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Abstract

Between June 2008 and December 2010, 76 dead 
pinnipeds were found on the coast of the United 
Kingdom with peculiar injuries consisting of a 
single continuous curvilinear skin laceration spi-
ralling down the body. The skin and blubber had 
been sheared from the underlying fascia and, in 
many cases, the scapula also had been avulsed 
from the thoracic wall. Although previously unre-
ported in the UK, similar distinctive lesions had 
been described in Canadian pinnipeds where they 
were referred to as corkscrew injuries. In the UK, 
identical injuries were seen in both native species 
of pinniped, with 43 harbor seals (Phoca vitulina) 
(57%) and 26 grey seals (Halichoerus grypus) 
(34%) affected, and seven carcasses (9%) for 
which the species could not be determined. There 
were two apparent seasonal peaks in incidence; 
predominantly adult harbor seals were discovered 
during the summer and juvenile grey seals during 
the winter. Postmortem examinations of 20 harbor 
seals revealed they had been alive and healthy 
when the injuries were sustained, with no evidence 
of any underlying disease or disability. Based on 
the pathological findings, it was concluded that 
mortality was caused by a sudden traumatic event 
involving a strong rotational shearing force. The 
injuries were consistent with the animals being 
drawn through the ducted propellers of marine 
vessels and, in some cases, there was a direct cor-
relation with the presence of work boats operating 
in the vicinity. This challenges the conclusions of 
a previous study in Canada that suggested natural 
predation by Greenland sharks (Somniosus micro-
cephalus) was likely to be responsible for these 
injuries. 

Key Words: corkscrew, seal, pinniped, anthro-
pogenic mortality, mechanical, spiral, stranding, 
propeller

Introduction

Stranded marine mammals are an important resource 
for investigating natural disease, environmental con-
taminants, and human-related interactions in the 
wild (Gerber et al., 1993; Dierauf, 1994). Traumatic 
injuries can be caused by natural events such as pre-
dation, intraspecies aggression, scavenger activity, 
and interactions with natural features (Gulland et al., 
2001), or they may result from human activity such 
as encounters with maritime vessels, fisheries (Stroud 
& Roffe, 1979; Gerber et al., 1993; Goldstein et al., 
1999), and man-made marine debris (Shaughnessy, 
1980; Fowler, 1987; Stewart & Yochem, 1987; 
Croxall et al., 1990; Goldstein et al., 1999).

Traumatic injuries in marine mammals can 
be difficult to investigate because events usually 
happen at sea with no witnesses. Despite this, dif-
ferentiation between natural and anthropogenic 
causes is often possible based on the gross evi-
dence available (Read & Murray, 2000); and in 
many cases, the causative agent can be established 
due to the diagnostic appearance of the lesions 
(Read & Murray, 2000; Lightsey et al., 2006).

In recent years, dead pinnipeds have been found 
with peculiar helical wounds. These bear little 
resemblance to any previously recognised inju-
ries, suggesting a novel mechanism is responsible 
(Anonymous, 1998; Lucas & Natanson, 2010). 
These highly distinctive lesions consist of a contin-
uous smooth skin laceration that starts at the head 
and spirals down the body, making between one 
and three revolutions around the trunk, terminating 
at a point between the ribcage and the pelvis. The 
wound edge is characteristically smooth with no 



230  Bexton et al.

serrations; the skin and blubber is sheared from the 
body, exposing large areas of tissue; and in many 
cases, the fore flippers are avulsed from the axial 
skeleton at the scapular joint. The distinctive helical 
wound shape has led to them being referred to as 
corkscrew injuries. 

The earliest documented report of this type of 
injury dates from 1993 when 95 dead seals (pre-
dominantly grey seals) stranded on Sable Island, 
Nova Scotia (Lucas & Natanson, 2010). Hundreds 
of seal carcasses with identical injuries continue 
to be washed ashore on the island every year, and 
researchers there have suggested predation by 
Greenland sharks (Somniosus microcephalus) may 
be involved (Lucas & Natanson, 2010). 

In 1998, the bodies of over a 1,000 immature harp 
seals (Pagophilus groenlandica) washed ashore on 
Prince Edward Island in the Gulf of St Lawrence. 
Many were found to have circumferential and 
spiral lacerations similar to those reported on Sable 
Island, although the actual cause of the mass mor-
tality was undetermined (Anonymous, 1998). 

