the  US Naval Observatory.

http://www.usno.navy.mil/
http://www.usno.navy.mil/
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Statistical analysis
Statistical tests were perform ed  using SigmaStat v.3.1 (Systat soft
ware Inc., CA, USA). D ata from  each T -PO D  were analysed separ
ately for all M ICI calculations. All tra in  datasets were 
non-norm ally  d istribu ted  (K o lm ogorov-S m irnov  tests, p  <  
0.05), and logarithm ic and arcsine transform ations failed to n o r
malize the  data. N on-param etric  K ruskal-W allis, one-w ay 
ANOVAs, w ith the  appropria te  post hoc tests, were therefore 
em ployed to assess significant differences for the  indicators o f 
porpoise  activity. For the  PRF analysis, m o rn in g  and  evening diel- 
phase da ta  were excluded, because prelim inary  analysis had 
found  these periods to  be transitional (see Results section 
below ). Spearm an’s rank-o rder correlations betw een M ICI and 
the  percentage o f  the  tra in  in  w hich the M ICI was decreasing 
and  K ruskal-W allis, one-w ay ANOVAs o f  diel phase vs. the 
percentage o f  decreasing ICIs per tra in  (w ith post hoc 
D u n n ’s tests) were perform ed. For the  A6-A data, however, each 
T-PO D  deploym ent was treated  as a replicate, and  K ru sk al- 
W allis ANOVAs o f  the encoun ter rates in  each diel phase were 
employed.

Results
Tidal heights and  curren ts at all three  locations were m in im al 
(0.5 m  and  0 .5 1 -1 .0 3  m  s- 1 , respectively), because o f th e  installa
tio n s’ p rox im ity  to an  am ph id rom ic  po in t, i.e. a position  w ith in  a 
tidal system w here the tidal range is alm ost zero, in  the  G erm an 
Bight. The tidal currents in  all three  areas ran  w ith the  directions 
largely constrained to  080° flood and  24 0 -2 9 0 ° ebb. A t all three 
locations, local surge, w ind, wave, and  installation-induced cu r
rents betw een the legs were also observed.

Pilot stud ies B4-05 an d  B11-04
The m o n ito ring  periods at b o th  locations were plagued by  bad 
weather. At B4-05, data from  T-PO D s 406, 407, and  409 were 
too  few to be analysed statistically (n =  20 click trains in  total). 
T he rem aining T -PO D  408 logged 31 porpoise  encounters 
du ring  a to ta l o f  23 570 m o n ito ring  m inutes (16.37 d). At 
B ll-0 4 , T -PO D  407 developed a hardw are fault during

deploym ent and ceased logging after l i d .  T -PO D  409 was lost 
w hen its m ooring  line was severed by  a supply-vessel’s propeller. 
N onetheless, T-PO D s 407 and 408 logged 128 porpoise encounters 
du ring  a to ta l o f  62 142 m o n ito ring  m inutes (43.15 d).

Trial 1: A6-A
All T-PO D s logged 2479 porpoise encounters du ring  a to ta l o f 
756 369 m o n ito ring  m inu tes (525.26 d). Figure 4 shows a solar 
p lo t o f  the  m o n ito ring  period  at A6-A, w ith the  four curves repre
senting the  transitional changes betw een each phase.

Encounter rate
Significantly m ore porpoise  encounters were recorded at night 
(K ruskal-W allis, one-w ay ANOVA o n  ranks, d.f.=3, H  =  8.638, 
p  =  0.035). All post hoc, pairwise, m u ltip le-com parison  p ro 
cedures (Tukey m ethod) revealed this difference to  exist betw een 
n igh t and day (p  <  0.05).

M in im um  ICI
From  Figure 5, it is clear that the  m edian  M ICI was shorter at 
night. This result was significant th ro u g h o u t all T -PO D  deploy
m ents (K ruskal-W allis, one-w ay ANOVA, p  <  0.001; all post 
hoc, pairw ise, m u ltip le-com parison  procedures, H o lm -S id ak  
m ethod , are illustrated in  Figure 5). The shortest ICI in  the 
en tire  dataset was 0.74 ms.

