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Impacts to birds and bats
Collision

Displacement/
Barrier Effects

Birds and bats are at risk of colliding with offshore 
wind turbines resulting in injury or mortality.

Species may avoid wind farms, resulting in 
displacement from areas previously used 
for activities such as foraging. Wind farms 
can also act as barriers to movement such 
as migration.

Habitat Change
Introduction of hard structures into 
marine environment can alter 
ecosystem structure, creating 
“artificial reefs”. 
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What are 
Adverse 
Effects?
• Hazards: physical changes to 

the environment
• Vulnerability: documented 

sensitivity to hazards 
• Exposure: present in a 

development area
• Adverse effects

• Direct: mortality and 
injury; Direct effects are 
the result of a stimulus 
response relationship 

• Indirect: a chain of 
effects pathways that can 
lead to adverse effects

Crichton 1999



Goodale and Milman
2016

Effects are 
going to be 
variable by 
species and 
development 

phase



Data on Hazards
• Existing data from fixed 

bottom turbines
• Hazards from floating 

are likely similar to fixed 
bottom

• Potential differences
• Reef effect, 

currents, upwelling, 
and micro habitat 
changes

• More perching 
opportunities

• Avoidance of large 
turbines

• Unique aspects of GOM
• Species
• Geography



Regional
• Gulf of Maine lacks large-scale high-density surveys
• AMMAPS
• 1970s/80s Manomet/CSAP
• NOAA EcoMon
• NOAA Herring Acoustic
• Waterfowl (not offshore)
• Colonial seabird (not offshore)
Small Scale
• Bold
• GOMCES
• Sea floor mapping
What’s missing?

Avian Data on Exposure: Surveys

What can you learn?
• Spatiotemporal use patterns
• Local abundance (density)
• Local distribution
• Local seasonal changes
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Figure 2. The Gulf of Maine Coastal Ecosystem Survey. Surveyed transects (black lines) and fixed cast 
stations (red circles) during the 2014, 2015, and 2016 summer surveys overlaid on bottom depth layer 
(darker blue = deeper waters). 
 
 

Bird and marine mammal observations 

Across the three survey years, we observed 23 species of bird, seven species of marine 

mammal, and two species of large pelagic fish (Table 2). The number of bird species observed 

was relatively consistent across years; most species were encountered each year. The number of 

observations of individual species, however, varied across years, especially for SGCN. This 

variability in abundance may be attributable to foraging flocks. For example, in 2014, we 

observed a large (100+ individuals) foraging flock of terns (Sterna spp.), and in 2015 we observed 

a foraging flock (50-100 individuals) of Atlantic Puffins, however, in 2016 we did not observe any 

large foraging flocks of any species.  

Marine mammals and pelagic fish observations were more variable. Humpback whales were 

observed only during the summer of 2015. Additionally, we observed ocean sunfish (Mola mola) 

regularly on the southern transects and while transiting throughout the southern region during 

the summer 2014 and 2015 surveys.  Yet, we did not observe any ocean sunfish during the 

summer 2016 survey.  

 

 

 

 

Allyn et al. 2017
 
July 7: To Area 2 and in Area 2 (location between Jeffrey’s Bank and Outer Falls).  
 
July 8: Area 2 and Jeffrey’s Bank 
 
July 9: To Inshore Boothbay Harbor and while transiting inshore from Boothbay Harbor to just 
off Portland.  
 
See Figure 1 for the survey track, Proposed Statoil Lease area, and locations of Area 1 and Area 
2. 

 
 

 
Figure 1: Map of cruise track over the survey period. Date of survey point is indicated by 
different colored dots.  
 
  

BRI 2012

MCMI Wildlife Surveys 2015 – Summary Figures and Tables 
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Figure 1. Maine Coastal Mapping Initiative (MCMI) 2015 wildlife survey study area and track lines. Track lines are shown 
above in black. 

BRI 2016
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Veit et al. 2015



• MDAT Marine Bird 
Abundance and 
Occurrence 
Models

§ Regional-scale 
seasonal 
predictions of 
relative density 
for 47 avian 
species

§ Developed to 
support marine 
spatial planning 
on the Atlantic 
OCS (FL to ME)

§ Provides 
excellent 
regional context

Avian Data on Exposure: Survey Models

What can you learn?
• Regional spatiotemporal use patterns
• Relative abundance
• Regional distribution
• Regional seasonal changes



Many types
• Geolocators
• Motus tags
• Cellular GPS (GSM) tags
• Satellite GPS tags
Species
• Non-marine migratory

• Songbirds
• Raptors
• Wading birds

• Marine
• Colonial nesters
• Migratory 

Data source
• MoveBank
• Researchers

Avian Data on Exposure: Tracking Data

DeSorbo et al. 2020

What can you learn?
• Migration routes
• Foraging areas, distance
• Phenology 
• Spatial resolution and sample size 

limitations
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Figure J-3. Model-estimated tracks of Common Terns (n=5) during the post-breeding dispersal 
period, 29 July - 26 Sep 2017. 

