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1. BACKGROUND

wind farmwind farmwind farmAn offshore wind farm is currently being established at Horns
Reef. EIA (Environmental Impact Assessment) studies were carried out in 2000 following the
guidelines jointly drawn up by the Danish Energy Agency and the National Forest and Nature
Agency. Part of the demonstration program for the Horns Reef wind farm is to assess the
effect of wind farms on the environment, and one of the tasks is to monitor whether wind
farms will cause measurable, temporary or permanent, changes in the local stock of harbour
porpoises (Phocoena phocoena).

On the basis of two-years of ship-based surveys and analyses of historic data, the impact
assessment regarding harbour porpoises for the Horns Reef wind farm was finalised in
February 2000. The results of the impact assessment suggested that short-term effects on
harbour porpoises would take place as a result of disturbance during the construction phase
caused by a large number of service boats and sound emissions from the ramming activities
(Skov et al. 2000, Elsamprojekt 2000). The EIA estimated that the animals would disappear
from the wind farm area during construction, and subsequently return to the site after
construction activities have ceased. On the basis of the fact that the sound emissions from the
turbines during production are more regular and at a low level and a modest disturbance from
service vessels the long-term effects on the number of harbour porpoises on Horns Reef
during the production phase was estimated to be relatively small, or equivalent to 25% as
compared to the base line level. 

Following the EIA, a monitoring programme was launched to measure the level of long-term
effects on harbour porpoises on Horns Reef, and base-line investigations have been carried
out up to the present time, - at the onset of the construction phase. This report deals with the
results of the investigations on harbour porpoises on Horns Reef during the period from
January 2001 to December 2001. These investigations involve a range of new field and
analysis techniques, which have never been applied in studies of the impact of human
activities at sea on harbour porpoises. The successful implementation of the investigations has
been possible by drawing on a broad range of experience from Ornis Consult, National
Environmental Research Institute, The Danish Fisheries Research Institute, Center for Sound
Communication at the University of Southern Denmark, The Zoological Museum in
Copenhagen and the Fisheries and Maritime Museum in Esbjerg. The work has been
commissioned by Tech-wise A/S, the advisory branch of Elsam, and the main part of the field
and analyses work has been carried out by Ornis Consult A/S and the National Environmental
Research Institute.

During the report period the visual surveys were supplemented by new acoustic methods and
hydrographic monitoring. Stationary acoustic data-loggers (so-called T-PODs, porpoise click
detectors) were applied and the use of the T-POD as a means to collect acoustic survey data
was also tested during the period. In order to increase the statistical power of harbour
porpoise data collected by the stationary T-PODs two CTD-stations (measures salinity and
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temperature) were launched during 2001. The technical evaluation of the application of T-
PODs in the Horns Reef monitoring programme as well as on Rødsand was dealt with in
detail by Teilmann et al. (2002). The present report provides a more detailed and updated
account of the deployment and records collected by the T-PODs on Horns Reef, while it only
gives a summarised description of the functionality of the instrument. The T-POD is
recording click sounds from harbour porpoises of short duration. It is programmable and can
be set to specifically record echolocation signals that harbour porpoises use for orientation
and foraging. This method will potentially give data on harbour porpoise activity on smaller
geographic and longer time scales (diurnal and year-round) than surveys, thus they provide an
important supplement or potentially a compliment to surveys. 

The presence of harbour porpoises at Horns Reef is largely believed to be governed by large-
scale hydrographic features such as water masses. The base-line investigations have
documented that in order to be able to detect the potential impact of an offshore wind farm on
harbour porpoises in this strongly structured region of the North Sea it is essential to monitor
the distribution of water masses. Consequently, a hydrographic monitoring program has been
applied which ensures that the water mass can be determined for all acoustic and visual
recordings of harbour porpoises.

Here, at the onset of construction phase we conclude on the experiences gathered during the
base-line investigation period; in particular we update the evaluation of the statistical power
of acoustic data collected at Horns Reef by taking hydrographic information into account and
make recommendations for the duration of and adjustments to the future monitoring design.
During September 2001, the foundation for a power station was established at the wind farm
area (Figure 1). No effect study was carried out in relation the construction of the power
station. 
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2. METHODS

2.1 Monitoring design 
The EIA study recommended the statistical method BACI for detection of long-term effects
of the presence of the Horns Reef wind farm on the number of harbour porpoises in and near
the wind farm area (Skov et al. 2000). Accordingly, a monitoring program has been set up
with the aim to estimate the level of harbour porpoise abundance before and after the
construction phase in 2002, and in particular to compare changes at reference sites with the
changes in the wind farm area. Depending on the statistical power of the visual and acoustic
data collected (see results) the BACI effects can be estimated following a defined period after
the construction of the wind turbines using the following design for a 2x2 factor analysis of
variance (ANOVA) :

Before (B) After (A)
Reference sites in control area (C) BC AC
Sites in impact area (I) BI AI

The program has been designed in relation to the following hypotheses:
1. During the construction phase, a major impact on harbour porpoises is expected in the

wind farm area. The ratio of density and acoustic activity of harbour porpoises in the
impact area to the control areas will presumably decrease; 

2. During the operational phase following construction of the wind turbines, harbour
porpoises will return to the wind farm area. Compared to the base-line, the change in the
ratio of density and acoustic activity of harbour porpoises in the impact area to the control
areas will not exceed 25 %. 

2.1.1 Location of impact and control areas
The changes in the abundance of harbour porpoises at the Horns Reef are compared between
the wind farm area and three control areas; one east of the wind farm and two west of the
wind farm (Figure 1). This design has been chosen, as all three control areas lie within the
hydrographic region, which forms the frontal gradient between the core estuarine water mass
close to the coast and the saline water masses of the North Sea. This frontal region has been
identified as holding higher densities of harbour porpoises at all times of the year than the
core of the estuarine and the North Sea water masses (see hydrographic results for more
details). As all four areas form part of the Horns Reef structure, they share both topographical
and hydrographic characteristics, and the abundance of animals is expected to be sufficiently
high in all areas to generate relatively large data sets. The location of control areas on the
central and western part of the Reef also ensures that data collected during the monitoring
program can be used as a basis for assessment of impacts from a possible future enlargement
of the Horns Reef wind farm on harbour porpoises.    
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Figure 1. The monitoring design showing the location of the Horns Reef wind farm area
(impact area, red square), control areas (blue squares) and the power connection from shore to
the wind farm. 