Since June 2008, dead pinnipeds with remark-
ably similar helical lesions have also been discov-
ered in the United Kingdom. This paper describes 
the prevalence, species, ages, and distribution of 
these cases, and the pathological findings from 
20 necropsies. The diagnostic criteria of the cork-
screw injury are also described to assist in the 
identification of future cases. 

Materials and Methods

Reports of stranded pinnipeds with corkscrew inju-
ries were obtained from wardens of the National 
Trust, Norfolk Police, Sea Mammal Research Unit, 
Scottish Marine Animal Stranding Scheme, Agri-
Food and Biosciences Institute (Northern Ireland), 
and individual members of the public visiting coastal 
areas. Most reported sightings were accompanied by 
detailed witness descriptions and confirmed by pho-
tographic evidence. Some reports were received ret-
rospectively following increased publicity surround-
ing the phenomenon. Information including the date, 
strand location, species, and age-class was recorded. 
Additionally, between June 2008 and November 
2010, 20 carcasses with characteristic lesions were 
retrieved from the shore and transported to the nearest 
wildlife pathology investigation centre for postmor-
tem examination (Royal Society for the Prevention 
of Cruelty to Animals [RSPCA] East Winch Wildlife 
Centre, King’s Lynn; Scottish Agricultural College 
[SAC] Veterinary Investigation Centre, Inverness; Sea 
Mammal Research Unit [SMRU], St Andrews; Agri-
Food and Biosciences Institute–Veterinary Sciences 
Division [AFBI-VSD], Belfast; and Animal Health 
Veterinary Laboratories Agency [AHVLA], Bury 
St Edmunds). Standard necropsies were performed 

according to established techniques for marine mam-
mals (Geraci & Lounsbury, 1993; Dierauf, 1994; 
Rowles et al., 2001). Whole body radiographs were 
obtained for eight carcasses to demonstrate any skel-
etal injuries that might be present and to highlight any 
radio-dense foreign material such as hooks, gunshot, 
other metallic material, or fragments of shark tooth. 
In some individuals, the damaged skin edges were 
re-approximated and temporarily sutured in place 
to accurately visualise the wound pattern. Body dia-
gram drawings were produced to document the loca-
tion, size, and shape of the wounds (see Figure 1), 
and individual lesions were photographed. The skin 
was closely inspected for trace evidence such as 
paint, oil, metal, tooth fragments, and any other for-
eign material. Where appropriate, tissues were fixed 
in 10% formalin and prepared for standard histologi-
cal examination by embedding in paraffin, section-
ing at 6 to 8 µm, and staining with haematoxylin and 
eosin.

The lesions were compared with known causes 
of injury in pinnipeds to investigate possible aeti-
ologies. The species and age-class of confirmed 
cases were analysed for any trends, and the area 
where each stranded seal was retrieved was 
explored for possible natural or anthropogenic 
contributing factors. 

Results

A total of 76 pinnipeds with characteristic cork-
screw injuries was recorded in the UK between June 
2008 and December 2010 (Table 1). The species 
most frequently affected was the harbor seal (Phoca 
vitulina), comprising 43 (57%) of the reported 
cases, with 26 grey seals (Halichoerus grypus) next 
at 34%, along with seven carcasses (9%) for which 
the species was not identified (Table 1). Of the 
harbor seals for which sex was recorded, 25 were 

 

 

 

 

 

 

 

 

 

 

 

                Figure 1. Body diagram showing typical helical wound shape 

 

Figure 1. Body diagram showing typical helical wound shape
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female (89%), and of these, 21 were adults (84%) 
(Figure 2a). Thirty-two harbor seals (86%) were 
found in the summer months of June, July, and 
August (Figure 2b). Of the grey seals for which 
age-class was determined, 11 were juveniles (73%) 
(Figure 2a); there was also a seasonal peak for this 
species with 12 of the total number (67%) found 
in December (Figure 2b). Pinnipeds with charac-
teristic lesions were recorded in England, Scotland, 
and Northern Ireland, with apparent hotspots in 
Norfolk, England (42) and Fife, Scotland (16), 
which together accounted for 76% of the recorded 
UK cases.

