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Synopsis

Selection to maximize electroreceptive search area might have driven evolution of the cephalofoil head morphology
of hammerhead sharks (family Sphyrnidae). The enhanced electrosensory hypothesis predicts that the wider head
of sphyrnid sharks necessitates a greater number of electrosensory pores to maintain a comparable pore density.
Although gross head morphology clearly differs between sphyrnid sharks and their closestrelatives the carcharhinids,
a quantitative examination is lacking. Head morphology and the distribution of electrosensory pores were compared
between a carcharhini€Garcharhinus plumbeuysand two sphyrnid shark§phyrna lewiniand S. tibura Both
sphyrnids had greater head widths than the carcharhinid, although head surface area and volume did not differ
between the three species. The raked head morphology of ne&dtakini pups, presumably an adaptation

to facilitate parturition, becomes orthogonal to the body axis immediately post-parturition whereas this change
is much less dramatic for the other two species. The general pattern of electrosensory pore distribution on the
head is conserved across species despite the differences in gross head morgipblpiga lewinhas a mean of

30674+ 1589 SD poresS. tiburohas a mean of 202& 96.6 SD pores an@. plumbeusas a mean of 231F

126.3 SD pores and the number of pores remains constant with age. Sphyrnids have a greater number of pores
on the ventral surface of the head wher€aplumbeusas an even distribution on dorsal and ventral surfaces.

The greater number of pores distributed on a similar surface area pré&idesinipups with a higher density of
electrosensory pores per unit area comparétl gumbeupups. The greater number of ampullae, the higher pore
density and the larger sampling area of the head combine to provide hammerhead sharks with a morphologically
enhanced electroreceptive capability compared to comparably sized carcharhinids.