2.1.2 Target levels of impact
Tests of the statistical power of data collected by the stationary PODs in July-September 2001
and the visual survey data collected during eight surveys in 1999-2001 indicate that the
monitoring program will collect sufficient data over a period of approximately two years
following the construction phase to detect changes in the density of harbour porpoises
exceeding 25 %. Partly based on this sensitivity, a target level of impact from the
establishment of the wind turbines on the number of harbour porpoises has been set at 25 %. 

2.1.3 Strategies for detection of change in harbour porpoise abundance in relation to
time and spatial scales 
The monitoring design has been developed in order to measure the relative abundance of
harbour porpoises in impact and control areas both over short and long time and spatial
scales. Ship-based surveys are an important component of the monitoring program, as they
can measure changes in the distribution of animals over distances larger than the detection
radius of stationary T-PODs, which is 2-300 m. By applying fine-scale survey grids and
spatial modelling techniques the survey results can be used to derive unbiased estimates of the
relative density of animals and the dispersal of surface hydrography throughout the surveyed
area. As only two ship-based surveys are made during the breeding season each year, the
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survey-derived data only cover a fraction of the time in which the impact and control areas
are used by harbour porpoises. By applying acoustic (T-PODs) and hydrographic (CTDs)
stations in the monitoring program it is possible to extend the time coverage of harbour
porpoise use of the investigated areas in relation to water mass to the whole year.  

2.1.4 Statistical model for porpoise density and activity
Observations derived from POD deployments to describe porpoise activity are the outcome of
a stochastic process, which can be described by a stochastic model. The indicators describing
the porpoise activity from POD deployment data are presented in section 2.2.3. Let us assume
that the observations (density or activity indicators) are a function of the specific location
(called station), the measuring device (called POD), seasonal variation (called season) and
two distinct time periods (Before/after ~ called intervention). Let us furthermore assume that
stations can be divided into two groups (Control/Impact ~ called area). Let Xijklm denote the
porpoise density or activity indicator, or a transform of these, which can be described by a
normal distribution. We will then model Xijklm as

Xijklm = µ + areai + stationj(areai) + seasonk + interventionl + areai*interventionl + eijklm

where 
• areai describe the spatial variation between the control and impact area, 
• stationj(areai) describe the variation at stations located within each of the two areas, 
• seasonk describe the seasonal variation, which is assumed to be independent of area and

station, 
• interventionl describe the overall change from before to after,
• areai*interventionl describe the difference in change (before/after) between control and

impact area, which is also referred to as the BACI effect
• eijlkm is a normal distributed error term, NIID(0,σ2).

All effects on the right-hand side of the model except eijlkm are fixed effects. Other covariates
(hydrographic variables etc.) may be included in the model provided that they have
explanatory power.

The variation in observed porpoise activity caused by deployment of different PODs is not yet
included in the model above. The POD variation can be included in the design as a nested
effect under station (hierarchical) or as a crossed effect with station (fully crossed). Let us
compare the disadvantages of the two types of designs:

Disadvantage fully crossed design:
• A fully crossed experiment would require that all POD are shifted around between

stations both before and after construction, such that an approximately equal amount of
observations would be obtained for each POD at each station. This would require a
substantial effort in shifting the PODs. Furthermore, the fully crossed design is more
vulnerable than the hierarchical design to loss of data that may reduce the advantage of
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this design, result in partial confounding of effects or in worst cases make the design
inapplicable for testing the BACI effect.

Disadvantage hierarchical design:
• If POD variation is nested within station then these two factors are confounded unless

several PODs are located at stations. If the variation between PODs is significant then it
cannot be determined whether significant variations between areas and stations are due to
spatial variations or variations in the sensitivity of PODs. However, the BACI effect is
not affected by the POD variation provided that the sensitivity of the PODs does not
change with time.

In conclusion, the hierarchical design is more robust to data losses and requires less effort in
the monitoring program, but variations between areas and stations will be biased by variations
in the sensitivity of PODs. The model is analysed as a general linear model (GLM) in case the
residuals of the model are uncorrelated, and in case the residuals are serially correlated the
model is analysed as a linear mixed model (MIXED).

2.1.5 Statistical tests of BACI effect 
The proposed hypotheses in section 2.1 can be investigated by calculating the BACI effect
and testing if this effect could be zero. The BACI effect is estimated from the means of the
four blocks:
BACI=(AI-BI)-(AC-BC)
and the significance of the BACI effect is tested by the interaction term in the two-factor
ANOVA (areai*interventionl). This requires that each block have replications (more than 1
observation). The seasonal variation and explanatory physical variables can be included as co-
variates into the analysis. In this case the adjusted BACI term becomes:
BACI(X,s)=(AI(X,s)-BI(X,s))-(AC(X,s)-BC(X,s))
where s is a term describing the seasonal variation and X is the co-variate. The means of the
four blocks are adjusted for differences in s and X between blocks.

Comparing the between-block variation with the residual variation tests the significance of
the two factors and the interaction (BACI effect). In case that several PODs are deployed at
different stations within the control and impact area then station becomes a nested factor
within the control/impact areas. Thus, the adjusted BACI term becomes:
BACI(X,s,S)=(AI(X,s,SI)-BI(X,s,SI))-(AC(X,s,SC)-BC(X,s,SC))
The nesting of stations within control/impact area will not affect the calculation of the BACI
effect. The main aspect of including station as a nested variable within control/impact area is
that it describes the spatial variation within the two areas and thereby reduces the residual
variation. Consequently, the power of testing the BACI effect will improve.
The indicators derived from the POD signal are observations in time, which are likely to be
serially correlated, i.e. observations in time are correlated to past observations
(autocorrelated). The presence of autocorrelation is determined by calculating the
autocorrelation function and comparing these estimates with approximate 95% confidence
limits (see Chatfield 1984). If the indicators are not correlated in time, the error term in the
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ANOVA design can be described by a vector with a covariance structure that is proportional
to an identity matrix ( I2σ ). However, if there is serial correlation in data the covariance
structure of the error term must be modelled. This is referred to as a mixed model.

2.1.6 Determining sample sizes
The general formulas for calculating sample sizes to obtain a power of minimum 1-β are
based on balanced designs. While a balanced data set will be obtained from the survey data, it
is unlikely that the POD deployments will result in equal amount of observations in all
blocks. However, the power calculation based on balanced designs gives indications of
appropriate sample sizes. The amount of observations in each of the 4 blocks for the BACI
design with log-transformed variables is calculated as (no serial correlation), which is adopted
from Green (1989)
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For small n the quintiles of the t-distribution should be used in place of β−1z  and αz . For the
two formulas above s is the estimated standard deviation and d is the relative change in the
BACI effect to be detected. Significance and power level are set to α=5% and 1-β=80%.