Postmortem examinations were performed on 20 
harbor seals with corkscrew lesions between June 
2008 and November 2010. There were 12 adult 
females; three subadult females; and one each of 
adult male, immature male, juvenile male, juvenile 
female, and an immature animal of undetermined 
sex. The main pathological findings are summarised 
in Table 2, and the typical gross appearance is shown 
in Figure 3. In all cases, the corkscrew lesion was 
considered to be the cause of death due to the extent 
and severity of the injury. There was no evidence of 
any underlying disease or disability, although addi-
tional investigative procedures such as histology 
and microbiology were prevented by decomposition 
in most carcasses. Most of the animals had been in 
good nutritive condition (18), and 10 had remains of 
recently eaten food in the stomach. Obvious bruis-
ing, considered indicative of antemortem injury, 
was present in nine cases, although similar changes 
in further carcasses could have been obscured by 
decomposition. In addition to the main corkscrew 
injury, all the animals had lesions to the head, 
including lacerations to the muzzle and/or trauma to 
the skull consistent with a traumatic frontal impact. 
Patterned injuries consisting of a series of regularly 
spaced linear or triangular lesions were also present 
in five individuals (Figure 4). 

Discussion

Pinniped carcasses with distinctive corkscrew 
wounds have been identified at different locations 
throughout the UK since 2008, and in Canada 
since 1993. Seventy-six carcasses were recorded 
in the UK between June 2008 and December 
2010; however, the true number of cases is likely 
to be higher due to under-reporting, misdiagnosis, 

Figure 2a. Age structure of pinnipeds with corkscrew 
injuries in United Kingdom (2008-2010)

Figure 2b. Month of stranding of pinnipeds with corkscrew injuries in UK (2008-2010)
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carcasses not reaching land, carcasses stranding in 
remote and inaccessible locations, and the lack of 
a coordinated national reporting system for dead 
pinniped strandings in the UK. 

A corkscrew injury is defined pathologically 
as a continuous curvilinear laceration that spirals 
down the body, combined with severe avulsion 
(degloving) of the skin and blubber from the under-
lying fascia. Despite occurring in many different 
geographical areas, both in the UK and Canada, 
the corkscrew lesions are remarkably consistent 
in all cases, suggesting a common mechanism 
is responsible. Degloving injuries are generally 

caused by a tangential (shearing) force applied 
across the skin (Kudsk et al., 1981). In humans, 
they are sometimes called wringer and roller inju-
ries because they were traditionally associated 
with the rotating moving parts of clothes wring-
ers or industrial rollers (MacCollum, 1938; Kudsk 
et al., 1981; Antoniou et al., 2005). Nowadays, 
most human avulsion injuries are sustained during 

Table 2. Summary of main pathological findings

Necropsy finding Number (N = 20)

  1. Continuous helical skin laceration originating at the head and spiralling down the body 20 (100%)
terminating between the ribcage and pelvic area (corkscrew wound) (Figure 3)

  2. Skin and blubber sheared from the underlying fascia with connective tissue attachments torn 20 (100%)
caudolaterally (Figure 3)

  3. Scapular attachments to the axial skeleton severed and the fore flipper partially degloved 18 (90%)

  4. Wound edge smooth and perpendicular or angled slightly caudally to the axis of the body, 20 (100%)
with hairs immediately adjacent to the wound uncut

  5. Bruising, notably to the neck, thoracic inlet, and/or sternum consistent with blunt trauma to 9 (45%)
the chest area

  6. Animals in good physical condition with adequate blubber reserves 18 (90%)

  7. Food remains in the stomach consistent with recent feeding activity prior to death 10 (50%)

  8. Radiographic confirmation of the absence of foreign material such as metal fragments, 8 (100% of those 
hooks, gunshot, or embedded tooth fragments radiographed)

  9. Absence of any additional significant gross pathological changes indicative of underlying 20 (100%)
disease or injury 

10. Absence of any significant histopathological changes 4 (100% of histological 
examinations)

11. No significant tissue loss associated with wounds 20 (100%)

12. Lesions to the head, including slice wounds on the muzzle or skull fractures with lesion 19 (95%)
orientation consistent with a frontal impact

13. Patterned injuries comprising a series of linear or triangular wounds or abrasions 15 mm in 5 (25%)
length and 12 to 15 mm apart (see Figure 4)

Figure 3. Typical gross appearance of corkscrew injuries

Figure 4. Regularly spaced triangular claw-like lesions 
lateral to right nostril
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vehicle collisions, especially when the skin is 
entrapped against a spinning wheel (Kudsk et al., 
1981; Antoniou et al., 2005). Similar avulsion 
injuries are occasionally seen in cats that rest in the 
engine compartment of a parked vehicle. When the 
vehicle is started, the sudden high speed rotation 
of the fan belt can result in the skin being torn from 
the underlying tissue (Aiello, 1998). Avulsion of 
the skin and blubber in pinnipeds requires consid-
erable mechanical force and the corkscrew injuries 
are consistent with a powerful rotational shearing 
force similar to the above scenarios. 

