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INTRODUCTION

For deep-dwelling physoclists, the rapid decompres-
sion accompanying fishery capture can cause severe
barotrauma, including overexpansion of the swimblad-
der, crushing and bruising of internal organs,
esophageal eversion, exophthalmia, and embolism in
the vasculature (Feathers & Knable 1983, Rummer &
Bennett 2005, Jarvis 2007). Studies examining the
effects of capture-induced barotrauma on release
behavior and survival of species of Sebastes (Pacific
rockfish) show some potential for short-term (Parker et
al. 2006, Hannah & Matteson 2007, Hannah et al. 2008)
and even long-term (Jarvis 2007) survival; however,

only a few studies have examined the long-term effects
of barotrauma on mortality, morbidity, or behavior
(Gotshall 1964, Parker et al. 2006, Jarvis 2007, Brill et
al. 2008). A better understanding of these effects is crit-
ical to the conservation of Pacific rockfish species,
because non-retention of captured fish has become a
major component of management regulations enacted
to rebuild several overfished rockfish species (Pacific
Fishery Management Council 2006). To evaluate the
potential long-term health effects from capture-related
barotrauma, a description of the most common injuries
and an understanding of how these injuries are caused
by rapid decompression are needed. Both have been
described for some physoclists, such as red snapper
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ABSTRACT: Four species of Sebastes (Pacific rockfish) showed evidence of a wide array of internal
injuries from capture-induced barotrauma, including liver and swimbladder damage, organ displace-
ment related to esophageal eversion, and hemorrhage in the pericardium and abdominal cavity.
However, clear evidence of swimbladder rupture was not observed in all fish with external signs of
barotrauma. Injection of air through the body wall into the swimbladders of rockfish carcasses gen-
erated all of the common external signs of barotrauma documented in wild-captured fish, suggesting
that the physical effects of swimbladder gas expansion can create these gross external signs without
embolism from dissolved blood gases. Dissections of injected black rockfish S. melanops carcasses
showed that, typically, injected air escaped the swimbladder without obvious rupture, moving in an
anterio-dorsal direction, generating bulges and air bubbles that were externally visible through the
branchiostegal membrane. Injected air also collected dorsally to the esophagus, posterior to the pha-
ryngeal teeth, causing the esophagus to roll outwards into the buccal cavity (esophageal eversion).
Injected air also frequently traveled further forward, collecting medially to the eyeball, leading to
exophthalmia, and then moved distally along the fascia, invading the corneal stroma from the edges,
resulting in corneal emphysemas. Air injected into the swimbladders of quillback rockfish S. maliger
carcasses generated similar eye effects, but also escaped through ruptures in the branchiostegal
membrane and did not generate esophageal eversion, which is also infrequent in wild-caught speci-
mens. These results demonstrate that the major external signs of barotrauma in Pacific rockfish can
develop as result of escaping swimbladder gases following an internal  ‘path of least resistance’.
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Lutjanus campechanus (Rummer & Bennett 2005). The
external signs of barotrauma have been described for 9
species of Pacific rockfish sampled from nearshore
waters off Oregon (Hannah & Matteson 2007, Hannah
et al. 2008) and for quillback rockfish S. maliger sam-
pled off British Columbia (Berry 2001). Barotrauma-
related internal injuries have also been described for
13 Pacific rockfish species commonly found off south-
ern California (Jarvis 2007). Here, we present data on
barotrauma-related internal injuries for 4 species of
Pacific rockfish commonly captured in nearshore
waters off Washington, Oregon, and northern Califor-
nia. We also present data and observations from air-
injection experiments with black S. melanops and
quillback S. maliger rockfish carcasses to describe the
physical effects of overexpansion of the swimbladder.
Finally, we integrate these data with other published
information on the external signs of barotrauma for
several rockfish species and propose a physical model
that describes how rapid decompression generates the
external and internal signs of barotrauma commonly
seen in Pacific rockfishes.

MATERIALS AND METHODS

Internal and external signs of barotrauma. To inves-
tigate the internal and external signs of capture-
induced barotrauma, we collected specimens of 4
species of rockfish including black Sebastes melanops,
canary S. pinniger, quillback S. maliger, and yellow-
eye S. ruberrimus rockfish. All fish were collected with
recreational hook and line gear during trips on
commercial passenger fishing vessels (charter boats)
operating out of Newport and Depoe Bay, Oregon, in

the summer of 2006. Each rockfish was identified to
species and measured (fork length, cm). Bottom depth
at the capture site was recorded. The external signs of
barotrauma exhibited by each fish were recorded
using standardized criteria (Table 1) following Hannah
& Matteson (2007). Rockfish carcasses were individu-
ally tagged and placed in a cooler or in individual
plastic bags for later dissection.

