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Habitat Characteristics of an Intertidal Aggregation of Pacific
Sandfance (Ammodytes hexapterusl at a North Puget Sound Beach
in Washington

Abstract
Al$ough rhe Pacilic sindlilnce (Arrrrrd\i.,r lr.r.4t.,r!r_) is kno\ln to bufro$ into soti nrrinc scdimcrl lo escxpe predation and
co nsen e energy, l e\r sludjcs have ex am ined its u se of in(crddal habilat i n \\ inter. I ch r.rc terized inlcrlidal sandlance h rbitat rI a
),iorth Puger Sound beach il1 rclation !o iide height. oxygen conccnlration. and \ediment size. The dcnsily ol sandlance increased

significantly as ele! atiLrr in thc il] tcnidal decreased fioln 0.00/n1r al 0.6 I m abole mean lo\!.ef l(xv $ aler ( N{Lt,w ) !o 5.00/m] ar

0.-10 'n belo$ N{LLW Therc $crc no signiiicant dii}erences among dcprhs !o \\hich sandlance were buicd irl drcc clcvalions
(0.30. 0.00. and -0.30 m) in thc inlcrtidal zone (mean = 5.0 cm. rungc = ,1.0 6.0 cm). The oxlsen conlenl ol intcrslitial water at
0.10 In abo\e N{LLW lcndcd (o bc 1()$ ef ar 6.0 cnl (16.56 mn llg) rhan ai .1.0 cnl (31.8.:} mln Hs) in dcplh brLt did not change
dLl|ins .r lo$ tide cyclc wnen sediments $'ere exposcd ro air. Additionall!, there \lrs no signilicanl inlcraction bet$een time of
e\posure and depth on i tersririal $'rter ox)gen conlcnt. Tlc oxygen rension of irterstiliul $alcr at 0.30 'n abole IULLW \\'as
appfoxinatelr- onc lilrh of the sarurxted vrlue Orlgcn conlcnl of \\'atef in equilibfiun $ith air) shorll)- after being exposecl b]
receding t ide rnd renxincd ncar th is le\e l  unt i l  the s i le was rc inundated wi th the inconirg t ide.  Thiso\ygen lerel  i \neaf the

suspected anrerobic nelabolisrn (|rcshold for srndl ce. Disturbrnccs lhar lollef intersritirl oxygen le!.ls or cha.ge lhe srze of

bcach sedinrents could udvencl) allict intertidal rggregations 01 s.rndlancc.

lntroduction

Pacilic sandlance (Arrmodtte s hexttptenrs\ ls found
in coastal areas with soft sediments along the east-
ern Pacitlc Ocean from southern Califomia to the
Bcr rng  Sea rHan l ( )7 .1 t .  fhe  sand l rnee is  an  im-
pofiant prey item ti)r a wide variety ofbirds. fish.
and terrcstrial mammals (Clemens and Wilby 1961,
Shepherd l9li13). During sunmer, sandlance may
burrow into soft marine sediment for shofi peri-
ods to avoid prcdation (Raey l970. 1973). Italso
may bunow at any time when prey (zooplank-
ton) are unavailable. Since the saldlance does
not have a swinr bladdel, energy is required to
maintain position in the water column. Thus bur-
rowing may conscrvc energv (Winslade J97,1.
Pearson et al. 198.1. Quinn 19U7).

Sandlance nray also burrow into sediment dur-
ing winter for rclatively lolg periods of time. Hcaly
(198,1) showed that captive sandlancc spent nearly
three \\"inter months in sand before emerging in
spring to spawn. Winslade ( 1974) suggested that
A. znrhrs overu'inter in sand and use fat reser-!es
acquircd the previous spring and sumntet foL
maintenance of mcabolism. The nechanism(s)
causing these fish to enter this ovcrwinle ng stage
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is sti l l  unknorvn, but Winslade (197,1) suggestcd
that it may be related to level of fat content in the
tish and to local environmental tactors such as
low zooplankton density. low watef temperaturc.
and short day length.

Sandlance burrow into intefiidal sediments of
Puget Sound during winter months, presumably
as part of an over\\,intedng stage, although thcrc
is little infomation on this phenomcnon. Sandlance
aggregations may bc susceptible to a variety of
risks unique to thcir use of intertidal habitat such
as predation tiom terrestdal predators (Dick and
Warner 191i2). In addition. disturbances that lower
interstitial oxygen levels o[change the size ofbeach
sedimcnts could reduce the abil ity of intcrridal
zoDes to support sandlancc. However, to lny kno\\'l-
edge no studics have eramined how winter ag-
gregations of sandlance use intertid l habitat in
the Pacific Nonhwest. The objective ofthis study
was to examinehow sandlance use interlidal habitat
during winter in relation to tide height, intersti-
t ial oxygen concentmtion. and sediment sizc.