The injuries bore little resemblance to previ-
ously recognised causes of trauma in pinnipeds: 
a boat propeller strike typically produces a series 
of deep, parallel, regularly spaced lacerations, 
usually to the flank or dorsum (Goldstein et al., 
1999; Gulland et al., 2001; Wood, 2001; Lightsey 
et al., 2006); entanglement in discarded rope, net-
ting, and other man-made debris usually results in 
the material becoming wrapped around the neck 
causing deep circumferential wounds (Stroud & 
Roffe, 1979; Bonner & McCann, 1982; Fowler, 
1987; Stewart & Yochem, 1987; Goldstein et al., 
1999); and shark attack generally results in a char-
acteristic U-shaped bite mark with a serrated edge 
and tooth marks, although, to the authors’ knowl-
edge, shark predation has never been confirmed 
in the UK (Brodie & Beck, 1983; Alcorn & Kam, 
1986; Lucas & Stobo, 2000; Gulland et al., 2001) 
(see Figures 5a, 5b & 5c). Pinnipeds can also 
be injured during intraspecific fighting, by dog 
attacks, and by falling on rocks and other natural 
features, resulting in puncture wounds and abra-
sions, mostly to the flippers and ventrum (Stroud 
& Roffe, 1979).

Postmortem examinations revealed the major-
ity of seals were in a good nutritive state with 
adequate blubber reserves and no signs of any 
underlying disease or disability. Contusions, 
indicating the trauma had occurred antemortem 
(Riviello, 2010), were present in nine individu-
als, and may have been obscured in others due to 
postmortem change. The injuries were very severe 
and extensive and would have caused significant 
haemorrhage, resulting in shock and rapid death. 
The majority of carcasses that wash ashore have 
probably died relatively close to where they are 
found (Wilson et al., 2007), especially when they 
are freshly dead and therefore have not been in 
the water for very long. All locations where cork-
screw seals have been found have been relatively 
shallow coastal waters with sand or gravel seabed, 
but no other common factors link them such as 
unusual fishing methods, sand and gravel extrac-
tion, military or naval operations, wave or tidal 
energy systems, underwater turbines, or large 
pelagic predators. 

Previous researchers in Canada proposed that 
Greenland sharks could be responsible for the 
lesions (Lucas & Natanson, 2010). They suggested 
the sharks grasp the seal with their jaws and then 
spin around their axis causing the seal’s skin to 
split, claiming the helical wound shape is due to a 
natural tendency of pinniped skin to cleave in this 
fashion (Lucas & Natanson, 2010).

 Greenland sharks are a deep, cold water spe-
cies that naturally inhabit circumpolar regions 
between -0.6 and 10° C (although they have also 
occasionally been observed foraging in relatively 
shallow estuaries in temperatures up to 12° C) 
(Harvey-Clark et al., 2005; Stokesbury et al., 

Figure 5a. Parallel chop wounds from propeller strike

Figure 5b. Neck collar lesion due to entanglement in marine 
debris

Figure 5c. Bite profile associated with attack by a shark 
(Courtesy of John Mosier, Pelagic Shark Research 
Foundation)
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2005). Although not uncommon in Canada, they 
are rare in British waters (Vas, 1991; Peirce, 
2008). Moreover, they are extremely unlikely to 
be found in the coastal waters around Blakeney 
in July (where many of the seal bodies were dis-
covered) because the mean sea temperature at that 
time is 17.5° C (Norris, 2001), well above the 
upper limit of the temperature range for this cold-
adapted species (Chris Harvey-Clark, 12 August 
2010, pers. comm.). They may have the potential 
to be opportunistic predators, although this has yet 
to be documented in the literature (Harvey-Clark 
et al., 2005), and they are regarded as primarily 
a scavenger species (Fisk et al., 2002; Skomal & 
Benz, 2004; Stokesbury et al., 2005; Yano et al., 
2007). Their diet consists mainly of fish, but a 
variety of different animal remains, including pin-
nipeds, have been found in their stomach contents 
(Fisk et al., 2002; Skomal & Benz, 2004; Yano 
et al., 2007).