Rockfish carcasses were dissected using a longitudi-
nal incision from the anus to just below the peri-
cardium. Obvious internal injuries were recorded,
including the condition of the liver and swimbladder;
however, notes on the condition of the rete mirable
were not taken. Organ displacement and the presence
of blood in the abdominal cavity or in the pericardium
were also evaluated. Liver condition was judged on
color as well as evidence of bleeding or tearing. We
used 4 classifications for the liver: (1) normal — usually
white, cream, or yellow; (2) minor hemorrhage — some
pink or red blotches; (3) moderate hemorrhage —
mostly pink; and (4) severe hemorrhage — mostly red,
torn, or bloody.

Swimbladders were scored as either fully intact,
partially ruptured (ruptured tunica externa), or fully
ruptured, as indicated by a visible tear in both layers or
by the swimbladder holding no gas or collapsing under
light finger pressure. Organ displacement was scored
as none, some, or severe. We defined ‘some’ organ
displacement as the liver partially within the pharynx,
but the intestines still within the abdominal cavity.
Severe organ displacement was defined as intestines
stretched along the abdominal cavity and most organs
displaced forward into the pharynx and not visible
upon incision of the abdomen.

Air injection experiments. To investigate how
expanding swimbladder gas generates the internal
and external signs of barotrauma in rockfish, we con-
ducted a brief set of experiments on carcasses of black
and quillback rockfish. For these experiments we used
fish that had showed minimal or no signs of baro-
trauma at capture (no esophageal eversion, exoph-
thalmia, or bulges or gas observed at the branchioste-
gal membrane) and that had been held in seawater
tanks at ambient surface pressure for several months.
Each fish was euthanized with an overdose of MS-222
(300 ppm, Argent Laboratories). Several specimens
were also bled via the caudal vein to minimize the
likelihood of blood becoming supersaturated from
increased pressure in the swimbladder and trans-
ported through the body by residual heart contrac-
tions. We then injected air directly into the swim-
bladder using a hypodermic needle inserted through
the side of the body. We used 2 methods to inject air
into the swimbladder, either compressed air or a
60 cm3 syringe with a 3-way valve that could be closed
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Symptom Indicators

Tight abdomen Abdomen swollen, tight to the 
touch

Bulging membrane Outward bulge in the branchio-
stegal membrane

Membrane emphysema Air spaces or bubbles visible 
within the branchiostegal 
membrane

Exophthalmia (popeye) Eye protruding outward from 
orbit

Ocular emphysema Gas present within the eye or 
(gas in the eye) connective tissue surrounding 

the eye
Esophageal eversion Eversion of esophageal tissue at 

least 1 cm into the buccal cavity

Table 1. Indicators used to define external signs of baro-
trauma in Pacific rockfish Sebastes spp.
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to maintain pressure in the swimblad-
der as the syringe was re-filled. As we
injected air directly into the swimblad-
der, we noted changes in the appear-
ance of the rockfish carcass as a result
of swimbladder overexpansion. All
carcasses were then dissected to
examine the internal effects of swim-
bladder gas expansion and to verify
that the injection needle had effec-
tively pierced the swimbladder. These
dissections were more extensive. In
addition to examining the areas visible
from the abdominal cavity, we exam-
ined the postcranial musculature, the
heart, kidneys, head kidney, and the
areas surrounding these organs, as
well as the eyes and portions of the
skull.

RESULTS

Injuries in recently captured rockfish

The rockfish carcasses we examined
shortly after fishery capture showed
evidence of a wide array of internal
injuries from barotrauma (Table 2).
Severe injuries to the liver were seen
mostly in yelloweye rockfish Sebastes
ruberrimus, most of which were cap-
tured much deeper than the other 3
species (Table 2). However, most fish
we examined had some level of injury to the liver, as
shown by pink or red blotches indicative of hemor-
rhage. The other types of injuries seen included par-
tially or completely ruptured swimbladders, severe
organ displacement, and blood in the pericardium or
abdominal cavity. Organ displacement, sometimes
severe, was seen in most of the black S. melanops,
canary S. pinniger, and yelloweye S. ruberrimus rock-
fish we examined. Swimbladder rupture was highly
variable and was not seen in all fish with external signs
of barotrauma. For example, all of the canary, quill-
back, and yelloweye rockfish sampled showed evi-
dence of gas under the branchiostegal membrane, but
43, 57, and 100% of the yelloweye, canary, and quill-
back rockfish, respectively, showed no clear evidence
of swimbladder rupture when examined from the ven-
tral side of the swimbladder during dissection.