Methods and Materials

lntert  da D str ibut lon and Abundance

A pilol study was conducted in winter of 1985 to
determine the general spatial cxtent ofthe intefiidal
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sandlance aggregation at Clay(D Beach. Claybn
Beach is located in the southem pofiion of Larabee
State Park on the northwcst bordcr of Skagit
County, Washington (,18'39 20" N Latitude and
122''29'30" w Longitudc). I mapped 0.30 m el-
evation contoufs on Clayton Beach using aknou
elevation in the upper intertidal zone and a tran-
sit. All t idal elevations were blrsed on mean lowcr
low water (MLLW). r'hich is the 19 year mean
height of the k\ver of two daily krw tidcs and
deflned as 0 m in elevation. Hereafter, all heights
arc in rclation to MLLW. I began by digging holes
(applox. 30 x 30 x 30 cm) at an elevation of 0 m
in an arca of interl idal zone *here I had tirst lo-
catcd sandlancc. I dug approxinately 2 holes/m
as I moved along the 0 m contour in both direc-
tions away from my staning point. I discontin-
ued digging holes when I failed to flnd sandlance
in thc prcvious l5 holes. This Lransect gave me a
crude estimate of the length (as measured along
the shoreline) of the sandlance aggregation. To
determinc thc width of thc aggregation. I dug a
selies ofholes (2 holes/m) along another tmnsect
perpendicular to thc first transcct. Thc sccond
transect began at the approximate midpoint ofthe
first transcct and moved upslope. Alier locating
the approximate upper elevational extent of
sandlance on this transccl. I dug a series of5 con-
linuous trenches (30 wide x 30 cm deep) from
0.30 - 0.65 m parallel to the second transect. These
trenches wcrc scparalcd by approximately l0 m
and evenly spaced along the length of the aggre-
gation as detennined by the first transect. My
intent here $as not to precisely measure the up-
perelevational limil ofsandlance in this pilot study
but rather to ensule that lbrmal sanpling (see
below) would span the upper elevational range
of sandlancc. Thc pilot study sho$ed that the
upper elevation of sandlance was Iess than 0.6 |
m and concentrated in an area defined by approxi
matel-v 50 nr ofshoreline (hereatter the study area).
Thc studl' area rvas bordered by mud flats to the
south and by a bedrock intertidal area to the nofih.

To detemine how sandlance were distributed
within the ClaykD Beaclr study arca. I uscd a strati-
lled (br elevation) r'andon sanple design. In April
of l9116. I establishcd a 50 m transcct along each
of4 elevation contours, 0.61.0.30. 0.0. and -0.30
rn. On each ofthc 4 transccts. I randomly estab-
lishcd l0 lmr plots in which I determined the
densitl of sandlance. I constrained my study design
such that halfofthe plots (5) pcr transcct occurrcd

on each side of a line perpendicular to the con-
tours that divided the study area into roughly two
equal pa s. ln this way I ensurcd that plots did
not occur in an orerly clumpedfashion (J. Skalski,
Un i re r ' i t1 , ' l  WJ.h ing lon .  per \on l l l  comnlun i
cation).

At each plot, I marked a square I m2 area and
rernoved all sediment to a depth ofapproximately
30 crn while capturing all sandlance. I removed
sediment starting atthc cdge ofthe plot and working
toward the center to minimize the amount of sedi-
nrent sloughing liom the edges, although this rvas
not a maior problem. During the excavation of
.ed imcnt .  I  u lso  dc ternr ined the  dcp th  In  -  5  per
transect) to whicb sandlance burowed. I deter
mined burrow depth by measuring the distance
liom the sediment surf'acc to thc deepest ventral
surface of the fish. Sandlance are odented hori-
Tontally in the substrate. I had relatively small
sample sizes of burrow depth. in part, because it
rvas difllcult to uncover and neasure the depth
ofburied tish without disturbing theor. Expos
ing the head or otherwise disturbing (e.g. vibra-
tions) buried fish rvould cause them to vigorously
flop about leaving little or no trace of thef previ-
ous position. While this behavior did not pre-
vcnt mc tiom catching disturbed fish. it made
mcasuring burrow dcpth impossible. I was l im-
itcd to mcasuring thc dcpth ofthe t 'ew fish whose
posterior end was haphazardly (lbrtuitously; un-
covered while the antedor poflion remailcd in
the sediment.