In case the data set is highly unbalanced the sample size can be calculated iteratively by
increasing the number of observations in the four blocks and calculating the power. The
appropriate design is determined as the number of samples in the four blocks that yield a
power above 80%.

2.2 Application of T-PODs 
The POD has been developed and is produced by Nick Tregenza from Chelonia
(www.chelonia.demon.co.uk). The POD or POrpoise Detector is a small self-contained data-
logger that logs echolocation clicks from harbour porpoises, or other echolocating cetacean
species. The POD used in the present study is called the T-POD and was produced in 2000.
This is a further development of the original POD and gives the possibility to record and
analyse individual clicks instead of the number of clicks within a time frame. This is
especially useful when excluding harbour porpoise echolocation from other sound sources.

The T-POD consists of a hydrophone, an amplifier and electronic filters combined with a
data-logger that logs echolocation click-activity. It processes the recorded signals in real-time
and only log echolocation clicks with specific acoustic values set by the user. The filters can
be set to different click-length (duration), frequencies and strength, that all together matches
the specific characteristics of echolocation-clicks.  It operates with 6 separate scans that can
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be programmed individually, so that e.g. one scan can be set to log boat activity and the other
scans to log echolocation activity. Each scan records for 9 seconds, then one second is
allowed to change from one scan to the next and so on. Recordings from each scan therefore
represent 9sec/1min.

The housing of the T-POD consists of a 50-70 cm long PVC pipe. Two types of hydrophones
have been developed since 2000. A T-POD with a bolt-on lid in one end and an internal
hydrophone encapsulated in vinyl in the other end was first developed, and this is currently
used on Horns Reef. In 2001, a T-POD with a screwing lid and an external hydrophone was
developed. 

On request by SEAS a workshop was held at the National Environmental Research Institute
22-23 October 2001 to discuss the reliability and application of PODs in wind farm-related
studies. European researchers with general expertise in acoustics and specific expertise in
using PODs as well as the manufacturer of the POD provided an overview of the state of the
art of POD research and where and how PODs have been used in other studies around the
world.

Following the workshop, SEAS and Tech-wise A/S ordered the production of a report with
the aim of giving the best advise on the usability, data collection, statistical methods and
experimental design when using PODs in relation to offshore wind farm developments in
Denmark (Teilmann et al. 2002). The report summarises the present experience with T-PODs
under controlled conditions and in wind farm areas. The data collected under controlled
conditions were used to evaluate variations in the sensitivity between and within T-PODs as
well as documenting how selective T-PODs are in recording harbour porposie sounds. The T-
POD data collected in the field were compared with visual surveys to see if changing animal
density is correlated with echolocation activity. The collected T-POD data were also used to
select indicators and develop the most appropriate statistical model for comparing the
indicators between locations and time periods. 

2.2.1 Deployment 
Earlier field experiments have shown that PODs deployed near the bottom records a higher
level of harbour porpoise echolocation activity than PODs deployed simultaneously near the
surface (Nick Tregenza pers. comm.). The PODs are as an additional benefit best protected at
the bottom. The T-PODs used at Horns Reef have all been moored about 1.5 to 2 meters
above the bottom. Different set-ups have been tested to find the best mooring technique,
which must be stable and rough but still give easy access to the PODs during maintenance
visits. Two different set-ups have been tested. The first technique, shown in Figure 2, is the
initial set-up designed for easy access to the POD. It consists of a large yellow warning buoy
connected to a 1300-kg concrete anchor block with a steel-armed “Typhoon” rope. From the
anchor block a heavy polypropylene rope connects to a smaller anchor. The POD is mounted
two meters from the anchor. From the small anchor a heavy polypropylene rope connects to a
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smaller float. Pulling the small float and the anchor out of the water out makes it easy to get
access to the POD. This set-up has proven very useful in other areas, but it is rather
vulnerable to vandalism, as the ropes anchoring the large buoy and the small floats can be cut
off. On Horns Reef, a very big effort has been put into retrieving lost gear.

Yellow warning buoy

Typhoon steel armed rope

Anchor block

Heavy rope POD

Small float

Rope

Small anchor

Figure 2. The general set-up used for mooring PODs. 

To avoid that the ropes can be cut over, heavy steel armed “Typhoon” ropes has been used for
anchoring the warning buoys the last few months, which in one case has resulted in that the
shackle connecting the buoy with the “Typhoon” rope has been opened. 

Recently a more vandalism safe set-up has been tested to avoid the loss of more PODs and
equipment. As it can be seen in figure 3 the POD is now placed in a steel cage that replaces
that anchor block and protects the POD. To get access to the POD the whole steel cage has to
be retrieved which means that specialised equipment must be used, such as a crane and a
special docking station. This will hopefully prevent that PODs are stolen or dragged away in a
trawl. 
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Yellow warning buoy

“Typhoon” steel armed rope

POD

Steel cage

Figure 3. This new steel cage for mooring the PODs. This new cage has been deployed for
one short period on one position so the efficiency has not yet been proven. 

At Horns Reef eight positions were chosen for deploying T-PODs (two in impact area and
two in each of the control areas, Figure 4). The positions are numbered from 1-8 starting from
west. Position 5 and 6 are in the wind park area, and the rest are in the three control areas. 
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Figure 4. Location and number (as referred to in tables) of the eight stationary T-PODs (red
flags) in the Horns Reef area. 
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The first PODs were deployed at Horns Reef in July 2001. Data from the PODs have been
collected up to January 2002. Data from PODs 2, 4 and 7 were not used in the following as
data only covered few days. The active logging time for each POD has not been more than
20-30 percent of the actual deployment time. This is mainly due to two causes: 
The first is that the Tech-wise personnel has not been able to do all the necessary maintenance
visits due to bad weather and an excessive effort to retrieve lost gear. The effort in retrieving
and repairing lost gear has resulted in the fact the only 2-3 positions has been visited on each
maintenance trip (on average) instead of 4-5 as planned. The weather situation from October
2001 until December2001 has been relatively bad, and almost every day with good weather
has been used for operating at Horns Reef, but that has unfortunately not been enough. The
result is that PODs have been left for 3-4 months without maintenance instead of every two
months, which is the lifetime of  the batteries. The other cause is that the set-up of the
software in the POD was originally tuned in to operate in the inner Danish waters, but it has
proven inefficient at Horns Reef. The noise levels at Horns Reef are extreme and a lot of
uninteresting wave and shipping noise has been recorded and the memory filled faster than
expected. In a few extreme cases the memory was filled in 1-2 days. The set-up of the
software has been developed continuously, but since the result of adjustments shows up two
months later, the process with fine-tuning the POD software is slow. The latest adjustment
cuts out most of the noise and the memory should last about 2 months. 