Loring et al. 2019

Common Tern Migration



Spiegel et al. 2017

Movement Models
• Aggregate positions
• Account for 

direction of 
movement

• Account for time
• Model over space

Avian Data on Exposure: Tracking Models

What can you learn?
• Migration routes
• Core use areas



Breeding data
• Seabird colonies (some managed)
• Wading bird rookeries

General knowledge on migratory 
staging areas and routes
• Seabirds
• Shorebirds
• Songbirds: NEXRAD

Bird banding stations
• Species composition
• Body condition
• Phenology
What are key sources?

Avian Data on Exposure: Coastal Use

What can you learn?
• Primary seabird breeding locations
• Listed species breeding sites
• Potential foraging areas and migration 

routes based upon ecology
USFWS



Northeastern Naturalist Vol. 21, No. 1
T.S. Peterson, S.K. Pelletier, S.A. Boyden, and K.S. Watrous

2014

89

 We recorded site location using GPS, and calculated area, distance to the nearest 
mainland for each island, as well as percent land area within 4.8 km of each site 
based on the Medium Resolution Shoreline datalayer of the National Oceanic and 
$WPRVSKHULF�$JHQF\� �12$$� ������ XVLQJ�$UF*,6� �(QYLURQPHQWDO� 6\VWHPV� 5H-
VHDUFK�,QVWLWXWH��5HGODQGV��&$���7KH�LVODQGV�DQG�WKH�EXR\�ZHUH�ORFDWHG�§�±���NP�
from the nearest mainland. The percentage of land within a 4.8-km radius ranged 
IURP����DW�WKH�EXR\�WR�������DW�,VOH�DX�+DXW��7DEOH����
� ,VODQGV�DOVR�YDULHG�FRQVLGHUDEO\�LQ�VL]H�DQG�LQ�W\SH�DQG�DPRXQW�RI�YHJHWDWLRQ���
6PDOO� LVODQGV������KD��+DOIZD\�5RFN��0DWLQLFXV�5RFN��0RXQW�'HVHUW�5RFN��DQG�
3HWLW�0DQDQ�,VODQG��ZHUH�UHPRWH�DQG�ODFNHG�WUHHV��ZKHUHDV�PHGLXP�VL]HG�LVODQGV�
���±����KD��0HWLQLF�,VODQG��$SSOHGRUH�,VODQG��.HQW�,VODQG��6HJXLQ�,VODQG��DQG�*UHDW�
'XFN�,VODQG��VXSSRUWHG�XQGHUJURZWK�DQG�OLPLWHG�SDWFKHV�RI�IRUHVW��,Q�FRQWUDVW��ODUJH�
LVODQGV� �!���� KD�� )UHQFKERUR��0RQKHJDQ� ,VODQG�� ,VOH� DX�+DXW��ZHUH� IRUHVWHG� RU�
SDUWO\�IRUHVWHG��&RDVWDO�VLWHV�LQFOXGHG���IRUHVWHG�SHQLQVXODV��2ZO¶V�+HDG��6FKRRGLF�
Peninsula, and Petit Manan Point. The single buoy (Gloucester Buoy) was southeast 
RI�*ORXFHVWHU��0$������NP�IURP�WKH�QHDUHVW�ODQG��)LJ�����

Collection and analysis of data
 We used various acoustic-detection/recording units, including Anabat SD1, An-
DEDW�6'���DQG�$QDEDW�,,��ZLWK�D�VHSDUDWH�]HUR�FURVVLQJV�DQDO\VLV�DQG�LQWHUIDFH�PRGXOH�
�7LWOH\�6FLHQWL¿F��4XHHQVODQG��$XVWUDOLD���+HLJKWV�DQG�VXSSRUWLQJ�VWUXFWXUHV�IRU�WKH�

)LJXUH����/RFDWLRQV�RI�RIIVKRUH�DFRXVWLF�VXUYH\V�RI�EDWV�GXULQJ�����±������

Types of data
• Acoustic
• Mist-netting
• Tracking
• Maternity roosts and hibernacula

Acoustics offshore
• Islands
• Buoys
• Boats

Key data sources?