Feeding-buzz ratios
Figure 6 shows th a t a large p ro p o rtio n  o f  n o ctu rna l click trains had 
M ICI values o f  <  10 m s and  hence an  FBR o f  >  1 (K ruskal-W allis 
ANOVA, H  =  13.194, p  <  0.005, all post hoc, pairwise, m ultiple- 
com parison  procedures, Tukey m ethod).

Pulse-repetition frequency
Figure 7 shows the  change in  PRFs over the diel cycle. Patterns 
in  PRF decrease w hen approaching sunrise, and increase after 
sunset. PRFs followed the  sam e p a tte rn  as M ICI, in  th a t there 
was a significant negative correlation  betw een M ICI and 
percentage o f  the  tra in  in  w hich ICI was decreasing (increasing 
PRF) for all T -PO D  deploym ents (Spearm an’s rank  o rder
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Figure 5. Trial 3 (A 6-A ) MICIs and interquartile ranges. The shapes refer to post hoc Dunn's tests th a t gave significant results a t the level p <  
0.05: squares, day vs. night; circles, morning vs. night; triangles, evening vs. night; diamonds, day vs. evening; rhomboids, morning vs. evening.
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Figure 6. Trial 3 (A 6-A ) FBRs calculated as the  num ber of trains with MICIs of < 1 0  ms divided by the  num ber of trains with intervals of 
> 1 0  ms, in each diel phase. The symbols refer to  post hoc Tukey tests th a t gave significant results a t the p <  0.05 level: squares, day vs. night; 
rhomboids, morning vs. day. Note th a t during the morning phase, T-POD 408 revealed only feeding buzzes, so a ratio could no t be calculated.

correlations: T -PO D  406: r = — 0.52, p  <  0.0001, n =  5644; 
T -PO D  407: r =  -0 .5 5 4 , p  <  0.0001, n =  4445; T -PO D  408: 
r =  -0 .3 9 2 , p <  0.0001, n =  795; T -PO D  516: r =  -0 .5 3 4 , 
p  <  0.0001, n =  2301).

There was a significant increase in  porpoise  PRFs du rin g  the 
n ight com pared w ith the  day (f-test, t  =  7.257, d.f. =  16, p  >  
0.001). There were also significantly m ore trains con tain ing  an  
increase in  FBR at night th an  by  day (M a n n -W h itn ey  ran k  sum  
test, T  =  197, p  =  0.007).

Discussion
There was a significant varia tion  in  all the  investigated écholoca
tio n  variables w ith in  the  diel cycle. The overall results support 
the views th a t (i) porpoises are present at the  offshore installations 
or, a t least, w ith in  a few h u n d red  m etres o f  them , (ii) there is a 
p ronounced  diel p a tte rn  in  écholocation activity, and  (iii) a

reasonable in te rp reta tio n  o f  this p a tte rn  is that porpoises are 
feeding at n igh t below  o r a ro u n d  the platform . They may, in 
fact, be  in  b o th  areas.

Each o f  the independent measures o f the écholocation activity was 
correlated, indicating a coherent fingerprint to  écholocation beha
viour that is consistent w ith the possibility that this represents 
increased feeding activity. Although a correlation between low ICIs 
on  T-POD recordings and feeding behaviour has no t been verified 
experimentally, if  we assume this relationship is plausible, then  the 
MICI, FBR, and PRF data suggest that around  these installations, 
porpoises m ay allocate a greater p roportion  o f  their écholocation 
to target-locking and inferred feeding attem pts by  night than  by 
day. PRF analysis w ould then  support the use o f  M ICI as a potentially 
reliable indicator o f  target-locking behaviour. This research cannot 
prove per se that the M ICI is a reliable indicator o f  feeding behaviour 
in  porpoises; however, we can conclude at the very least that it is a
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useful indicator o f  the presence o f  a certain type o f  train, though 
further evidence involving independent inform ation about the 
behaviour o f  the porpoises, from  cameras, tim e-depth  recorders or 
similar instrum ents, is needed to establish the link to feeding.