The differences (between species) in the internal
injuries observed showed some correspondence with
the external signs of barotrauma observed. Black,
canary, and yelloweye rockfish showed moderate fre-

quency of swimbladder rupture and organ displace-
ment, associated with a high frequency of esophageal
eversion (Table 2). In contrast, quillback rockfish did
not show any esophageal eversion and showed no evi-
dence of swimbladder rupture or organ displacement,
suggesting that the physical process of swimbladder
gas expansion may proceed somewhat similarly in
black, canary, and yelloweye rockfish, but differently
in quillback rockfish (Table 2).

Air injection experiments

Injection of air directly into the swimbladders of
rockfish carcasses (Table 3) showed that artificially
increasing the volume of gas in the swimbladder
readily produced all of the external signs of baro-
trauma commonly seen in rockfish captured in the wild
(Table 2). With the exception of corneal emphysemas,
the development of the signs also occurred virtually
immediately, while the air was injected, demonstrating
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Signs Black (44) Canary (14) Quillback (5) Yelloweye (7)
16–49 m 22–141 m 33–51 m 44–146 m

depth depth depth depth

External
Tight abdomen 77 71 100 43
Bulging membrane 66 100 100 100
Membrane emphysema 61 100 100 100
Exophthalmia 18 21 40 14
Ocular emphysema 7 43 20 86
Esophageal eversion 62 86 0 100

Internal
Liver condition
Normal 43 50 20 0
Minor hemorrhage 34 29 20 43
Moderate hemorrhage 9 21 60 14
Severe hemorrhage 14 0 0 43

Swimbladder condition
Intact 30 57 100 43
Torn tunica externus 23 36 0 29
Ruptured 48 7 0 29

Organ displacement
None 30 7 100 14
Some 25 43 0 29
Severe 45 50 0 57

Blood in peritoneal cavity
None 75 57 100 57
Some 16 36 0 29
Severe 9 7 0 14

Blood in pericardium 
None 80 93 100 57
Trace 14 7 0 0
Severe 0 0 0 0
Data not taken 7 0 0 43

Table 2. Sebastes spp. Percentage of specimens of 4 species of Pacific rockfish 
displaying external and internal signs of barotrauma. Parentheses: n; Black: S.
melanops; Canary: S. pinniger; Quillback: S. maliger; Yelloweye: S. ruberrimus
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that the physical expansion of swimbladder gas can
generate the gross external signs of barotrauma
frequently observed in wild-captured rockfish.

We also observed slow leakage of gas from a wide va-
riety of locations on the skin of rockfish carcasses while
air was injected into the swimbladders, making it impos-
sible to relate the volumes of air injected precisely to the
development of specific external signs of barotrauma.
However, a typical progression of signs was observed in
the carcasses injected by syringe. Following the injection
of about 100 to 300 cm3 of air, bulging of the branchioste-
gal membrane and gas bubbles externally visible
through the branchiostegal membrane were observed.
Exophthalmia, with or without esophageal eversion, de-
veloped after approximately 225 to 300 cm3 of air had
been injected into the swimbladders of black rockfish
carcasses and after about 700 cm3 of air had been in-
jected into the swimbladders of quillback rockfish
carcasses. As exophthalmia persisted, gas was observed
to invade the fascia around the eye, and then to enter the
corneal layers beginning at the margins, creating
corneal emphysemas. We have also observed gas invad-
ing the corneal layers from the margins of the eye in
freshly captured rockfish with exophthalmia. As in the
wild-caught quillback rockfish (Table 2), no esophageal
eversion was noted in quillback rockfish carcasses
as a result of manual swimbladder over-inflation. How-
ever, we observed air escaping from the quillback rock-
fish carcasses through ruptures in the branchiostegal
membrane. This mechanism has been suggested by
Hannah et al. (2008) as a possible explanation for the fact
that quillback rockfish with barotrauma are very suc-
cessful at re-submerging when released at the surface,
an effect also associated with a low frequency of eso-
phageal eversion.