Introduction forms a cephalofoil that is an unmistakable diag-
nostic feature of the sphyrnid sharks (Compagno
The hammerhead sharks comprise the family Sphyrnida&984).
within the order Carcharhiniformes. They are most  Several hypotheses are proposed to explain the evo-
closely related to the family Carcharhinidae (Naylor lution of the sphyrnid cephalofoil but few have been
1992) and share many morphological similarities with empirically tested. It is suggested that the cephalo-
carcharhinids. However, the eight species of ham- foil acts like a canard to provide hydrodynamic lift
merhead shark are characterized by a unique headand increase maneuvering capabilities (Thomson &
morphology that is not found in any other extant Simanek 1977, Compagno 1984). Compared to a car-
vertebrate. The dorso-ventrally compressed and lat- charhinid, the cephalofoil provides sphyrnids greater
erally expanded pre-branchial region of the head liftand simultaneously confers a loss of hydrodynamic
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stability that might aid the hammerheads in executing electrosensory hypothesis assumes that sphyrnids have
sharp turns (Nakaya 1995). Another hypothesis is that a greater head width than comparably sized car-
the cephalofoil functions in prey manipulation (Strong charhinids and predicts that sphyrnids will have a
et al. 1990). This was suggested upon observation of agreater number of pores which will yield a comparable
great hammerhea®phyrna mokarrajwhich used its or greater pore density.
cephalofoil to restrain a stingray on the sea floor while  This study compares the distribution of elec-
the shark bit off the pectoral fins. Other hypotheses trosensory pores on two sphyrnids, the scalloped
involve potential advantages of spacing sensory struc- hammerheadS. lewinj the bonnetheadS. tiburqg
tures across the surface or at the lateral ends of theand a representative carcharhinid, the sandbar shark,
cephalofoil. Carcharhinus plumbeusiead morphology, pore num-
The large internarial distance might provide ber and pore density are quantified to test the assump-
sphyrnids with greater olfactory gradient resolution tion and predictions of the enhanced electrosensory
(Compagno 1984). Bonnethead sharl&, tiburqg hypothesis in hammerhead sharks.
demonstrate olfactory gradient searching by differen-
tially responding to stimuli in one nostril or the other
(Johnson & Teeter 1985). However, the increased olfac- Methods
tory acuity hypothesis is not strongly supported upon
examination of the sphyrnid head morphology. Theros- Sharks used were incidental mortalities from other
tral edge of the cephalofoil of several sphyrnid species research projects and were sampled by gillnet or long
is characterized by prenarial grooves that extend up to line fishing. Shark precaudal length (PCL), fork length
approximately a third of the head width on each side of (FL), total length (TL) and most head morphometrics
the head (Compagno 1984). As the shark swims, water were measured to the nearest millimeter. Head mea-
at any point along the rostral edge of the cephalofoil is surements taken are illustrated in Figure 1 and include
channeled into the prenarial grooves and transported tohead width (HW), head length (HL), trunk width (TW),
the nares. These grooves serve to concentrate the olfacmouth width (MW), mouth length (ML), mouth to
tory stimuli atthe expense of resolution as the shark will snout distance (MS), internarial distance (IN) and left
only be able to determine that an odorant was detectedand right head angle (HA). After measurement, heads
and not be able to determine if the source was medial were severed in the transverse plane at the posterior
or distal along the rostral edge of the cephalofoil. edge of the lower jaw and the bodies discarded. This
Itis also suggested that the eyes situated at the distalposition was chosen to standardize shark head length
ends of the cephalofoil may enhance binocular vision across species based on a skeletal feature and because
anteriorly and increase the visual field whereas the large no electrosensory pores are located caudal to the pos-
surface area of the head may increase the area samterior edge of the lower jaw. Morphometric data were
pled by the lateral line (Tester 1963, Compagno 1984). log transformed prior to analysis to allow utilization of
Neither of these hypotheses have been tested. Finally,linear statistical methods.
by spacing the electroreceptors over a wide area, the The head angle was defined as the angle described
sphyrnid head morphology may provide the sharks with by a line from the antero-lateral edge of the incurrent
a broader area of coverage and increased probability of naris to the opposite naris and then to the anterior edge
encountering prey-generated electric fields (Compagno of the center of the head (Figure 1). A high-resolution
1984). The various hypotheses are not mutually exclu- image of the ventral surface of the head was digitized
sive and it is the enhanced electrosensory hypothesison a flatbed scanner and head angles were measured
that is examined in this paper. with image analysis software (NIH Image v1.61). A
The enhanced electrosensory hypothesis states thamean head angle was obtained for each individual by
the laterally expanded sphyrnid cephalofoil maximizes averaging measurements for left and right sides.
search area coverage to increase the probability of Two methods were employed to measure surface
detecting prey. The wider head would sample a greater area of the head. Each head was placed ventral sur-
volume of the surrounding medium but there would face down on a piece of paper and the head outline was
need to be a corresponding increase in the num- traced. The outline was digitized on a flatbed scanner
ber of electrosensory pores over the wider head areaand image analysis software (NIH Image v1.61) was
to maintain comparable spatial resolution of small, used to measure the area of the head tracing. Surface
prey-generated electric fields. Therefore, the enhancedarea was then estimated by doubling the traced area to
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Table 1 Mean number of electrosensory pores, standard devia-
tion, range, sample size and range of shark sizes for scalloped
hammerhead, bonnethead, sandbar and blacktip sharks.

Species Mean SD Range n Shark
pores PCL (cm)

S. lewini 3067 158.9 2796-3400 35 36.1-59.4

S. tiburo 2028 96.6 1891-2223 19 38.0-70.0

C.plumbeus 2317 126.3 1983-2585 36 53.4-116.0
C.limbatus 2224  167.9 2038-2364 3 45.2-132.0

spigot. Head volume data were log transformed prior
to analysis.

After measurement, heads were fixed in 10% forma-
lin, allowed to soak in several changes of freshwater
for 24—-48 h, transferred through a graded alcohol series
(10%, 20%, 40% isopropanol) and preserved in 40%
isopropanol.

Total number of electrosensory pores was counted
for 35 S. lewinj 19 S. tiburg 3 C. limbatusand 36
C. plumbeusdividuals. The size ranges included indi-
viduals from juveniles to adults for all species except
S. lewiniwhich included only juveniles (Table 1). Each
Figure 1 Photograph ofthe head of a sandbar sh@rkjumbeus head was divided into dorsal and ventral surfaces and
indicating head morphometrics measured on each individual. all pores were counted on both left and right sides. As