There were clear diel écholocation  patterns observed du rin g  the 
A6-A trial, and  day-to -n igh t distinctions were clearer w hen 
m o rn in g  and  evening phases were excluded from  proxy feeding 
analyses, as also found  by  C arlström  (2005). The m o rn ing  and 
evening could be inferred as transitional o r changeover phases, 
w hen porpoises m ay have left and arrived at the  installations, 
respectively. Alternatively, porpoises m ay have taken a significant 
quan tity  o f  prey by  night, th rough  to  the  m orn ing , gradually 
becom ing sated by daylight, o r perhaps prey availability 
dim inishes, a lthough  there  m ay be som e supplem entary  feeding 
du ring  these periods (A m ano et al., 1998).

A review o f  d iurnal rhythm s in  Cetacea (Klinowska, 1986) in d i
cates som e diel patterns in  feeding behaviour for m ost species, b u t 
it is still no t clear w hether these patterns are related to circadian 
rhythm s, external cues (e.g. lig h t/lu n a r cycles), diel activity in 
their prey species, o r to  som e com binations o f  these factors. 
M oreover, m uch  o f  the literature confuses the  term  “d iu rn a l” 
w ith “diel”, w hen in  fact the  form er term  should  be taken to 
m ean  “daily” and the  latter to  the  24 h, n ight-tim e, daytim e 
cycle. A lthough there  are no  a priori reasons to  expect diel patterns 
to  be the  sam e for all porpoises a ro u n d  the  w orld and  at all tim es 
o f  the year, the  overall diel patterns observed here agree essentially 
w ith those o f  C arlström  (2005), w ho reported  that the rate o f 
h a rb o u r porpoise  écholocation encounters, M ICI per train , and 
p ro p o rtio n  o f  trains w ith M ICI <  10 m s all peaked at n ight and 
were at their m in im a by day. C arlström ’s (2005) data  were gath
ered from  a single PO D  (v .l)  m oored  at 40 m  in  the  Sound o f 
M ull (Scotland). Sim ilar diel patterns have also been reported  
for wild porpoises in  the  Bay o f  Fundy, Canada, by  Cox et al. 
(2001) from  a POD, version n o t specified bu t, according to 
C arlström  (2005), an  earlier m odel th an  the  v .l m oored  10 m  
deep du ring  a p inger-p layback-and-contro l experim ent. Those 
au thors reported  h igher porpoise echolocation-detection  rates at 
n ight th an  by  day, for b o th  playback and con tro l conditions. 
Conversely, Cox and Read (2004) later rep o rt th a t four PODs 
(version n o t specified), also stationed in  the  Bay o f  Fundy, 
recorded a h igher écholocation  rate, nu m b er o f  clicks recorded 
per h, and écholocation occurrence, p ro p o rtio n  o f  10 s intervals

during  w hich clicks were detected per hour, by  day th an  by 
night. The last study, however, was carried o u t a round  chem ically 
enhanced and  contro l gillnets in  a m itigation  experim ent, and  m ay 
n o t be indicative o f  wild porpoise écholocation  behaviour in 
general. M oreover, the influence o f  tide  o n  porpoise  activity has 
been  dem onstra ted  in  the  Bay o f  Fundy (Johnston et al., 2005), 
and  indeed elsewhere (e.g. P ierpoint, 2008), and m ay explain the 
lack o f  o r deviating diel patterns in  th a t region.

W e observed significantly shorter m edian  M ICIs at n ight th an  
by  day, w hich con trad ic t the  findings o f  C arlström  (2005), who 
reported  a h igher m ean  (no t m edian) M ICI at n igh t in  term s o f 
distance from  porpoises to  their targets affecting the two-way 
travel tim e o f  écholocation  clicks. She concluded that, at night, 
the  porpoises in  her study  used écholocation to explore the 
env ironm ent a t greater distances th an  they d id  by  day. Applying 
the  sam e logic, the  results o f  this study  w ould  indicate th a t at 
night, porpoises use their écholocation to  explore the  env ironm ent 
a t shorte r distances th an  by day, a lthough we cau tion  th a t ou r 
study  was n o t designed to  investigate the underw ater, acoustic- 
sensing behaviour o f  individual porpoises. Additionally, T-POD s 
canno t identify specific individuals. Overall, w hen m oving 
th rough  an  env ironm ent w here vision is lim ited, p rio r acoustic 
inspection  o f  the  area ahead is essential to  porpoises (A kam atsu 
et al., 2007b), especially a ro u n d  the  m etal legs o f  installations. 
Finless porpoises (Neophocaena phocaenoides), for instance, 
inspect distances o f  up  to  77 m  ahead before sw im m ing in to  an 
area (A kam atsu et al., 2005, 2007b). I f  porpoises in  this study 
were using installations as hun tin g  grounds, it is likely th a t they 
were foraging close to  the  struc tu res’ legs, because this is where 
species assemblages are likely to  be concentrated. This w ould 
b ring  the  anim als closer to targets for longer du rations th an  in 
C arlström ’s (2005) open-w ater study, perhaps explaining the d is
crepancy betw een the  two sets o f  results.