2.2.2 Download of data and change of batteries 
The T-PODs were equipped with 8 MB RAM and powered by six 3.4V D-cell lithium
batteries with a maximum logging period of about 60 days. A 20 MHz CPU operates data
collection. Data from the T-PODs were downloaded by Tech-wise personnel using a serial
cable to a laptop computer. 

2.2.3 Indicators of harbour porpoise activity 
Four indicators have been developed from POD signals with minute intensities. POD signals
extracted from the T-POD program with a constant frequency of 1 minute – denoted xt -
consists of many zero observations and relatively few observations with intensities above
zero. The recorded minute intensities can be aggregated into daily observations of:
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Another approach to analyse POD signals is to consider the POD signal as events with click
activity separated by period without any click activity. Here, click events are defined as
periods with click activity separated by periods with no click activity for more than 10
minutes. Thus, two recordings separated by 9 minutes without click activity still belong to the
same event. The 10 minutes for separating events was found to be an appropriate choice by
inspecting high-resolution graphs of POD signals. The events provided two indicators to
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characterise the harbour porpoise activity: duration of click event and waiting time between
click events. The mean click intensity during an event did not provide any additional
information relative to the daily intensity.

All indicators except the event duration could be made approximately normally distributed by
transforming the data. Daily intensity and waiting time was log-transformed while an arc-sin
was applied after squareroot transformation of the daily frequency data.

2.3 Hydrographic monitoring 
The EIA study indicated that the historic data on harbour porpoise abundance and surface
hydrography at Horns Reef suggest a relationship between the distribution of harbour
porpoises and the hydrographical regimes. Densities of porpoises seem to increase from the
saline water masses found in the centre of the North Sea towards the Reef and also from the
estuarine core water mass in the near-coastal area off the Wadden Sea towards the Reef. Peak
densities in the Danish part of the North Sea have been recorded over the eastern part of the
Horns Reef area and in Slugen in an area characterised by an almost permanent gradient in
salinity. The abundance of harbour porpoises over the western part of the reef seems to be
more irregular possibly due to a higher influence from the North Sea water masses. Harbour
porpoise densities in the core North Sea water mass (salinity above 34 psu) and in the low-
saline water close to the Wadden Sea are generally much lower than in the frontal estuarine
water over Horns Reef (Skov et al. 2000). However, the two water masses with lower
densities of animals are not stable, and the Horns Reef area is prone to a large degree of
hydrographic variability. In Figure 4 the distribution of higher densities of harbour porpoises
recorded during the base line has been mapped, and the dispersal clearly indicates that
although the majority of high densities are met with over the eastern part of the reef and in
Slugen high densities can be found along the entire length of the reef. In order to take account
of the hydrographic variability in the impact and control areas hydrographic monitoring was
established during 2001. 
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Figure 6. The distribution of higher densities (≥ 20.0 harbour porpoise per km2 - blue
symbols) during the surveys carried out during the base-line (1999-2001).
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2.3.1 Use of model data
The CTD stations were launched at 15 October 2001. Thus, the temporal hydrographic
variability in the impact and control areas at Horns Reef during the initial phase of the T-
PODs (10 July – 15 October 2001) was studied by applying the Danish Hydrographic
Institute’s hydrodynamic model “Farvandsmodellen” at a grid resolution of 3 nautical miles.
The modelled input data were calculated for the following positions: Station. 1: 55.54N;
7.86E  Station. 2: 55.54N; 7.42E. 

2.3.3 Deployment of CTD station and download of data 
Two CTD stations (Anderaa RCM 9) were deployed at POD 1 and 5 by mooring them in the
same way as the T-POD between the anchor and the anchor-block (Figure 2). A sub-surface
buoy made it possible to install the CTDs at 10 m depth. Both CTDs were set to measure
temperature and salinity in 10 minute intervals. The first CTD was deployed in the wind farm
area on the 13 October 2001. At 24 November 2001, hydrographical data were downloaded
from this CTD and the CTD at the western edge of Horns Reef was deployed. At 7 January
2002, data were again downloaded from the CTD in the wind farm area. However, the CTD at
POD 1 could not be retrieved, as the buoy had disappeared. The CTD at POD 1 has yet to be
located, thus the results of the hydrographical monitoring presented here is confined to data
collected by the CTD in the wind farm area. At 13 March 2002 the buoy at the CTD in the
wind farm area could not be located, and at present it is unknown whether the instrument can
be retrieved at the original position (see later discussion regarding problems with lost
instrumentation).
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Figure 7. Position of two CTD-stations (orange stars). 

2.3.4 Sampling of surface temperature and salinity during surveys
The spatial hydrographic variability encountered during the ship surveys was recorded by
continuous measurements of temperature and salinity at a depth of approximately 3 m using a
calibrated salinometer (Tetracon 325). 
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2.4 Visual/acoustic surveys 

2.4.1 Survey design
Relative densities of harbour porpoises were sampled along 15 east-west transect lines
(Figure 7). A relatively high resolution of the data was achieved by dividing each transect into
segments of 2 time minutes (approximately equivalent to 500 m transect distance). Each
segment constituted a sample of relative density. The distance between lines was one km,
except for the northern-most and southern-most lines, which lie 2 km from the nearest lines.
The placement of survey lines was controlled by the dominant large-scale gradient in
hydrography. In addition to the estimation of fine-scale distribution patterns the surveys are
also used to produce estimates of the relative abundance of harbour porpoises in the surveyed
area. 

Figure 8. Survey design, line transects indicated by blue lines.
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Table 1. Survey statistics for surveys carried out during the base line
(1987 – 2001). Number of transect lines, nautical miles sailed, number
of transect segments sampled and Beaufort sea state is mentioned for
each survey. 
Survey No. lines Naut. miles No. samples Sea state
1/10-1/12 1987  8  295.3  222  0-1
17/1-20/2 1988  6  222.3  127  2-3
24/4-7/5 1988  5  193.7  116  1-3
13-22/1 1992  6  134.8  77  1-2
22-24/4 1992  6  297.0  256  0-1
15-16/3 1993  3  56.0  32  2
14-15/5 1993  3  82.3  47  1-3  
24/4-3/5 1999  15  307.1  951  0-3
24-30/8 1999  12  280.9  858  2-3
11-15/11 1999  10  249.8  666  1-2
23/2 2000  5  93.8  256  0-1
23-25/7 2000 12 214.0 857 1
12-14/8 2000 14 255.7 906 0-2
15-18/8 2001 15 268.2 837 1-2
21 - 22/8 2001 14 220.8 749 0-1

Experimentally, acoustical surveys were carried out by towing a T-POD after the survey ship
in a specially designed rowing rig. The towing rig (Figure 8), was made of 8-mm rope to
create a flexible and very strong construction. The towing rig was tested during this project
for vessel velocities up to 9 knots, but it has proven useful for up to 15 knots during earlier
surveys. 