Morphometrics included head width (HW), head length (HL), . . . .
trunk width (TW), mouth width (MW), mouth length (ML), each pore was counted, fingernail polish was applied

mouth to snout distance (MS), internarial distance (IN) and head W'th a tOOthp'Ck_ to prev_ent re_countlng. For the three
angle (HA). Volume and surface area of each head were also Main study species, lewinjS. tiburoandC. plumbeus
measured. four dorsal and eight ventral pore fields were identified
based on natural divisions of the pores on the heads
account for both dorsal and ventral surfaces. A second (Figures 2,3). The pore fields could be recognized on
technique was used to verify the estimate thus obtained. all three species despite the differences in gross head
A subsample of ten heads of each species was selecteanorphology. The number of pores in each of the twelve
torepresentawide range of sizes. Each head was coategbore fields was examined in a subsample of ten indi-
with several coats of liquid latex, which vulcanizes at viduals of each species. Counts of left and right sides
room temperature. The latex was removed from the were summed for each pore field for each individual. A
head in quarters (left, right, dorsal, ventral) and each mean number of pores in each pore field was generated
section was laid out, traced, digitized and analyzed as for the ten individuals of each species. The percent-
above. From this subsample, a correction factor was age of pores in each pore field was calculated from the
generated for each species to more accurately representnean and used to compare the relative number of pores
the true surface area from the head trace area. Correctedcross species.
head area data were normalized by log transformation To compare the pore distribution patterns, a rep-
prior to analysis. resentative head from each species was selected and
Head volume was measured using a seawater volumethe dermis was carefully dissected from the head. The
displacement technique. An acrylic box was filled with intact dermis was cut along the frontal plane to divide
seawater to the level of the spillover spigot in the side the dermis into dorsal and ventral halves which were
of the box. A head was placed into the box and the cleaned of subdermal tissue. Each dermal sample was
volume of water displaced by the head was measured sandwiched between panes of glass, backlit by natural
in a graduated cylinder placed immediately below the sunlight and photographed with color slide film. Pores
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Figure 2 Distribution pattern of electroreceptor pores onthe dor- o
sal surface of the head of scalloped hammerhead, bonnethead andrigure 3 Distribution pattern of electroreceptor pores on the ven-
sandbar sharks. Pores are illustrated on the entire dorsal surfacetral surface of the head of scalloped hammerhead, bonnethead and

and the right side of each head is subdivided into four pore fields Sandbar sharks. Pores are illustrated on the entire ventral surface
(a—d) which correspond across species. and the right side of each head is subdivided into eight pore fields

(e—l) which correspond across species.
appeared as bright points of light against a dark back-
ground of skin. The photographic slides (35mm) of Not surprisingly, there are differences in head width
each skin sample were projected onto paper, the headPetween the three species (ANCOVA, 4 0.0001,
outline traced and each pore mapped. This produceddf = 2). The scalloped hammerhead has the

a direct one to one correspondence map of pores ongreatest head width, the sandbar has the small-
a head. est and the bonnethead is intermediate (Scheffe,

p < 0.0001 for all species). The head width
is approximately 3.01 times the trunk width for
Results S. lewinj 1.67 times the trunk width fos. tiburoand
0.90 times the trunk width fo€. plumbeus
The head width plotted against the length of the shark  Concomitant with the increase in head width is a
for each of the three species is shown in Figure 4. dramatic decrease in head angle in neonatdéwini
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Figure 4 Head width as a function of shark precaudal length. Figure 6. Surface area of the head of three shark species. For any

Whereas head width increases linearly with shark siz8 foburo given size, the scalloped hammerhead shark appears to have a
andC. plumbeusthere is a dramatic increase in head width seen greater head area than the other two species, the bonnethead shark
in immediately post-parturitioS. lewinipups. and the sandbar shark. However, this difference is not significant.
50 — extent inS. tiburowhere the change in head angle is
O 5 fowm PR approximately 5.
S IR VAN Surface area of the heads was compared across the
A C plumbeush & ,A A A T i

three species (Figure 6) as a precursor to calculation
of the pore density (pores cr). Surface area values
estimated by doubling the traced areas were found to
3 o EE@; underestimate the true surface area of the head for all
o oy three species. Values obtained by measuring the latex
8 skins indicate that the trace technique underestimated
surface area of the hammerhead by about 1.0%, of the
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o ° 9 the head trace area to a better estimate of the true area