Porpoises m ay p roduce m ore click trains and  click bursts 
(inferred feeding attem pts) at n ight th an  by  day for several 
reasons. First, as C arlström  (2005) suggested, porpoises m ay 
increase their rate o f  écholocation  du ring  darkness to  com pensate 
for the loss o f  visual in fo rm ation  and, second, there  m ay be m ore 
food available to  porpoises at night, w hich is w hy m ore 
target-locking pulses are recorded. There is evidence b o th  for 
and  against these hypotheses from  studies o n  wild and captive 
anim als.
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E cholocation studies o f  captive porpoises in  light and  darkness 
have so far been  inconclusive o r based o n  sm all sam ple sizes, or 
b o th  these factors have been in  play (Kastelein et al., 1995). For 
exam ple, A kam atsu et al. (1992) conducted  experim ents to  inves
tigate the rate a t w hich a ha rb o u r porpoise  uses écholocation  at 
night. The anim al in  th a t study  was caught in  Japanese coastal 
waters and kept in  a net-m esh  sea pen, w here it was subjected to 
two nights o f  observations, and  for one n igh t in  a pool, in  bo th  
d ark  and  artificially lit conditions. In  the  sea pen, the  average 
rate o f  écholocation (ARE) was high in  the evening and  low  in 
the m orn ing . Switching on  a 100 W  light decreased the  ARE by 
o ne-th ird ; conversely, it increased tenfold  w hen the  light was 
sw itched off. A repeat o f  the experim ent confirm ed the obser
vation. In  the  pool, the ARE was relatively lower in  the m orn ing  
th an  at m idnight. A kam atsu et al. (1992) show ed clearly that the 
rate o f  porpoise  écholocation was affected by  light conditions, 
yet this study  is often m isquoted  in  the  literature.

The porpoises in  A kam atsu’s et al. (1992) study were probably 
fam iliar w ith  and  becam e acclim atized to their m ilieu. 
Echolocation rates m ay  be infrequent in  fam iliar surroundings 
(W. A. W atkins, pers. com m .), w hich m ay explain partly  w hy 
less écholocation  activity was detected du rin g  the  m o rn in g  and 
evening a ro u n d  A 6 -A . This p latform  had  been  in  position  for 
m ore th an  five years, so it is likely that it was a w ell-know n foraging 
site for local anim als.

In  the  ocean, light attenuates quickly w ith increasing depth, 
especially in  tem perate waters (Jerlov, 1976). W ild h a rbour p o r
poises are know n to  dive as deep as the  local topography  
perm its, often  deeper th an  200 m , by  b o th  day and  night 
(W estgate et al., 1995; O tan i et a l ,  1998). The Dogger B ank is 
unusual in  th a t it exhibits year-round  phytop lank ton  p ro d u c tio n  
(Berry, 2004) and, at 48 m, light levels in  this tu rb id  region m ay 
be expected to  be low  all year-round. Poor levels o f  am bient 
light w ould logically necessitate an  increase in  écholocation rate 
at night, in  association w ith investigating objects at close range 
and, m ore  specifically, as we suggest here, a ttem pted  prey-capture.