Necton Z-wing downrigger

POD in mesh

Float Float

= 8 mm rope

- minimum 75 m 8 mm rope to the survey ship

- survey direction

Figure 9. Drawing of the POD towing rig used for the acoustic surveys
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The POD-settings during the acoustical surveys were identical to the settings used for
mooring. The build in tilt switch that normally would shut down the T-POD when it is turned
upside down must be turned off during a survey. As it can be seen in Figure 8 the T-POD is
orientated horizontally in the water instead of vertical as stationary T-PODs. This mean that it
scans more or less a straight line perpendicular to the survey boat, but covering the whole
water column instead of just a single layer in all directions as normal when moored permanent
on the seabed.

The results from the acoustical surveys differs from the results from statically moored T-
PODs in the way that only one data set from one T-POD spanning a few hours or days are
analysed. That means that the data set can be analysed manually and every single porpoise
activity event can be evaluated and compared with results from the visual survey. 

2.4.2 Recording methods
The surveys are made using line transect methodology, developed for estimation of total
abundance of cetaceans (Burnham et al. 1980, Buckland et al. 1993, Hammond et al. 1995),
and modified to integrate a large number of density samples (Skov et al. 1994). A team of
three experienced observers was working from the roof of the bridge at 5-7 m height. Line
transect surveys of harbour porpoise demand a high recording efficiency on the transect line.
Thus, it is necessary to follow the movements of animals in front of the ship. Based on former
surveys the use of highly skilled observers was considered very important to achieve a high
recording efficiency. All three observers searched only a narrow strip of 800 m width in order
to reduce the likelihood that animals disappeared before detection. The transect area was
scanned systematically by using 10x binoculars intermittently as far ahead as possible. Search
effort data comprised the ship's position, heading and speed, Beaufort sea state, and weather.
Sightings data consisted of number and perpendicular distance, which were obtained from
angle and direct distance estimation. 

2.4.3 Spatial analysis
Densities were calculated for each segment using an effective strip width (esw) of 300m,
which was derived from analyses of sighting distances by functions and models of the
software DISTANCE (Laake 1990, Ver. 2.0). DISTANCE was also used for estimation of
total abundance (see below). Sighting rates change considerably with Beaufort sea state.
Therefore, only data collected during sea states less than 3 were retained for analysis.

Spatial models of the distribution of surface hydrography and the dispersal of harbour
porpoises in the investigation area were made by creating fine-mesh grids (1 x 1 km) on the
basis of variography and linear interpolation (normal kriging) using software Surfer 7.0 and
EVS PRO. Spatial auto-correlation in the harbour porpoise survey data was estimated by
variogram functions, which were then used in the mapping procedure known as kriging.
Experimental variograms, which were computed from the observed data, were used to
describe the spatial structure of the data.  Variogram functions were fitted to the experimental
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variograms, and these models were subsequently used as input for the kriging method of
interpolation (Matheron 1962; David 1977). The mathematical models that provided the best
fit to the data were the spherical and Gaussian models, which assume an increase of
variability with distance for small spatial scales and a constant or nearly-constant variability
for larger spatial scales.

The kriging interpolation method was used to compute local estimations of the density of
harbour porpoises with the minimum error variance.  Accurate estimates of abundance are
produced at relatively small spatial scales with few assumptions on the sampling procedure
and the statistical distribution of the data; the spatial structure information, as expressed by
the variogram model, is incorporated in these estimates.  For each interpolation the maximum
extrapolation range was set at twice the grid resolution given by the variogram model.  The
resulting interpolated grid of harbour porpoise densities consisted of continuous fields of
density grid points for the well-surveyed parts of the study area, and blanked grid points for
those parts of the area where the distance between samples exceeded the maximum
extrapolation range. The spatial distribution pattern was plotted on maps in UTM 32
projection by assigning contours and colour codes to the density grid points. 

2.4.3 Estimation of total abundance

Total estimates of the abundance of harbour porpoise in the investigation area were made
using the theory and techniques described in Burnham et al. (1980), Buckland et al. (1993)
and the computer package DISTANCE (Ver. 2) developed by Laake et al. (1993). For each
survey the following parameters and their associated variability were estimated by the half-
normal model (Buckland et al. 1993): the efficiency of observation, sighting rate (n/km), pod
size, and density (n/km2). Perpendicular distances to porpoises were pooled into 8 intervals of
100 m. We evaluated several perpendicular line transect models, using Akaike's Information
Criterion (AIC), and selected the model with the smallest AIC value. The half-normal model
generally applied best to our data. The relationship between distance of sightings and pod size
was assessed by making a regression of pod size (after log transformation) on distance. The
correlation was non-significant (p<0.01) in all cases, hence no adjustments were made to f(0)
for pod size bias. 
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3. RESULTS

3.1 Hydrographic variability 
The hydrographic data, specifically the salinity data, were modelled between 10 July and 15
October 2001 and measured since 15 October, and they provide a comprehensive
documentation of the variability of water masses at the wind farm site. Although the modelled
salinity data has a coarser time resolution and less short-term variability than the measured
data and may give only approximate salinity values, the model data still seem to provide
information that can be used to depict the general trends. This is indicated in Figure 10, where
the two data sets are compared for the period of overlap between 13 and 15 October 2001.
The following description is based on the combined data set from 10 July 2001 to 7 January
2002.

Figure 10. Comparison of measured and modelled salinity at 10 m depth in the wind farm
area between 13 and 15 October 2001. 
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The main variability displayed by salinity in the wind farm area was a relatively short-term
oscillation occurring over one to two weeks (Figure 11). The oscillation, which may be as
strong as 4 psu units over one week (as seen in early November 2001), underlines that this
part of Horns Reef is affected by the frontal zone between estuarine and saline water masses.
From the beginning of July to early September 2001 salinities at the site decreased to values
well below 32 psu, indicating dominance of estuarine water masses. This period was
characterised by continental climate with only few and short periods of strong westerly winds
(Figure 12), and was followed by almost two weeks of increasing salinities in September
following a period of westerly winds. During the second half of September, the weather again
changed back to anti-cyclonic with salinities dropping to 30.5 psu. These wind-induced
oscillations continued throughout the period of hydrographic data collection; the most
prominent inflow of saline water from the North Sea taking place just after the strong Atlantic
weather period in November, creating an overall seasonal change in the water mass
characteristics at the wind farm site. 