Bat Data on Exposure

What can you learn?
• Species composition
• Timing
• Movement related to weather Peterson et al. 2014



Data on Vulnerability
Vulnerable to seabird species
§ Collision: Gulls, cormorants, kittiwake
§ Displacement: loons, auks, sea ducks, gannets

Collision vulnerability ranking
§ Density (exposure), flight height, sitting/flying, flight speed, 

nocturnal activity, avoidance (macro, meso, micro)
§ Flight height: North Atlantic Seabird Catalog & Loring et al. 2019
§ Literature
Displacement vulnerability ranking
§ Avoidance (macro, meso): European studies
§ Habitat flexibility: Literature
Population vulnerability ranking
§ Conservation status and trends: State Status & Partners in Flight
§ Vital rates (reproductive success and adult survivorship): Adult 

Survivorship score from Willmott et al. 2013

Desholm & Kahlert. 2005
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Northern gannet, fall
migration, utilization
distribution

50% - Core use areas

75%
95% - Mean home
range

Surf scoter, fall migration,
utilization distribution

50% - Core use areas
75%
95% - Mean home
range

How do you use the data?
Exposure marine birds
§ MDAT: Spatiotemporal 

variation in planning area
§ MDAT: Regional context
§ Tracking: migration routes
§ Bats and terrestrial: qualitative



How do you use the data?
Relative Vulnerability 
Rankings
§ Wade et al. 2016
§ Kelsey et al. 2018

Collision Risk Models
§ Band et al. 2012
§ Stochastic European 

Model

Bats and terrestrial birds
• Literature
• Weight of evidence

Recognize Uncertainty!

marine birds that have been measured by radar (Krijgsveld et al.,
2011; Cook et al., 2012). This discrepancy is unexplained, but it
seems likely that the radar measurements of flight height are more
reliable where confident of species attribution. Our index indicates
thatmanymarine bird species rarely fly at turbine blade height, and
so appear to have negligible risk of population-level impacts from
collision mortality. These include sea ducks, alcids, storm-petrels
and shearwaters (though the possibility that such birds may oc-
casionally fly higher than normal as a result of disturbance needs to
be borne in mind). The low risk for these species is consistent with
empirical data from long-established offshore wind farms (ICES,
2011). However, it would be desirable to have more data on flight
heights to allow this inference to be converted into a confident
conclusion that might permit species to be scoped out of assess-
ments. In light of new, more detailed data it will be possible to
revise the scorings presented here and establish with more confi-
dence those species at risk. We do suggest however, that species
presented here with high scores should be of particular concern in
relation to offshore wind developments. Gulls, white-tailed eagles,
northern gannets, skuas and divers are identified as being the
groups whose populations are most at risk in a Scottish context.

The recent increase in the use of data loggers on seabirds is
starting to provide more detailed information on the at-sea activity
of seabirds. This should help achieve an increase in the amount of

data available and improve the quality of flight altitude data and
information required for some of the other factors considered in
calculating collision risk (e.g. percentage of time spent in flight and
nocturnal flight activity). It is also possible that, in the near future,
collection of quantitative data on time spent in flight from geo-
location data loggers (for example, based on salt-water switch
recording time spent with the logger immersed in seawater) will
allow scorings to be converted into a quantitative scale rather than
the present qualitative one.

Previous studies indicate that some species of marine bird
avoid wind farms and as such, collision levels are low (Fox et al.,
2006b; ICES, 2011; Petterson, 2005; Lindeboom et al., 2011). Our
collision risk index is likely to require modification in future as
more data become available, and at present should be considered
precautionary in that the relative avoidance responses of different
species are not yet well known. In assessing the potential
importance of displacement for different marine bird species,
although there was strong consensus among reviewers for the
scores used, this consensus may be more a result of uncertainty
than confident agreement, and so the ranking of species needs to
be treated with caution. However, we suggest that species with
scores over 15 (divers, scoters, goldeneye Bucephala clangula,
scaup Aythya marila, common eider, black guillemot Cepphus
grylle, Slavonian grebe Podiceps auritus) should be considered as
focal species for concern with regards to potential displacement
effects. Species with scores below 8 (northern fulmar Fulmarus
glacialis, storm-petrels, shearwaters, gulls, skuas, northern gannet,
little auk Alle alle, and white-tailed eagle) seem very unlikely to be
affected by displacement. It is worth noting that whilst it is clear
that some marine birds do strongly avoid wind turbines at sea,
recent work modelling the cumulative impact of disturbance by
wind turbines suggests that the impact of these through increased
travel distances and habitat loss is trivial, even for species that
show especially strong avoidance behaviour and have a high
displacement ranking, such as red-throated divers Gavia stellata
(Topping and Petersen, 2011).