There are several other inconsistencies with 
the Greenland shark theory. The pinnipeds in the 
current study all had facial and/or skull injuries 
consistent with a frontal impact, with caudally 
directed tissue avulsion, suggesting they had all 
been injured head-first. Predators rarely attack 
from the front, and sharks typically ambush their 
prey from behind or beneath, inflicting a fatal 
wound, and then wait for their prey to die (Stroud & 
Roffe, 1979; Gulland et al., 2001). Crucially, none 
of the seals at necropsy had any actual bites; and 
when the skin edges were realigned into anatomic 
apposition, there was no missing tissue or other 
evidence of shark feeding such as tooth marks, 
serrations, or tooth fragments embedded in tissue. 
It is unlikely that sharks would expend the energy 
to attack and kill an animal, and then discard the 
body. Additionally, an adult pinniped is capable of 
inflicting a nasty bite in self-defence, and a shark 
would not risk such injury unless intending to 
consume the prey. Furthermore, predators usually 
target weaker individuals (Stroud & Roffe, 1979), 
but most animals in the present study were healthy 
and in good physical condition and are therefore 
more typical of a sudden traumatic event. 

Pinniped integument is relatively resistant to 
lacerations and abrasion, especially on the ven-
tral body surfaces, which are often in direct con-
tact with rough abrasive terrain when hauled out 
(Rommel & Lowenstine, 2001). The epidermis 
is quite thick, and the connective tissue in the 
dermis contains many elastic fibres (Rommel & 
Lowenstine, 2001). The adipose tissue of the hypo-
dermis is also reinforced by collagen and elastic 
fibres making it comparatively rigid (Reynolds 
& Rommel, 1999). In the authors’ experience, 
pinniped integument is relatively difficult to incise 
and tear and shows no natural propensity to cleave 

circumferentially. Although there are anatomical 
cleavage lines that follow the collagen fibres in the 
dermis, called Langer’s lines, there is no evidence 
that pinniped skin naturally splits in the precise 
helical pattern characteristic of the corkscrew inju-
ries as suggested by Lucas & Natanson (2010).

Certain pathological lesions are considered to 
be diagnostic indicators of anthropogenic trauma 
(Read & Murray, 2000). The corkscrew laceration 
was clean, sharp, and uninterrupted, suggesting it 
had been produced in a single smooth stroke. This 
was consistent with the continuous regular motion 
of machinery, and the wound edges displayed no 
imperfections or variations that are typical of nat-
ural causes. 

No significant mechanical devices were iden-
tified in the local areas other than maritime ves-
sels, and these were generally comprised of regu-
lar fishing boats, small commercial vessels, and 
some recreational boats. Most of these vessels 
have conventional screw propellers that would 
not cause corkscrew lesions if a seal was struck, 
but would instead result in pathognomic parallel 
chop wounds (Figure 5a) (Goldstein et al., 1999; 
Gulland et al., 2001; Wood, 2001; Lightsey et al., 
2006). However, workboats, including tugs, multi-
purpose work vessels, and offshore support vessels 
were also occasionally operating in all of the loca-
tions, and, in some areas, particularly in Norfolk, 
there appeared to be a correlation between such 
vessels and the seal injuries. These vessels are 
often equipped with propellers housed within 
cylindrical nozzles or other thrust-augmenting 
devices (e.g., kort nozzles or azimuth thrusters) 
to improve efficiency and manoeuvrability, espe-
cially at high thrust and low speeds (Gaston, 2002; 
Carlton, 2007). These devices possess the compo-
nents needed to create the corkscrew injuries—
namely, rotating blades and powerful mechanical 
shearing forces—and also generate a strong suc-
tion effect that is known to pull objects through 
(Carlton, 2007). A marine mammal encountering 
a ducted propeller would not sustain chop wounds 
because the tip of the blade is shielded by the 
nozzle and the clearance between the outer edge 
of the blade and the inner surface of the nozzle is 
very small (Carlton, 2007). However, if the pro-
peller duct was of sufficient diameter to accom-
modate the body of a seal, the seal could be drawn 
through the device while suspended in the stream 
of fast moving water. Because of its hydrody-
namic body contour, the seal could pass between 
the rotating blades, encountering the leading blade 
edge, thus resulting in a helical laceration down 
the body (Figure 6b). The strong shearing force 
would cause avulsion of the skin and blubber, 
but significant lateral crushing injuries would be 
avoided because the force was primarily directed 
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tangentially. The only appendages projecting from 
the pinniped body are the fore flippers, and, in 
many cases, these had been torn from the body at 
the scapular joint consistent with this mechanism. 
The skull injuries seen in some seals may be the 
result of the initial impact with the rotating blade 