The sea temperature, on the other hand, developed almost linearly irrespective of the
dominating weather systems (Figure 13). Two clear trends are apparent: rising temperatures
from July to August 2001, followed by a decrease up to January 2002.
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Figure 11. Distribution of salinity at 10 m depth in the wind farm area between 1 July 2001
and 7 January 2002. For the period between 10 July and 13 October the graph shows
modelled psu values for each half-hour and for the period 13 October 2001 to 15 January
2002 the graph shows measured psu values for each 10 minutes. 

Figure 12. Distribution of observations (no. of hours) of strong gale force from westerly
directions at Hvide Sande 30 km north of Horns Reef between 1 July 2001 and 7 January
2002 (DMI 2002). 
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Figure 13. Distribution of temperature at 10 m depth in the wind farm area between 1 July
2001 and 7 January 2002. For the period between 10 July and 13 October the graph shows
modelled temperature (celcius) values for each half-hour and for the period 13 October 2001
to 15 January 2002 the graph shows measured temperature values for each 10 minutes. 

The two surveys took place during a week between 15 and 22 August 2001, when the wind
changed from southerly (first survey) to an easterly direction (second survey). Although the
wind speeds were limited during this period, the sampled salinity data clearly show that the
frontal zone was advected from the eastern part to the western part between the two surveys
(Figure 14). During the first survey the area of surface salinity below 30 psu covered only the
southeastern extreme of the area, while it covered almost the entire eastern half of the area
during the second survey.
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15-18. August 2001

21-22. August 2001

Figure 14.  Spatial models (kriging) of the distribution of surface salinity during the two
surveys. 

3.2 Patterns of harbour porpoise activity 

3.2.1 Daily click frequency and intensity
While the variations in click intensity appeared unrelated to stations or PODs, there were
large variations in the daily click frequency between stations and PODs. The variations were
apparently associated with the wind-induced variation in the position of the frontal zone
(Figures 11, 14). POD 6 at the western edge of the reef recorded high frequencies of clicks
during the anti-cyclonic weather in August, while the frequencies were at the medium level
during moderate cyclonic weather in October and dropped to low levels following the
passage of strong low pressure systems in November. The highest frequencies of clicks were
observed over the central part of the reef (POD 3, Table 2) during two periods in August and
October characterised by anti-cyclonic and moderate cyclonic weather. The frequencies at
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POD 3 dropped to low-medium levels in November-December. Medium frequencies were
recorded in the impact area in the eastern part of the reef throughout the period, while low
frequencies were observed in the eastern part of Slugen during the relatively calm period up
to mid September (position 8, 2 PODs).
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Figure 15. Daily click frequency (solid bold line and dots) and click intensity (dashed line
and squares) extracted from PODs deployed at Horns Reef in July 2001-January 2002.
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Table 2 Average daily click frequency and intensity for PODs deployed in the
investigation areas. The POD transducer type is listed in parentheses after POD no.
(I=Internal, X=External).

Area Station POD no. Periods Freq. Intensity

Pos. 1 37 (I) 39 days in 15/8-5/12 1,54% 64,8

Pos. 3 38 (I) 29 days in 15/8-18/1 5,22% 69,8

Pos. 5 53281(X) 49 days in 13/10-22/12 0,90% 71,1

Pos. 6 40 (I) 67 days in 10/7-21/12 0,99% 68,4

Pos. 8 32 (I) 26 days in 10/7-4/8 0,13% 82,7

Horns Reef

Pos. 8 41 (I) 64 days in 10/7-11/9 0,18% 75,2

3.2.2 Activity events
The results for the activity events were similar to the daily click frequency in that event
duration was longer and waiting time shorter over the western part of the reef (POD 1) during
July-October 2001 compared to the situation in November and December (Figure 16). The
central part of the reef generally had the longest event and shortest waiting times (POD 3)
during the periods characterised by continental climate. In the impact area (PODs 5 and 6)
event duration and waiting times were stable at an intermediate level, while events of
porpoise activity were rare and short in the eastern part of Slugen (Pos. 8). 
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Figure 16. Waiting times extracted from PODs deployed at Horns Reef in July 2001-January
2002. The average waiting time for the different periods of deployment is shown above the
data points.

Table 3 Mean event duration and time between events for PODs deployed at Horns Reef
(unit=minutes). The POD transducer type is listed in parentheses after POD no.
(I=Internal, X=External).

Area Station POD no. Periods Event
duration

Waiting
time

Pos. 1 37 (I) 304 events in 15/8-5/12 5,15 162

Pos. 3 38 (I) 354 events in 15/8-18/1 12,62 88

Pos. 5 53281(X) 283 events in 13/10-22/12 3,74 230

Pos. 6 40 (I) 408 events in 10/7-21/12 3,93 207

Pos. 8 32 (I) 31 events in 10/7-4/8 2,16 1131

Horns Reef

Pos. 8 41 (I) 107 events in 10/7-11/9 2,19 846
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We measured the relationship between salinity and harbour porpoise activity using the
salinity data from the CTD in the wind farm area, although they may only provide proxy
measurements of the hydrographical situation in the control areas. The comparison revealed
that all indicators except the daily click intensity showed a linear relationship with salinity at
the westernmost and easternmost positions (PODs 1 and 8), while no relationship was
apparent over the central and eastern part of the reef (PODs 3, 5 and 6, Figure 17). 
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Figure 17. Harbour porpoise activity indicators related to salinity for the westernmost
and easternmost positions. Salinity was monitored by a CTD located in the impact
area. The daily indicators were compared to the average salinity on the given day,
event duration was compared to the average salinity during the event and waiting time
between consecutive events were compared to the average salinity during the same
period.

For the westernmost position (POD 1) the click frequency and duration of activity event
decreased with salinity, while waiting times between consecutive events increased with
salinity, i.e. the porpoises were visiting the area less frequently and for shorter periods when
North Sea water masses prevailed. For the easternmost position (Pos. 8) the click frequency
increased with salinity, while waiting times between consecutive events decreased with
salinity, i.e. the porpoises were less common in the eastern part of Slugen when estuarine
waters of low salinity prevailed.  
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3.2.4 Results of power tests 
A power analysis is concerned with determining the amount of data required to detect a given
change with a given probability (power). The power required for the BACI analysis of POD
data is set to 80%, which is a standard value in the statistical literature. The change to be
detected and the amount of data required for detecting such a change are inversely related,
such that the detection of small changes requires a large amount of data and detection of
larger changes requires less data. Power analyses depend on the variation in data, which is not
known, but can be estimated from data available at present. The larger the variation in data
the more data are required to detect a given change. It should be noted that data requirements
calculated from power analyses are inherently uncertain, and that it is generally recommended
to use conservative estimates of data requirements from the power analyses, i.e. the amount of
data calculated from power analyses should be a minimum requirement.