In each instance where I measured the depth
ofa sandlance. I also noted the depth ofthe anaero
bic zone. I used the first noticeable change in
sediment color from light gray in the aerobic zone
to black in thc anaerobic zone. based on ocular
estimate. as the point at which thc anaerobic zone
began (Fenchel ard Riedl 1970. Jprgensen and
Fenchel 197:l). My intent here $'as not to deter
rnine thc depth of anaerobic layer per se, but to
note where buried sandlance $ere located rela-
l ivc to that laycr.

lnterst t a Oxygen Tens on

I determined the oxygen content ofinterstitial \\"ater
at each of lrvo randomly locatcd sites along the
0.30 m elevation contour in the study area. lwith-
dre$, interstitial water fron depths of :l and 6 cm
at each site three tines during a low tidc c)'cle;
immediately after the recedirg tide first exposcd
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the sites. $hen the tide was at its lo$,est point.
and just belbrc the sites were reinundated bl in-
corning tide (approximatclv 2 hr intervals). I se
lccted sites at 0.30 m because this was near the
upper elcvation of sandlance distribution. and
depths of,1.0 and 6.0 cm because they represcnted
the range ofdepths at which sandlance were found.

I sampled inte$tit ial water using a I ml glass
syringc connected to a modified needlc with :r
short piece oflatcx tubin-q. The needle was made
tionr a small diameter brass tube sealed at one
end with solderand sharyened so that I could easily
insert it into the sediment. Small bore holes, that
allowcd water but excluded sediment, wcre drilled
into the tube near the sealed end. I insencd the
needle to thc appropriate depth and drew 0.95 ml
of $,ater into the syringc. The dead space in the
nccdlc and syringe (0.05 ml) had been previously
filled with a saturrted solution of NaCl. which
has lorv gas solubil ity (Welsh and Smith 1960).
Afier drawing a sample. I removed the needlc,
sealed the syringc with hematocrit sealer (wax),
and stored the samplc on ice fbr 2-6 hr. I deter-
mined the oxygen content of thc water sample
using aCorning BJood Gas Analyzer (model 175)
and corrected the oxy-sen tension of the sample
u'ater lbr dead space volunre in the syringe. To
he lp  de le rmi re  i l  there  u  r r .  r r  , JeL  l ine  in  o r lgen
tension as a result of microbial respiration. I took
two contr(t samples of oxygcn-saturated u'ater
from Clayton Beach using ntethods described
above. One was hcld on ice tbr 2 hours while thc
other was held on ice lbr 6 hours. The orygen
tcnsion ofthe 6 hr sample was 17.1.1 mm Hg ver-
.u .  th . .  2  h r  s , rn rp le  o l  l  77 .R mrn  He r ' , . l re 'en t in i
a dccline of 2.l%. Based ou this rcsult. I assuned
thal thc efl'ect of microbial respiration on oxygen
content of interstit ial water was negligiblc.

I Lrsed nonparametric statistics \\,hen da|a wcrc
not normally distributcd and u'hen square root
translbrned data (Zar 198:1) clid not improve nor
mrlity as determined by Lillicfors test (Wilkinson
1992). I analyzed square-root transfbrmed den
sity (f ish/mr) data using analyscs of vaiance
(ANOVA) and Fisher's Least Signil icant Difter-
ence test (Wilkinson 1992). which allowed for
comparisons between ffealmcnt pairs when overall
treatment atlects were significant (i.c. P < 0.05).
I analyzcd fish depth data using a Kruskal-Wlil l is
one way ANOVA. and interstitial oxygen data
using a 2-way (depth x time) ANOVA.

n ter t ida  Sed iment  S ize

I returned to the Clayton Bcach study arca in May
1998 to charactedze thc type ofsubstrate in rvhich
sandlance burowcd. I collected eight. I kg scdi-
ment samples tiom holes dug along thc -0.1 m
elevation contour in thc general vicinity where I
rvorked in 1986. Samples were collectcd only
from the aerobic layer, which occursjust tbove a
color change denoting a shit't to anaerobic condi,
t ions. and only fronr holcs in u'hich I located one
or more sandlance. I assumed that sandlance wcrc
using th(] same types of substrate ilr 1998 as thel'
had in 1986. Sediment samplcs were dried. silted
through a series of sieves (5.6, 2.00. L00, 0.50,
and 0.36 rnm). and weighed to thc nearest gram.

Results

Abundance, D str ibut ion, and nterst tal
Oxygen

The density of sandlancc increased significantly
(F: :z = 16.09, P < 0.001) as elevation in the in-
tertidal decreased (0/m'] at 0.61 m, 0.80/mr at 0.30
m. 2..10/mr at 0.0 m, and 5.00/m2 rt -0.30 m: Fig
ure l). There were no significant differences (.rrrj

f 2.7 0, P - 0.26) anlong mean depths of sandlancc
at three elevations (Figure l). Sandlance were
firund at a nean depth (pooled fbr all elevations)
o f  5 .0  cm (5?= 0 .2  cm.  range = :1 .0  6 .0cm)and
were always tbund above the anacrobic layer as
dctermined by ocular estimate.