Porpoises use click bursts to  investigate specific objects a t close 
range, b u t also du ring  the  p u rsu it o f  live fish (Kastelein et al.,
1995). The n o c tu rna l increase in  the  p ro p o rtio n  o f  click trains 
th a t con tain  a term inal buzz m ay have been  related to  the  co n cu r
ren t noctu rna l increase in  the availability o f  their prey. In  general, 
there  is good evidence th a t feeding behaviour in  porpoise  species is 
related principally  to  prevalence and activity o f  prey. For example, 
it was originally hypothesized th a t D ali’s porpoises (Phocaenoides 
dalli) foraged m ostly  at n igh t o r  at dawn, because anim als captured  
in  the  m o rn in g  tended  to  have m ore food rem ains in  their 
stom achs (S troud et al., 1981, cited in  A m ano et al., 1998). 
Subsequent research, however, revealed that feeding tim es were 
region-specific and related to  availability and diel activity o f  d o m i
n an t prey (A m ano et al., 1998; O hizum i et al., 2000), as opposed to 
tim e o f  day. H arb o u r porpoises are th ough t to  be opportun istic  
feeders (Recchia and Read, 1989), and  their behaviour is probably 
related to  prey location, because porpoises are small, have lim ited 
ability to  store energy (K oopm an et al., 2002), and  have a d em an d 
ing reproductive schedule.

W orldw ide studies have show n porpoise  d iet to vary seasonally, 
geographically, species-specifically, and  three-dim ensionally  
(benthic, mesopelagic, and  pelagic), w ith long-term  shifts in  
prey preference (Aarefjord et al., 1995; Benke and  Siebert, 1996; 
Jepson, 2001; DTI, 2002; Szefer et a l ,  2002; Das et a l ,  2003; 
Santos and Pierce, 2003; V ikingsson et a l ,  2003; Santos et a l ,

2004; Fontaine et a l ,  2007; Pierce et a l ,  2007). In  o u r study we 
have no  em pirical evidence on  fish species diversity, d istribu tion  
and  behaviour, o r the  prey-preferences o f  porpoises a round  instal
lations; however, N o rth  Sea porpoises are know n to  feed o n  san- 
deels (A m m odytidae) and  herring  (Clupea harengus; Santos, 
1998; Vergeer, 2006). M ore specifically, in  G erm an waters west 
o f  D enm ark, including the  Dogger B ank region, sandeels 
account for ~ 4 0 %  o f  harbour-porpo ise  d iet (Benke and  Siebert, 
1996). There are sandeel spaw ning grounds, and  a fishery, in  the 
Dogger B ank region, and they are present year-round  (ICES,
2007). R aitt’s sm all o r lesser sandeel (Am m odytes m arinus) consti
tutes > 9 5 %  o f  the  sandeels in  the N o rth  Sea and  is do m in an t off
shore (Hawkins et a l ,  1998). It is a reasonable assum ption , 
therefore, th a t these and o ther species could  form  part o f  the 
d iet o f  the porpoises near the installations, particularly  as fish 
w ith in  the  500 m  exclusion zone are excluded from  com m ercial 
fishing. The diel activity o f  porpoises, therefore, m ay be related 
to  that o f  their prey, and  we explore that possibility fu rther here.

Sandeels also exhibit diel patterns in  behaviour. By day they 
feed in  open  water, and by  n igh t they  rest o r avoid predators 
by  burrow ing  in to  the  sedim ent (W inslade, 1971, cited in 
Freem an et a l ,  2004). If  porpoises feed o n  sandeels a round  the 
installations, the  absence o f  a sandeel sw im bladder (Reay, 1970, 
cited in  Freem an et a l ,  2004) m ay result in  only faint porpoise- 
echolocation target strengths in  the water co lum n by day, w hich 
renders this prey species an  easy, concentrated, food source to  
locate in  the sedim ent at night. M oreover, R aitt’s sandeels rarely 
emerge from  the  seabed betw een Septem ber and M arch, except 
in  D ecem ber and  January, to  spawn (Bergstad et a l ,  2001), 
coinciding w ith  m ost o f  the  A 6 -A  study  period, fu rther su p p o rt
ing the possibility th a t porpoises could target th a t species by  night 
at depth . The probability  o f  sandeel d istribu tion  a ro u n d  installa
tions is enhanced by the  fact that sandeels need to  m ain tain  a 
p rox im ity  to Zooplankton prey by day (Freem an et a l ,  2004), 
and  it is an  accepted tenet th a t Zooplankton concentra tions are 
h igher a ro u n d  installations th an  in  su rround ing  areas, because 
p latform s act as large p lank ton  accum ulators th rough  hydrodyn
am ic and  illum ina tion  effects (Keenan et a l ,  2003).

