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LONG-TERM GOALS 
 
The long-term goal of this project is to assess the utility of physical oceanographic measurements (e.g., 
temperature, conductivity, pressure and potentially other variables) made from sensors attached to 
profiling water animals in remote and energetic coastal ocean environments.  This work focuses on 
instruments attached to marine birds (cormorants) and harbor seals at the mouth of the Columbia River 
(MCR).   
 
Two principle analysis directions are being pursued in this project.  First, we are a) developing 
techniques to process marine animal dive profiles to objectively distinguish dives to the bottom from 
dives that do not reach the bottom, b) using bottom dive data to construct a map of bottom soundings 
within and near the MCR, and c) assessing the accuracy and resolution of gridded bathymetric maps 
constructed from these soundings.  Second, depth profiles of temperature and conductivity from diving 
marine animals are used to quantify spatio-temporal variability of temperature and salinity within the 
MCR.  We are quantifying the spatial and temporal resolution that can be effectively resolved by 
individual animals making a series of dives (refered to as a dive bout) and multiple animals diving 
simultaneously. 
 
OBJECTIVES 
 
In this year of the project, we have focused on processing and analyzing profile data collected from 
cormorants in 2013 and 2014.  Our objectives in processing and analyzing the data were to: 
 
1.   Assess the accuracy of dive locations deteremined from interpolating GPS fixes collected before 

and after a dive and its dependence on spatial and temporal separation between GPS fixes. 

2.   Establish a method for distinguishing bottom dives from dives that do not reach the bottom. 

3.   Use bottom dives, corrected for tidal sea level variations, to construct a set of bathymetric 
soundings in the vicinity of MCR and assess the accuracy and biases compared to previously 
collected bathymetric data sets in the region. 
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4.   Process the temperature and conductivity profiles from the diving birds and assess the utility of 
these measurements to quantify spatio-temporal variability in temperature and salinity within the 
MCR.  

 
APPROACH 
 
The water bird study is being conducted in collaboration with Don Lyons and Adam Peck-Richardson 
(Oregon State University, Department of Fisheries and Wildlife).  Instrument package construction and 
deployment and recovery field work was led by Lyons and Peck-Richardson.  The package consisted 
of an integrated GPS, pressure, temperature tag (Earth and Ocean Technology, Kiel, Germany) and a 
backpack harness attachment.  The sample rate of the sensors was either 0.5 or 1 Hz.  The GPS sample 
rate was dependent on whether an animal was actively diving.  When an animal was actively diving 
during a diving bout, the GPS sample rate was 0.5 or 1 Hz when the animal was at the surface.  The 
GPS did not sample when the animal was below the surface. When the animal was not actively diving 
(e.g., roosting or flying) the GPS sample rate was reduced to once every three minutes in order to 
extend battery life.  Some of the packages (13 deployments) were also equipped with a small CTD 
(Star-Oddi, Garðabær, Iceland).  With the current configuration, instrument packages needed to be 
recovered after deployment in order to download data from the sensors.  Batteries could be recharged 
and a package could be used for multiple deployments.  Deployment and recovery took place in 2013 
and 2014 at the cormorant breeding colony on East Sand Island at the MCR (Fig. 1).  Two species 
were tagged – Brandt’s cormorant (a coastal and marine species) and double-crested cormorant (an 
estuarine and freshwater species). 
 
WORK COMPLETED 
 
To date, the following processing and analysis tasks have been completed. 
 
1.   All cormorant GPS, pressure, temperature tag data has been processed. 

2.   Methods for objectively defining dives to the bottom (bottom soundings) have been developed. 

3.   Work to distingish bathymetric sounds from dives that do not reach the bottom has been 
completed and analysis of accuracy and bias in the soundings is underway. 

4.   Processing and analysis of temperature and salinity time series in the MCR obtained from the 
Center for Coastal Margin Observation and Prediction (CMOP; www.stccmop.org) is completed.  
This data is used to establish a time-varying (daily) T/S relationship used to convert temperature 
from the dive profiles to salinity. 