Power analyses have been carried out on POD data from Horns Reef using two different
modelling approaches – without and with salinity as explanatory variable. The power analyses
have only been carried out for waiting times between activity events, but these results will be
similar for the other indicators as these are correlated, i.e. they essentially provide the same
information (Teilmann et al. 2002). The key parameters for the power analyses were
estimated from the available data(Table 4) . It is observed that salinity reduces both the
standard error of the observations and the correlation between successive observations. 

Table 4 Parameters used for calculating the length of monitoring before and after
construction of wind farm. The mean waiting times determine the number of observations
obtained during a period of a given length. Standard error and correlation between
successive observations are calculated for log-transformed waiting time with and without
salinity as a linear regression variable.

Without salinity With salinity
Area Station

µ S ρ̂ s ρ̂
POD 1 162 1.55 0.173 1.38 0.065
POD 3 88 1.59 0.346 1.40 0.231
Pos. 8 (POD32) 1131 1.34 0.367 1.25 0.306

Con-
trol

Pos. 8 (POD41) 846 1.57 0.395 1.43 0.402
POD 5 230 1.60 0.316 1.59 0.305Im-

pact POD 6 207 1.52 0.122 1.42 0.098

The required length of monitoring before and after construction was calculated based on the
estimated parameters (Table 5). The power analyses were carried out for BACI-tests using
pair-wise combinations of stations as well as considering all stations. The extent of the
baseline study is estimated to be approximately 150-200 days of monitoring at all stations. If
salinity is not included into the analysis a relative change on the order of 40% should be
detectable for pair-wise comparison of stations (Table 5), except for Pos. 8 that has
insufficient data for detecting changes less than 50%. The distribution of waiting times at
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POD 5 and 6 are similar and consequently the power analyses yield similar results. If all 5
stations are included for test of the BACI-effect then a change on the order of 20-30% should
be feasible with the data obtained in the baseline study.

Table 5: Power analysis without salinity as explanatory variable. Length of monitoring
program before and after construction in days required for detecting a change of d% with a
probability >80% for pairwise combinations of stations in control and impact area (one
station in each area). The length of the monitoring program, when all 5 stations are used,
is shown in the last row. Calculations are carried out on the estimated standard error of the
BACI effect.

Relative change

Test
Station in
Impact
Area

POD no.
Station in
Control
Area

POD no.
10% 20% 30% 40% 50%

Pos. 5 53281 (X) Pos. 1 37 (I) 2224 663 347 228 168

Pos. 5 53281 (X) Pos. 3 38 (I) 2102 627 328 215 159

Pos. 5 53281 (X) Pos. 8 32 (I) 7291 2174 1137 745 550

Pos. 5 53281 (X) Pos. 8 41 (I) 7855 2342 1225 802 592

Pos. 6 40 (I) Pos. 1 37 (I) 1528 456 239 156 116

Pos. 6 40 (I) Pos. 3 38 (I) 1406 420 220 144 106

Pos. 6 40 (I) Pos. 8 32 (I) 6595 1966 1029 673 497

St
at

io
n 

v.
 st

at
io

n

Pos. 6 40 (I) Pos. 8 41 (I) 7158 2134 1117 731 539

Area Pos. 5+6 53281+40 Pos. 1,3,8 37+38+32 837 250 131 86 64

Salinity can explain some of the variation observed in the waiting times , and as a result the
data requirements are reduced approximately 20%, when salinity is included into the analysis
as an explanatory variable (Table 6)  Thus, the inclusion of salinity into the analyses has a
moderate impact on the data requirements. Both power analyses (with and without salinity)
show that data from Pos. 8 does not contribute with any substantial information and that it has
very little effect on the power analysis with all stations. 
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Table 6: Power analysis with salinity as explanatory variable. Length of monitoring
program before and after construction in days required for detecting a change of d% with a
probability >80% for pairwise combinations of stations in control and impact area (one
station in each area). The length of the monitoring program, when all 5 stations are used,
is shown in the last row. Calculations are carried out on the estimated standard error of the
BACI effect.

Relative change

Test
Station in
Impact
Area

POD no.
Station in
Control
Area

POD no.
10% 20% 30% 40% 50%

Pos. 5 53281 (X) Pos. 1 37 (I) 1895 565 296 194 143

Pos. 5 53281 (X) Pos. 3 38 (I) 1800 537 281 184 136

Pos. 5 53281 (X) Pos. 8 32 (I) 5803 1730 905 593 438

Pos. 5 53281 (X) Pos. 8 41 (I) 6822 2034 1064 697 514

Pos. 6 40 (I) Pos. 1 37 (I) 1128 337 176 116 85

Pos. 6 40 (I) Pos. 3 38 (I) 1033 308 162 106 78

Pos. 6 40 (I) Pos. 8 32 (I) 5037 1502 786 515 380

St
at

io
n 

v.
 st

at
io

n

Pos. 6 40 (I) Pos. 8 41 (I) 6055 1805 945 618 456

Area Pos. 5+6 53281+40 Pos. 1,3,8 37+38+32 656 196 103 68 50
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3.3 Harbour porpoise distribution  
The first survey was undertaken during the period 15-18/8 and the second survey during 21-
22/8. Sea states above Beaufort 1 occurred several times during the first survey, which
resulted in many breaks of the survey effort. The second survey ran according to schedule, as
conditions here were excellent with flat sea prevailing.

3.3.1 Temporal and spatial variability 
Although the two surveys were executed only three days apart the distribution of harbour
porpoise was markedly different during the two surveys. During the first survey, densities
over 3 animals per km2 were recorded in the intermediate salinity range (30-31 psu) over the
eastern part of Horn Reef, including the wind farm area, and in Slugen (Figure 15). During
the second survey, however, as the intermediate salinity range was advected westwards the
high densities were confined to the central and western part of reef, with fewer sightings in
the traditional high-density area. A comparison between Figure 18 and the salinity
distribution depicted in Figure 14 reveal that the westward advection of higher densities
during the second survey followed the advection of the hydrographical front to between water
masses above/below 31 psu.   

As noted during former surveys calves are common throughout the Horns Reef area in
summer, and a total of 11 and 14 calves were seen during the first and second surveys,
respectively (Figure 19). 

The experiments with the application of towing the POD behind the survey ship in August
2001 did unfortunately lead to a negative result as the method used for towing the POD and
keeping it a specific depth was not working properly. In the mean time, the technique has
been further developed, and towing of PODs is now successfully implemented. The future
surveys will show whether the acoustic survey data can assist the visual observations.