as the animal enters head first. Further evidence 
may be provided by the patterned injuries pres-
ent on some bodies which consisted of regularly 
spaced identical lacerations (Figure 4) or imprint 
abrasions that could correspond to an initial 

A
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Seal injuries in propellers
Author: Steve Bexton BVMS MRCVS
Artist: Debbie Maizels (debbie@zoobotanica.com)

Figure 6. Seal injuries in propellers (Author: Steve Bexton BVMS MRCVS; Artist: Debbie Maizels [debbie@zoobotanica.com])
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encounter with a structure forward of the nozzle 
such as a rudder or rope cutter. 

Healthy marine mammals have good sensory 
function and agility in water, meaning they are 
generally capable of avoiding or evading such 
hazards (Wilson et al., 2007). The trauma was 
sustained head-first, suggesting the seals initially 
approached the device rather than being randomly 
struck, raising the possibility that they had been 
attracted to it for some reason. In order to pass 
through the propeller, the seal must be beneath 
the hull of the vessel facing the stern (Figure 6a). 
This would be more likely if the vessel had a flat-
bottomed hull and was stationary or moving very 
slowly. Floating bodies, such as stationary vessels, 
can act as fish aggregation devices, and the pres-
ence of fish could potentially attract seals to feed 
below the hull. The modern electric motors used 
on many of these vessels are comparatively quiet, 
and the propellers capable of sudden rapid opera-
tion with little warning when dynamic positioning 
systems are active. It is also possible the seals are 
being attracted to certain propellers because their 
acoustics mimic seal vocalisations. The disruptive 
effects of turbidity and noise pollution are also 
possible factors involved (Wilson et al., 2007), and 
reduced visibility caused by sediment disturbance 
(e.g., propeller wash) or noise distraction caused 
by machinery or offshore construction work also 
need further investigation. 

In both the UK and Canada, there appears to 
be a seasonal pattern to the seal mortality, with 
predominantly harbor seals (mostly adult females) 
affected in the summer months and juvenile grey 
seals during the winter (Lucas & Natanson, 2010). 
This may reflect seasonal differences in feeding 
behaviour with female harbor seals staying close 
to shore during the summer breeding season 
(Thompson, 1993). In winter, recently inde-
pendent juvenile grey seals also initially remain 
inshore close to the breeding colony, exposing 
them to increased risk if vessels are operating in 
these shallow coastal waters at the same time.

The pathological findings in the 20 harbor 
seals examined in this study are consistent with 
the animals having been pulled through ducted 
propellers. In some cases, there was an apparent 
correlation between the appearance of carcasses 
on shore and the presence of work boats operating 
in the vicinity, although a direct causal link was 
difficult to establish because of a lack of witnesses 
and the indeterminable time between seal death 
and stranding. The first reports of corkscrew inju-
ries came from Sable Island in the early 1990s, 
which coincided with the installation of offshore 
oil and gas projects on the Scotian shelf close 
to the island. The first recorded cases in the UK 
appear to coincide with the recent expansion of 

the offshore renewable energy industry and the 
associated increase in work boat activity in litto-
ral waters. Further research, including laboratory 
scale experiments, is necessary to confirm the 
exact causal mechanism involved. It is also impor-
tant to identify the precise vessel characteristics 
and operational conditions that result in these seal 
deaths, including why the seals are apparently 
being drawn to these devices, in order to under-
stand the problem and develop long-term mitiga-
tion measures. Assuming many carcasses do not 
make it ashore, the potential impact of this phe-
nomenon could be much greater and could even 
be having negative effects at a population level.
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