5.   Analysis of spatio-temporal variability in T/S within the MCR is in progress.  Specifically, we 
have completed processing of all geo-referenced cormorant profiles and converted temperature to 
salinity based on the T/S relationship from the CMOP data.  Work to quantify spatio-temporal 
variability is underway. 

 
RESULTS 
 
1.   Summary of cormorant tag deployments in 2013 and 2014.  We define a sample period as a 

continous stretch of time when instruments packages were attached one or more birds.  Data was 
collected for one sample period in 2013 (two Brandt’s cormorants were successfully tagged) and 
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for ten sample periods in 2014 (Fig. 2).  A total of 34 birds were successfully tagged (17 Brandt’s 
and 17 double-crested).  At least two birds were tagged each sample period, with as many as six 
birds tagged during a sample period (period 4 in 2014 starting on 22 June; Fig. 2). Overall, a total 
of 26,491 dive profiles were recorded (Fig. 1). 

2.   Determining dive location.  Location of a dive was determined by linearly interpolating between 
the closest (in time) GPS fix before and after the dive.  Histograms of horizontal spatial separation 
between GPS fixes used to determine dive locations indicate that the separation was typically less 
than 100 m (Fig. 3a).  The temporal separation was typically less than one minute (Fig. 3b).  
During dive bouts, birds typically moved horizontally in smooth lines (e.g., the transect in Fig. 
7a).  Therefore, accuracy in dive locations is likely considerably less than 100 m. 

3.   Distinguishing bottom dives from dives that did not extend to the bottom.  Bottom dives are 
distinguished from dives that do not extend to the bottom, by how long the animal remains at the 
maximum depth of a dive (Dmax) – here we define this as the time the animal remains within 1 m 
of Dmax.  The time spent at the bottom of a dive profile was variable and dependent on bird 
species, with Brandt’s cormorants tending to spend a longer time at the bottom of dives compare 
to double-crested cormorants (Fig. 4).  In addtion, Brandt’s cormorants tended to dive deeper 
compared to double-crested cormorants (Fig. 5). 

Comparing Dmax to the water depth from a bathymetric data set (a composite of multiple sources; 
see Karna et al., 2015; Fig. 7a) shows that Dmax is biased when time at bottom is low, particularly 
for Brandt’s cormorant, and becomes unbiased as time at bottom increases (Fig. 6).  Therefore, 
we define a bottom dive as a dive for which the time spent at the bottom exceeded a threshold, 
Δtmin.  For the subsequent analyses presented here, we set Δtmin to 10 seconds.  With this 
threshold, 34.5% of Brandt’s (14.6% of double-crested) dives are designated as sounding dives. 

4.   Bottom soundings from cormorants and preliminary analysis of errors and biases.  With the Δtmin 
threshold of 10 s described above, mapping of bathymetric variability by sounding dives is 
apparent (Fig. 7b; for example the deepening of soundings with distance offshore; note that 
soundings have not yet been corrected for tides).  This is also apparent in a dive bout of an 
individual bird (Fig. 8b) for which dives defined as soundings by the criterion above (Dmax 
marked by red dots) track the bottom bathymetry (blue line), while many of the dives that do not 
meet the threshold clearly do not reach the bottom. 

However, spatial patterns in bias of bottom soundings may be present.  For example, it appears as 
though soundings in the channel of the MCR are negatively biased (negative, blue, ΔD in Fig. 7c).  
We are currently assessing this bias and attempting to determine potential causes for it (e.g., 
animals targeting the halocline rather than the bottom). 

5.   Temperature and salinity profiles.  Analysis of temperature and salinity profiles is ongoing.  Here 
we present an example section constructed from a transect of dives made by a single Brandt’s 
cormorant on 27 May 2014 (Fig. 8).  A total of 88 dives were made during this transect, spanning 
a distance of about 5 km (Fig. 8b).  During this day, the T/S relationship was strong (Fig. 8c) 
allowing an accurate conversion of temperature to salinity.  Salinity was objectively gridded along 
the transect (Fig. 8d) and reveals strong vertical stratification and along-channel gradients in 
salinity associated with the salt wedge.  
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IMPACT/APPLICATIONS 
 
Sampling coastal regions from marine animal platforms may allow the characteriztion of hydrography 
and bathymetry in estuaries and the coastal ocean at higher spatial and temporal resolution and 
temporal duration than is feasible by moored instrument, shipboard and automous vehicle methods.  
This study is quantifing the effectiveness of marine animal sensor platforms and developing the 
methodologies for processing and interpreting the data collected from these platforms.   
 