Dissections of the carcasses of black and quillback
rockfish following air injection to the swimbladder
showed a typical pathway for escaped swimbladder

gas. We noted numerous gas bubbles infusing the
fascia within the postcranial musculature. Frequently,
this evidence of injected swimbladder gas traveling in
an anterio-dorsal direction was not accompanied by
any clear evidence of ruptures in the swimbladder
membranes. Gas was also found medially to the eye-
ball, between the globe and surrounding orbital bones.
To reach this location, gas appeared to travel anteriorly
along the ventral surface of the skull and into the orbit.
Gas bubbles were also noted in the tissues of the kid-
ney, head kidney, heart, pericardium, and dorsal aorta.

DISCUSSION

Considered together, these data provide new in-
sights into the development of the common external
signs of barotrauma in black, quillback and perhaps
other Sebastes species (Pacific rockfish) that develop
similar external signs. The data on internal and exter-
nal injuries (Table 2), in combination with the results of
the air injection experiments (Table 3), show that at
least in some rockfish species, expanding gas escapes
from the swimbladder without leaving a visibly obvi-
ous rupture (Table 2). The escape of swimbladder gas
in the absence of visible rupture suggests that swim-
bladder expansion may lead to increased permeability.
The air injection experiments with black rockfish S.
melanops further suggest that in species that fre-
quently develop esophageal eversion, escaping swim-
bladder gas tends to travel anterio-dorsally, infusing
the tissues in and around the head kidney, heart, and
postcranial musculature. Gas collecting in these loca-
tions likely contributes to the bulging of the bran-
chiostegal membrane and associated gas bubbles that
can frequently be observed through the branchioste-
gal membrane in wild-captured rockfish (Table 2 and
see additional data in Berry 2001, Hannah & Matteson
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Specimen Volume Tight Bulging Membrane Exophthalmia Ocular Esophageal
injected (cm3) abdomen membrane emphysema emphysema eversion

60 cm3 syringe 
Black rockfish 600 X X X X
Black rockfish 500 X X X X X
Black rockfisha 1140 X X X X X
Quillback rockfish 1000 X X X X X
Quillback rockfish 1000 X X X X

Compressed air
Black rockfish X X X X
Black rockfish X X X X X X
aUpon dissection, the injection needle was found to have penetrated the musculature dorsal to the swimbladder

Table 3. Sebastes spp. External signs of barotrauma observed following the manual injection of air through the lateral body
wall directly into the swimbladder of black S. melanops and quillback S. maliger rockfish carcasses using a 60 cm3 syringe or 

compressed air
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2007, Jarvis 2007, Hannah et al. 2008). As gas volume
increases in these areas, it can cause a ‘rolling out’ of
the esophageal tissue, beginning just posterior to
where it is anchored at the pharyngeal teeth. Further
anterior gas travel, indicated by air bubbles observed
in this experiment in the orbit, medial to the eyeball, is
the likely cause of exophthalmia. After traveling dis-
tally through the ocular fascia, gas causes corneal
emphysemas, generally observed as ‘gas bubbles in
the eye’. For quillback rockfish S. maliger, the data on
external and internal injuries and the injection experi-
ments suggest that escaping swimbladder gas also fre-
quently travels anteriorly and can create similar eye
effects, but generally does not collect in sufficient
quantities in the area dorsal to the esophagus and pos-
terior to the pharyngeal teeth to cause esophageal
eversion, probably because it typically escapes slowly
through ruptures in the branchiostegal membrane.
This is supported by the low frequency of esophageal
eversion reported in captured quillback rockfish (Han-
nah & Matteson 2007, Hannah et al. 2008). Slow
escape of swimbladder gas through ruptures in the
branchiostegal membrane may also explain the find-
ing by Berry (2001) that decreasing the rate of ascent of
quillback rockfish during capture reduces the fre-
quency of exophthalmia.

The data presented here suggest that the gross ex-
ternal signs of barotrauma in Pacific rockfish, although
variable between species and individuals, primarily
develop as a result of expanding swimbladder gases
following a path of least resistance within the body of a
rockfish and not from exsolution of gas from bodily flu-
ids. For quillback and black rockfish, this path is typi-
fied by swimbladder gas moving in an anterio-dorsal
direction, and either escaping through the bran-
chiostegal membrane or accumulating in various areas
that yield to gas expansion, or both. This pattern of gas
expansion is also supported by magnetic resonance
imaging (MRI) scans of rockfish with barotrauma
(Rogers et al. 2008) that show pockets of gas anterior to
the swimbladder and within the orbits, medial to the
eyeball. This pattern differs from that seen in some
other physoclists. For example, in red snapper Lut-
janus campechanus, swimbladder expansion proceeds
caudally at first, then cranially as swimbladder gas ex-
pands further (Rummer & Bennett 2005). As might be
expected, one of the most frequent barotrauma-related
injuries recorded for red snapper by Rummer & Ben-
nett (2005) was cloacal prolapse. This sign was not
noted in this study or by Hannah & Matteson (2007) or
Hannah et al. (2008), and was generally observed at
levels of <25% for the southern rockfish species stud-
ied by Jarvis (2007).