We are aware that our vulnerability index deals with a limited
set of factors and that there are other potential impacts that are not
necessarily covered. For example, Perrow et al. (2011b) presented
evidence suggesting that little tern Sternula albifrons breeding
success in a colony in Norfolk may have been reduced by a shortage
of young herring Clupea harengus around Scroby Sands offshore
wind farm caused by monopile installation affecting fish repro-
duction locally. To an extent, the high sensitivity of little ternwould
be indicated by our six factors because they are seabirds with a very
short foraging range that utilise a very particular and restricted
foraging habitat, so score as sensitive on the habitat flexibility
factor. However, complex and indirect ecosystem effects such as
alteration of fish and benthic invertebrate abundance by wind
farms is something that is extremely difficult to predict, so caution
is needed in interpretations and collecting post-construction
monitoring data will be important. Once operational, offshore
wind farmsmay possibly enhance food supplies for marine birds by
acting as marine protected areas (e.g. closed to trawl fishing; Defew
et al., 2012). Siting of wind farms can also be influential at specific
sites. For example, turbines placed between a common tern Sterna
hirundo colony and their feeding habitat have had a high impact on
a particular colony (Everaert and Stienen, 2007; Stienen et al.,
2008), which might not be the case where a wind farm is placed
away from the obligatory flight line of birds from a specific
breeding site. In addition, the perception of risk, which seems to
vary among species, and possibly may be as important a factor as
anatomical constraints, may also be relevant, but cannot readily be
scored on a scale, though avoidance may possibly be a proxy for
perception of risk. We considered these indirect and uncertain

Table 3
Ranked species concern in the context of disturbance and/or displacement from
habitat (Disturbance score ! Habitat flexibility score ! Conservation Importance
score)/10.

Species Disturbance
by ship and
helicopter
traffic

Habitat use
flexibility

Conservation
importance
score

Species
concern
index
value

Black-throated diver 5 4 16 32
Red-throated diver 5 4 16 32
Great northern diver 5 3 18 27
Common scoter 5 4 12 24
Common goldeneye 4 4 12 19
Greater scaup 4 4 11 18
Velvet scoter 5 3 11 16
Common eider 3 4 13 16
Black guillemot 3 4 13 16
Slavonian grebe 3 4 13 16
Common guillemot 3 3 16 14
Razorbill 3 3 16 14
Shag 3 3 15 14
Great cormorant 4 3 11 13
Little tern 2 4 13 10
Arctic tern 2 3 17 10
Atlantic puffin 2 3 16 10
Long-tailed duck 3 4 8 10
Roseate tern 2 3 15 9
Sandwich tern 2 3 15 9
Common tern 2 3 14 8
Great-crested grebe 3 4 7 8
Great black-backed gull 2 2 15 6
Black-legged kittiwake 2 2 14 6
Common gull 2 2 13 5
Black-headed gull 2 2 12 5
Little auk 2 2 9 4
Northern gannet 2 1 17 3
Herring gull 2 1 16 3
Great skua 1 2 16 3
Lesser black-backed gull 2 1 16 3
Arctic skua 1 2 14 3
White-tailed eagle 1 2 12 2
Manx shearwater 1 1 17 2
European storm-petrel 1 1 17 2
Leach’s storm-petrel 1 1 16 2
Northern fulmar 1 1 16 2
Sooty shearwater 1 1 12 1

R.W. Furness et al. / Journal of Environmental Management 119 (2013) 56e6664
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accompanied by a clear statement of the assumptions on avoidance made in arriving at that 
estimate, as such assumptions are often be critical to the magnitude of the collision estimate.  
This guidance includes advice on how these outputs should be presented.   

7. Note that the collision risk model stops at an assessment of collision risk.  Where collision risk 
is not negligible, a developer will need to further consider the significance of the predicted 
mortality - which will depend on the sensitivity of the bird population, and the degree of 
protection afforded by legislation and any protected sites in the vicinity which may be 
designated for that species.    

 
 
 
 

Bird behaviour: 
avoidance 
attraction 

Bird survey: 
flight density 
flight height 
distribution 

 
 

Collision risk 
model 

Turbine details: 
rotor diameter 

blade size and variation 
pitch and variation 

rotor speed 

Bird details: 
body length 
wingspan 

flight speed 

 

 

  

 
Significance 
of mortality 

Collision risk: 
     birds/month 
     avoidance assumed 
     range of uncertainty    

 
  standard presentation of 
     information required = 

Fig 1: Role of collision risk model 

Band 2012



What does MDAT tell us?
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What data is missing?

Survey data
§ Are there any local surveys 

available

Local knowledge
§ Fishing community
§ Whale watching and birding trips

Tracking data
§ GPS and satellite tracking studies 

not available on MoveBank

Behavioral vulnerability data
§ Flight heights

Population vulnerability data
§ State conservation status

Coastal concentration areas
§ Colonial breeding sites
§ Migratory staging
§ Winter surveys



Thanks! 
Questions?

Wing Goodale
Biodiversity Research Institute
wing_goodale@briloon.org