RELATED PROJECTS 
 
This study has strong colaborative ties with the tagging projects of Drs. Bryan Wright and Robin 
Brown (seal tagging; ODFW) and Drs. Don Lyons and Dan Roby (cormorant tagging; OSU-DFW), 
both funded under the ONR RIVET-II DRI.  We are also collaborating in ongoing research with Dr. 
Merrick Haller (OSU, Civil and Construction Engineering) to determine whether diving animals 
(particularly cormorants) are resolving and measuring hydrographic variability of small scale features 
(e.g., fronts) that are apparent at the surface in his X-band radar measurements at the MCR.  In 
addition, the approximately 26,000 spatially and temporally-resolved temperature and salinity profiles 
obtained in this study may be a valuable data set for validation of existing numerical simulations of the 
MCR or a dataset to use in data assimilation to constrain and refine numerical simulations of the 
region. 
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Figure 1.  Locations of all recorded dives (26,491) by cormorants in 2013 and 2014.   
Dives by Brandt’s cormorants are indicated by black dots.  Those by double-crested cormorants  

are indicated by red dots. 
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Figure 2.  Tags deployed on cormorants in 2014 and for which data was successfully recovered.  
Horizontal lines indicate the duration on an individual tag deployed and color distinguishes bird 

species.  Not shown are tags deployed on two Brandt’s cormorants in 2013 from 24-27 July. 
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Figure 3.  Histograms showing distribution of a) distances and b) time between GPS fixes used to 
determine cormorant dive locations through linear interpolation. 

 
 

 
 



8 

 
 
 
 

Figure 4.  Histogram showing distribution time at the bottom (in seconds) for a particular dive.  
Time at the bottom is defined as the time an animal spends within 1 m of the deepest depth of a 

particular dive. 
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Figure 5.  Histogram of maximum depth of dive for Brandt’s (black) and double-crested  
(red) cormorants. 
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Figure 6.  Difference (ΔD) between maximum depth of dive, Dmax, and bottom depth at the location 
of the dive based on bathymetric data set vs. time at the bottom of the dive (time spend within one 

meter of the maximum depth of the dive).  A negative ΔD indicates the dive did not go to the bottom.  
The thick solid lines indicate mean ΔD for a given time at bottom. 
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Figure 7.  a)  Color shading of bathymetry in the vicinity of the mouth of the Columbia River (MCR)  
b)  Bottom depths of soundings from bird dives (minimum bottom time = 10 s; 34.5% of all Brandt’s 
dives and 14.6% of all double-crested dives.  Sounding data has not yet been corrected for tides.  c)  
Difference (ΔD) between maximum depth of dive and bottom depth at the location of the dive based 

on bathymetric data set.  A negative ΔD indicates the dive underestimates bottom depth. 
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Figure 8.  Example Brandt’s cormorant transect and dive bout on 27 May 2014.  a)  Location within 
the MOC of the dive bout (dark blue line).  b)  Dive profiles along the transect during the dive bout.  

Dots indicate where a temperature/depth measurement is made.  During this bout, 88 dives were 
made.  Red dots indicate the depths of dives that were objectively classified as bottom soundings 

(dives without red dots were not classified as soundings).  Blue line indicates bottom depth along the 
transect based on a bathymetric data set.  c)  The temperature/salinity relationship in the MOC on 

27 May 2014 used to convert temperature to salinity for the temperature/depth profiles (data 
obtained from the Center for Coastal Margin Observation and Prediction Saturn Observatory -- 

http://www.stccmop.org).  d)  Gridded salinity (psu) section based on the dive profiles in b) and the 
T/S relationship in c). 
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