If our proposed physical model for the typical travel
of swimbladder gas in these rockfish species is correct,

it may be applicable to many rockfish species that
show similar external signs of barotrauma. Of the 9
rockfish species considered by Hannah & Matteson
(2007) and Hannah et al. (2008), yelloweye Sebastes
ruberrimus, silvergrey S. brevispinis, blue S. mystinus,
tiger S. nigrocinctus, and widow S. entomelas rockfish
show a high frequency of esophageal eversion that
may be generated in a manner similar to what we
observed here with air-injected black rockfish car-
casses. Conversely, yellowtail S. flavidus rockfish
showed a low frequency of esophageal eversion and
may follow the model of quillback rockfish, in which
gas escapes through ruptures in the branchiostegal
membrane. This is supported by the observations of
Pearcy (1992) of gas bubbles emanating from under
the operculum of yellowtail rockfish during ascent. Of
the 17 rockfish species reported on by Jarvis (2007),
most showed a high frequency of esophageal eversion.
With the possible exception of olive rockfish S. serra-
noides, none of the species Jarvis (2007) worked with
showed a consistently low frequency of esophageal
eversion at capture depths >40 m, as has been shown
for quillback and yellowtail rockfish (Berry 2001, Han-
nah & Matteson 2007, Hannah et al. 2008). Although
the physical process by which the signs of barotrauma
develop (and perhaps even some of the common inter-
nal injuries) may be similar between many rockfish
species, studies of post-release behavior and survival
suggest that survival after barotrauma varies widely
between species (Hannah & Matteson 2007, Jarvis
2007).

Knowledge of the kinds of internal injuries and the
typical paths of escaping swimbladder gas associated
with capture-related barotrauma is important because
it can help identify potential causes of capture-related
mortality in released fish, and the most likely long-
term health and behavioral deficits resulting from fish-
ery capture. This raises an interesting question: Why
has the physical process of swimbladder gas expansion
in Pacific rockfish received so little study? The reason
may be that, although Pacific rockfish have been
exploited in fisheries for many years, the conservation
strategy to require the release of captured fish is a
recent phenomenon (Pacific Fishery Management
Council 2003) and has thus only recently prompted
new interest in the health of released fish. Earlier
studies of barotrauma in Pacific rockfish were directed
either at estimating survival (Gotshall 1964) or on
understanding normal swimbladder function in rela-
tion to behavioral ecology (McElderry 1979).

The internal injuries recorded here for 4 species of
rockfish and our proposed model for typical swim-
bladder gas expansion suggest several areas in which
capture-related barotrauma may cause mortality or
long-term health problems. Potential causes for mor-
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tality include exsanguination from bleeding into the
abdominal cavity, as noted by Parker et al. (2006) for
black rockfish (Table 2), and vascular gas embolism
interfering with cardiovascular function. The presence
of gas in the aorta and heart of rockfish carcasses fol-
lowing injection of air into the swimbladder suggests
that vascular gas embolism can occur mechanically in
rockfish from swimbladder gas moving through tissues
and not just from exsolution of dissolved blood gases.
Longer term health deficits could arise from damage to
the liver and other internal organs as a result of moder-
ate or severe organ displacement (Table 2) or organ
torsion as observed by Jarvis (2007). Damage to the
kidney, head kidney, or heart as a result of anterior
travel of swimbladder gas is also likely. Long-term
damage to the swimbladder from rupture is also possi-
ble; however, the swimbladders of black rockfish and
some other physoclists have shown an excellent ability
to heal following rupture (Burns & Restrepo 2002,
Nichol & Chilton 2006, Parker et al. 2006). Exoph-
thalmia could also lead to vision deficits via the stretch-
ing or parting of the optic nerve (Rogers et al. 2008)
and corneal emphysemas could lead to long-term loss
of visual acuity from corneal damage. This is supported
by the finding of Berry (2001) of a high incidence of
permanent eye damage in quillback rockfish that sur-
vived capture-related barotrauma.
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