10 S — , based on the latex tracings. There was no significant
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boL (em) difference in corrected head area between any of the
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species (ANCOVA, p= 0.2950, df= 2). Head volume
Figure 5 Anterior head angle plotted against precaudal length of @ISO did not differ significantly betwees. lewiniand
sharks. Head angle decreases linearly from neonates to adults inC. plumbeugANCOVA, p = 0.2774, df= 1). A sig-
C. plumbeusvhereas a dramatic decrease in head angle is seen in nificant interaction effect witl$. tiburoprecluded that
post-pa_rturiti'orS. lewinipups. A smaller decrease in head angle species from the volume analysis.
is seen ir. tiburoneonates. The scalloped hammerhea®. lewinj had the
greatest number of pores followed 16/ plumbeus
C. limbatusandS. tiburo(Table 1). Because of small
(Figure 5). The anterior head angle & lewini sample size, the blackti@, limbatuswas notincluded
decreases sharply by approximately® 1&s shark in subsequent analyses. The total number of pores does
size increases from about 35-45cm PCL. This sharp not vary significantly with size (age) of the shark for
decrease is not seen @ plumbeusvhere the slight any of the species (ANOVAC. plumbeugp = 0.6287,
decline in head angle is linear from neonates to adults. df = 1, S. lewinip = 0.8237, df= 1, S. tiburop =
The decrease seen 8 lewiniis apparent to a lesser 0.7126, di= 1) and there was no significant difference
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of the head and yielded a mean dorsal to ventral pore

O S lewir = 43412x*%" R? = 0.7632 . .
T ratio of 0.71. The bonnethead had a mean ratio of 0.84.
" . 0 S tburoy =218 T R 2 09967 Although both sphyrnid species had a greater number
4 C.plumbeus y= 105487 R"= 00804 of pores on the ventral surface of the he@dplumbeus
R

had a distribution of pores close to equal on dorsal and
ventral surfaces with a ratio of 1.05. The pore distribu-
tion for C. limbatuswas also close to uniform with a
mean dorsal to ventral pore ratio of 0.94. Despite the
differencesin the number of pores on dorsal and ventral
surfaces, the general pattern of pore field distribution
on the head is conserved across the three examined
species (Figures 2,3).
The pore distribution pattern on the dorsal surface
0 : : ‘ : . of the head was divided into four pore fields (Figure 2)
20 0 60 80 100 120 140 and the pore distribution pattern on the ventral surface
PCL (cm) - . . . . .
ofthe head was divided into eight pore fields (Figure 3).
Figure 7. Electrosensory pore density (poreséjrof scalloped The percentage of pores in each of the pore fields is
hammerhead, bonnethead and sandbar sharks. Juvenile scallopetnostly comparable between the species (Table 2). The
hammerheads have the greatest maximum pore density and dennotable exceptions include a greater number of pores
sity is inversely proportional to the size of the shark. Significant iy section b for the sandbar shark and a greater number
interaction effepts_ prevented the data from being analyzed with of pores in section j for the scalloped hammerhead.
parametric statistics. . . .
In both cases the bonnethead displays an intermediate

: . . value.
in number of pores on left and right sides of the head for

any species (paired t-te€, plumbeup=0.1271, d&=
23,S. lewinip=0.9169, di= 34, S. tiburop = 0.5173, Discussion
df = 18). However, the total number of pores differed
significantly between all three tested species (ANOVA, This paper is the first to quantitatively test the predic-
p = 0.0003, df= 2) with S. lewinihaving more pores tions of the enhanced electrosensory hypothesis based
thanC. plumbeusvhich, in turn, had more pores than upon head morphology and electroreceptor pore dis-
S. tiburo(Scheffe, p< 0.0001 for all species). tribution of carcharhinid and sphyrnid sharks. It is
Pore density was calculated as the number of poreshypothesized that one of the factors that might have
cm~2, For all species, pore density is inversely propor- driven evolution of the sphyrnid head morphology was
tional to the size of the shark because pore number an increase in electroreceptive search area (Compagno
remains constant whereas head area increases withl984). If the sphyrnid head morphology was selected
shark size (Figure 7B5phyrna lewinjuveniles had the  to enhance electrosensory prey detection it is assumed
greatest pore density with a maximum 20.2 porescm  that the sphyrnids will possess a laterally expanded
In contrast, the maximum pore density achieved by head morphology compared to a similar sized car-
C. plumbeusvas 15.5 pores cm. The greater number  charhinid. Given a wider head, it is predicted that the
of pores inS. lewinicombined with the fact that it does  sphyrnids will have a greater number of electrosensory
not differ from the other species in surface area leads to pores to maintain a comparable or higher pore density
the higher density of pores crfor the scalloped ham-  than a carcharhinid. These predictions are supported
merhead. A significant interaction effect among the by the data.
species precluded statistical comparison of pore den- The assumption of the enhanced electrosensory
sities. Any perceived differences must be interpreted hypothesis is that the hammerheads have their elec-
with caution because the size ranges of the species datroreceptors extended over a greater lateral distance
not overlap completely; there were greater numbers of than the carcharhinids. This is obviously true based
smallS. lewiniand largeC. plumbeusndividuals. on the head morphology of the species. Both sphyrnid
The number of pores on dorsal and ventral surfaces species have a greater head width than the sandbar
was also compared. The scalloped hammerhead hadshark (Figure 4) with electrosensory pores distributed
the greatest number of pores on the ventral surface across the entire surface of the head for all species