T he consensus is th a t pelagic fish are highly dispersed a t night 
and  aggregated by  day (Blaxter and Holliday, 1969; Fréon et a l,
1996). H erring  are also ab u n d an t on  the Dogger Bank (Zijlstra, 
1969), exhibit diel, vertical-m igration  behaviour (Blaxter and 
Holliday, 1969), and  com e to the surface at night w here they d is
perse and  sw im  m ore slowly (Blaxter and  Batty, 1987; Cardinale 
et a l ,  2003). Read (2001) suggested th a t porpoises m ay find it 
easier to h u n t for herring  that cease o r reduce shoaling and dis
perse, fu rther supporting  the rationale for porpoises to  feed at 
night, should  herring  feature am ong their prey a ro u n d  installa
tions. The a ttenuated  trends in  porpoise écholocation  behaviour 
at daw n and  dusk  may, in  part, be  a ttribu tab le  to  the differences 
in  schooling dynam ics betw een daw n (fast aggregation) and 
dusk (slower dispersion) for som e o f  the po ten tial prey species 
o f  porpoise, such as herring  and sprat (Sprattus sprattus; Fréon 
et a l ,  1996).

Finally, diel patterns in  fish behaviour and concentrations have 
also been show n a ro u n d  installations. Soldai et al. (2002) found  
that, by  day, m ackerel (Scomber scombrus) schooled a ro u n d  a p lat
form  in  the  Norw egian sector o f  the  N orth  Sea and, concurrently, 
dem ersal fish tended  to be located beneath  the platform , near the 
legs and close to the  bo tto m , w here they  could no t be m easured 
acoustically. At night, dem ersal fish spread th ro u g h o u t the  water
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co lum n in  such a m an n er th a t their d istribu tion  was suitable for 
acoustic biom ass estim ation. The greatest fish densities were 
close to  and  w ith in  10 m  o f  the seabed, w hich is where porpoises 
are presum ed to  feed (Santos and  Pierce, 2003). Significantly 
higher acoustic values o f  fish density  were recorded at night 
(Soldai et al., 2002), fu rther supporting  o u r hypothesis th a t p o r
poises feed m ore frequently  at n igh t a ro u n d  installations. 
Clearly, detailed discussions on  the  prey preferences o f  porpoises 
a ro u n d  installations are beyond the  scope o f  this w ork, b u t we 
propose th a t the  possibilities suggested here be explored further 
by  studies th a t em ploy the  long-term  use o f  underw ater cam eras 
in  concert w ith fish density  and  abundance estim ation  and diver
sity techniques.

In  conclusion, the  ha rb o u r porpoises we recorded frequented 
offshore installations, possibly to feed, w ith surprising  regularity, 
particularly  at night. Offshore installations m ay b e  im p o rtan t fora
ging areas for ha rb o u r porpoises, so replicated and contro lled  
experim ents should  be carried o u t to  explore this possibility 
further. Given the h istorical effects o f  overfishing in  the  N orth  
Sea (Lotze, 2007), this research should  be considered whenever 
decisions regarding the costly n a tu re  o f  decom m issioning offshore 
installations are m ade. I f  installations are left in situ, they  m ay serve 
to  benefit porpoise  populations th a t are already subjected to 
unsustainable rates o f  bycatch in  fisheries (V inther and  Larsen, 
2004). M oreover, if  h a rb o u r porpoises regularly cluster a round  
installations w ith in  the  500-m  exclusion zones, then  they m ay h is
torically have been un in ten tionally  o m itted  from  p opu lation  
surveys, resulting in  potentially  significant underestim ations o f 
their tru e  popu lation  status, e.g. by  Small Cetacean A bundance 
in  the N o rth  Sea o r SCANS I (H am m ond  et a l ,  1995, 2002), 
SCANS II (see h ttp ://b io logy .st-andrew s.ac .uk /scans2 /index . 
h tm l), and  Cetacean O ffshore D istribu tion  and A bundance 
(CODA).
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