38

Figure 18. Spatial models (kriging) of the distribution of harbour porpoise during the two
surveys on Horns Reef. The minimum density distribution truncated at 0.5 animals per km2

and based on a 90 % confidence level of the predicted densities is given. 
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Figure 19. Sightings of calves during the two surveys on Horns Reef.

3.3.2 Abundance
The estimates of pod size, pod density and total density and abundance of harbour porpoises
obtained during the two surveys are given in Table 7. The abundance of animals increased
slightly between the two surveys from 310 to 462. The higher pod density and pod size
estimated for the second cruise and the modest coefficients of variation of the point estimates
make this difference seem realistic.  Both estimates are in line with results from late summer
in 1999 (density 0.65, cv 23.1%) and 2000 (density 0.49, cv 39.6%). 
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Table 7. Line transect estimates of pod size, pod and animal density and total abundance
for the two surveys on Horns Reef in 2001. 

5-18. August 2001

Parameter Point
Estimate

Standard
Error

Percent Coef.
of Variation

95 Percent
Confidence Interval

f(0) 0.029129 0.000378 12.78 0.002258 0.00375
Effective
search width 343.30 43.882 12.78 266.20 442.73    
Sighting rate 0.18460 0.04357 23.60 0.10988 0.31012    
Pod density 0.26886 0.07216 26.84 0.15370 0.47030    
Pod Size 1.7462 0.11083 6.35 1.5384 1.9820    
Density 0.46947 0.12949 27.58 0.26578 0.82924    
Estimate 310.00 85.505 27.58 175.00 547.00    
24-25. August 2001

f(0) 0.0023609 0.000148 6.27 0.002084 0.002673
Effective
search width 423.56 26.559 6.27 374.04 479.64
Sighting rate 0.28605 0.076569 26.77 0. 15919 0. 51403  
Pod density 0. 33768 0.092834 27.49 0. 18642 0. 61168  
Pod Size 2.0721 0. 14467 6.98 1.8042 2.3797
Density 0.69969 0. 19846 28.36 0. 38366 1.2760
Estimate 462.00 131.05 28.36 253.00 842.00
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4. CONCLUSION

During the last part of the base line period, the results obtained have increased our confidence
in successfully applying a monitoring programme based on combined hydrographic and
acoustic stations and survey data. The application of in situ measurements of salinity has
provided a foundation for understanding the variability of the basic factors governing the
distribution of harbour porpoises at Horns Reef. It was a critical assumption of the application
of PODs in the monitoring programme that the variability of the indicators of porpoise
activity deduced from the T-PODs reflect the variability of the abundance of animals in the
control and impact areas. On the basis of the results obtained during the first six months of
application nothing indicates that this assumption will be violated, as the patterns of
echolocation activity seem to vary in relation to hydrography in the same way as the visual
survey data. Obviously, the link between click statistics and salinity on one hand and clicks
and animal abundance on the other hand needs further study. Yet , it is apparent that the
prospects are quite good that the combination of survey and station data will provide reliable
and interpretable quantitative information about the activity and abundance of harbour
porpoises at a relatively fine spatial and temporal scales. This provides a solid basis for
detecting possible changes in the density of harbour porpoises during the construction and
operation of the wind farm.     
 
Looking at the geographical variation in the click data it’s apparent that they reflect our
general knowledge about the spatial variation in the density of harbour porpoises at Horns
Reef. Although distribution patterns have varied between surveys, they show the same
general trends as the data on click intensity and events; the central and eastern Horns Reef
covered by PODs 3-6 is characterised by a stable, relatively high abundance, the western reef
(PODs 1-2) by more variable abundance and the eastern part of Slugen by low abundance
(POD 8, Skov et al. 2000). The scale of these different ‘compartments’ of Horns Reef is less
than 15 km, which means that the click data seem to be able to indicate distribution levels
within rather discrete areas. The POD data indicate a higher level of activity at the central part
of the reef as compared to the wind farm area. This difference is not apparent in the average
density distributions retrieved from surveys. Future studies will show whether different levels
of activity indicate foraging animals contra animals trespassing the area.

The links shown between the POD data and the data from the hydrographical station in the
wind farm area fit well into the general relationship established between salinity and harbour
porpoise density at Horns Reef (Skov et al. 2000). We find that the highest porpoise activity
is observed for the intermediate salinity regime between 30.5 and 32.5 psu at 10 m depth. In
other words, the stable activity over the central and eastern part of the reef can be linked to
the mean position of the frontal zone, while the variable activity over the western part of the
reef  can be linked to the more irregular occurrence of the frontal zone in this part of the reef.
The positive correlation between salinity and harbour porpoise activity at POD 8 fits well
with the generally low densities recorded in the estuarine waters of the eastern part of Slugen. 
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It is obvious that the porpoise activity in the western part of the reef is lower in the winter
period compared to July-October. We have explained this variation by variations in salinity
and the frequency of westerly winds, which was higher in November-December compared to
the summer and early autumn period. It is likely that monitoring data from several years may
show a consistent seasonal pattern, and that the seasonal variation can be included into future
analyses. 

The results of the power analysis indicate that with the entire available POD data a change in
the order of 25 % should be detectable with the data obtained in the baseline study. The
addition of salinity data increased the power of the collected data by approximately 20 %.
Including seasonal and weather patterns as deterministic effects may potentially reduce the
residual variation and thereby improve the power of the data further. Due to its location
outside the main area of high porpoise abundance, POD 8 does not contribute very much to
the monitoring programme. It could be argued that the POD should be deployed at a different
position with a generally higher porpoise activity. However, as construction has started,  it is
recommended to continue monitoring at POD 8 in order to compare the activity of animals
over the reef with the activity outside the main area of occurrence.

Although the loss of data has been excessive during the first half year of application, we are
positive that the loss of data attributed to memory constraints of the POD will be reduced
during the continuation of the monitoring programme. With the new set-up of the POD
software, we will be able to log data for at least two months before the memory is filled up.
Loss of data due to weather-induced delays of service visits to the PODs is inevitable on
Horns Reef, and it may not be feasible to increase the frequency of visits. 

The largest maintenance problem is related to interference from possibly fishermen. The rate
of interference has increased at an alarming rate in 2002, so that currently (medio March
2002) none of the deployments at Horns Reef are complete !. It is likely that the fishermen
upset the deployment after having trawled into the buoys, and that the criminal act does not
take place intentionally. Urgent action is needed in order to inform and co-operate with the
fishermen in order to reduce the damage to the monitoring programme. The disruption of the
moored gear also includes the two hydrographical stations, which urgently need to be
retrieved together with the PODs, which have lost their buoys.  
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