Pore density {pores cm?)
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Table 2 Percentage of mean number of pores in each dorsal and ventral pore field (Figures 2,3) for
the scalloped hammerhead, bonnethead and sandbar sharks. The percentage of pores in each pore field
is comparable across species even though the total number of pores differs.

Species Dorsal pore fields Ventral pore fields

a b c d e f g h i j k |
S. lewini 124 102 33 152 109 36 117 84 23 196 17 0.7
S. tiburo 11.8 145 4.0 151 9.7 37 121 64 30 162 18 17

C.plumbeus 123 188 2.8 16.5 68 53 145 50 42 105 18 14

(Figures 2,3). Thus, the electroreceptors are distributed conserved across the two genera while still allowing
over a greater lateral distance in the sphyrnid sharks. for some flexibility based on the ecology of individ-
One of the factors which drove evolution of the ual species. Both sphyrnids had a greater number of
cephalofoil might have been selection for a head in pores on the ventral surface of the head whereas the
which the electroreceptors were spaced further aparttwo carcharhinid species had a more even distribu-
to increase the amount of lateral area sampled by thetion of pores over dorsal and ventral surfaces of the
head. This would increase foraging efficiency by allow- head. This difference in pore distribution might relate
ing the shark to search a larger area of the benthos. Ato the feeding ecology of the species. Juvenile scal-
1m PCL sandbar shark has a head width equivalent loped hammerhead sharks feed primarily on benthic
to a hammerhead of only 37cm PCL. Thus, a small prey such as burrowing crustaceans and their associ-
hammerhead is able to search the same lateral area aated goby symbiont (Clarke 1971). Bonnethead sharks
a sandbar shark that is 2.7 times as long. also feed almost exclusively on benthic crustaceans,
There is, however, a cost associated with the such as the blue craBallinectes sapidugCortes et al.
increased head width of sphyrnid sharks. The broad 1996), whereas juvenile sandbar sharks feed on benthic
head, oriented orthogonal to the body axis, makes it crustaceans as well as small fishes in the water column
potentially difficult for the hammerhead pups to be (Medved et al. 1985). Therefore, it would be advan-
born. To minimize the trauma of birth, the head of tageous for sandbar shark pups to be able to detect
sphyrnid neonates is curved back along the side of the potential prey items around the entire head whereas
body to reduce the amount of frontal area that has to sphyrnids have the highest concentration of electrore-
pass through the cloaca of the mother (see Gilbert 1967, ceptors on the ventral surface of the head for detection
Castro 1983). This functional reduction in head width of benthic prey.
is beneficial whether the shark is born head first or  Despite the existence of pore patternillustrations for
tail first. Immediately post-parturition the head angle several elasmobranch species (Daniels 1967, Gilbert
decreases (Figure 5) which reflects the reorientation 1967, Raschi 1978, 1984, Chu & Wen 1979), no quan-
of the head to a position orthogonal to the body axis. titative comparisons have been performed to determine
Among the three species examined, this change in if sphyrnids have a greater number or density of elec-
head shape is most conspicuous in the scalloped ham-rosensory pores compared to carcharhinids. The first
merhead where the head width is greatest. It is also prediction of the enhanced electrosensory hypothesis
present to a lesser extent in the bonnethead, althoughis that sphyrnids should have a greater number of pores
the smaller head width does not necessitate as dramaticcompared to carcharhinids to maintain a comparable
a change in morphology. pore density over the greater head width. The scal-
Despite the fact that the sphyrnids represent the loped hammerhead had a greater number of pores than
most obvious morphological extreme within the order either of the carcharhinid species. In contrast, the bon-
Carcharhiniformes, the pore distribution patterns on nethead had fewer pores. Although the bonnethead
the heads remain recognizable across all three speciediad fewer pores tha@. plumbeusand C. limbatus
examined (Figures 2, 3). In addition to the conservation it had more tharC. obscurugmean number of pores
of pore patterns, the percentage of pores in each of the=1896.8, n= 9) (Raschi 1984) an@. amblyrhynchos
pore fields is mostly similar across species (Table 2). (number of pores= 1440, n= 1) (Daniels 1967). To
This suggests that the basic pore distribution pattern is determine whether the number of pores ®ntiburo
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is atypical of sphyrnid sharks, pore counts must be are more sensitive to weak electric stimuli than are
performed on other sphyrnid species. Thus, the pre- short canals (Obara & Bennett 1972). Therefore, along
diction of greater pore numbers in sphyrnid sharks is with the increase in shark size, the size of the ampul-
validated for the scalloped hammerhead but not for the lae and length of the ampullary canals will increase
bonnethead shark. thus increasing the sensitivity of the electrorecep-
The second prediction of the enhanced electrosen-tors. The decrease in resolution might be offset by an
sory hypothesis is that the sphyrnids should have a increase in sensitivity resulting from canal elongation
comparable, if not greater, density of pores compared to thus resulting in no overall change in electroreceptive
the carcharhinids. A higher pore density implies finer capacity.
spatial resolution that enables the shark to determine This study provides evidence that the head mor-
the location of an electrical stimulus near the body phology of sphyrnid sharks is concordant with the
surface (Raschi 1978). Although the scalloped ham- assumption and predictions of the enhanced electrosen-
merhead pups appear to have a greater pore densitysory hypothesis. The greater number of receptors with
than the sandbar sharks this is likely an artifact of the an equivalentor higher packing density distributed over
size difference of the sampled sharks. Unfortunately, alaterally expanded head morphology indicatesthatthe
the sample does not include large scalloped hammer-sphyrnid cephalofoil demonstrates the characteristics
heads. As the sharks increase in size, the head area andxpected of a head that is optimized for electrorecep-
volume increase but the number of pores remains the tion. Although the sphyrnid head morphology supports
same. Therefore, the pore density will decrease with the predictions of the enhanced electrosensory hypoth-
size (age) of the shark. The decrease in density andesis, behavioral tests are needed to examine whether
attendant resolution might not be a detriment to larger sphyrnids are able to utilize their unique cephalofoil to
scalloped hammerhead sharks because they inhabitdetect and resolve electric stimuli to a greater extent
clear oceanic water where vision can play a more than similar sized carcharhinids.
important role in prey detection (Compagno 1984). As
juveniles, scalloped hammerhead pups inhabit turbid
bays where vision is limited and where they might need Acknowledgements
to rely on other senses for prey detection (Clarke 1971,
Compagno 1984). Therefore, itis advantageous forthe | thank A.C. Bush and R.W.K. Chan for scalloped
pups to have the highest density of pores when they arehammerhead samples, D.H. Adams, C.A. Manire,
most needed. J.P. Tyminski and F.A. Young for bonnethead samples
Although S. lewini had a greater head width and H.W. Pratt Jr. and B.M. Wetherbee for sandbar
(Figure 4), it did not significantly differ in head vol-  shark samples. | thank K.M. Duncan, D.W. Greenfield,
ume compared t€. plumbeusr surface area (Figure  p.A. Nelson, W. Raschi and an anonymous reviewer
6) compared to botlC. plumbeusandS. tibura This who provided helpful comments on the manuscript. |
is ascribed to the large, flat, wing-like cephalofoil of gratefully acknowledge T.C. Tricas for his thorough
S. lewinithat serves to maximize area with minimal review of the manuscript. This work was supported in

volume. The apparently high pore density found in part by the Raney Fund for Ichthyological Research.
S. lewinipups is attributed to the greater number of

pores over a surface area that does not differ from
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sity of pores will provideS. lewinipups with superior
electrosensory acuity but this remains to be tested.
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