The oxygen content ofinter-stitial waler tcnded
to be lower at 6.0 cm than at 4.0 cm in dcpth (F/,

"= 4.62, P = 0.081tluoughout the low tide cycle
but did not differ as a function oftin.re (F, o= 0.72,
P = 0.52). Additionally, thefe wasno significant
interaction betweeD time and depth (I, n= 0.+:.
P = 0.67: Table 1). The oxygen tension of inter-
stitial u'ater at 0.30 m u'as approximatelv onc fif'th
of the level of oxygen-saturated walcr (oxygen
content of water in equil ibriurr with air) shortly
atier being exposed by rcceding tide and remained
near this lcvcl unti l the site u,as reinundated with
incoming tide approximatcly i l  hr. later.

In te r t  da  Sed ment  S  ze

The sediment diameter in which sandlalce rvcrc
buried varied in size fronr approximately 10 mnr
to less than 0.36 mm. The majority of sediment.
approximately 85% by wcight. was betrveen 0.36

1.00 mm in diameter (Table 2).
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Figure L The density rnd standard effor oi srnd]arcc (loller
panel) and the depfi and studurd cnor ro which
sandlance buffow (upper puncl) at Cla]ton Bcach.
\l'ashinglon a\ a Jirnclion ofintertidal elevarion.

TAUI-E l. Mean ox) gen content (and standurd cn or), in mnr
Hg. of intefstitial rvater fioln Ch)'||ln Bcach al
0.30 m above IULLW as a function of lime that
c lcvat ion isuncovered bl  watefdur ing alow t ide

Discussion

The sandlance is an important component of the
marine tix wcb in Pacilic Northwest wate$ (Pinto
et al. 1984). In spring, sandlance use the upper
intertidal zone to spawn and spawning beaches
(where sandlance eggs are found) are lairly com
mon in the Puget Sound (Penttila 1995). How-
ever. few studies have looked at how winter ag-
gregations of sandlance use intertidal habjtat. It
i . un.leur- l i  'r c\Jmplc. ifthe undlancc or erwinter.
in the same beaches it uses fbr spawning (D.
Penttila, WA Dcpt. Fish andWildl., personal com-
munication) or whether intefiidal sandlance ag-
gregations are contiguous u,ith larger groups of
sandlance using subtidal habitat. I examined sev-
eral aspects ofintefiidal habitat use by sandlance
in u'inter, but sincc this sludy was limited to a
single aggregation. conclusions based on this work
should bc made cautiously.

Sandlance rcspire interstitial water when bur
ied (Quinn l987) and like most other tish species
maintain oxygen consumptiolr independent of thc
ambicnt oxygen tension down to some critical
oxygen tension (P,.) Below thc P., when oxygen
becones limiting, sandlance probably turn to
anaerobic metabolism. which in most cases is a
short duration sffategy. to make up tbr shottalls
in the aerobic energy production (Hochachka and
Somero 19ii4). Sandlancc arc probably incapable
of sur-r''iving long when oxygen levels go below
their P,. rpproximately 15- 31 nm Hg dcpcnd-
ing on tenperature (Quinn and Schneider l99l ).
In cascs where extreme low tides conespond with
unseasonably \\, arm weather, sandlance may
energe lrom the exposed sediment (Dick and
Warner 1982). presumably because oxygen be-
comes limiting (Quinn and Schneider l99l ), and
either desiccate or become easy prcy fbr a host
of predators. Warmer temperatures have a dual
effect on oxygen content of interstitial water;
decrcasing the solubility of orygen in water and
increasing the rate of microbial rcspiration that
can dcplete oxygen ftom interstitial water (Johnson
1965). Thus. the severest test of hypoxia toler-
ance tirr intcrtidal sandlance aggregations prob-
ably occurs during daytime Iow tides $'hen
sandlance cannot escape to better oxygeDated
conditions ofthe water column ifinterstitial oxygen
becomcs linit ing.

The factors dctcrmining the local disLribution
of intertidal aggregations of sandlance are poorly

0 .61 0.30 0.00 -0 . i0

Depth
(cm) Nr Curnulati!e tin1e uncorered by \\'atef (nin)

0  r 3 5 2.10

6.0

13 .12 (5 .95 )  35 .21 (1 .01 )

25.21(0.,+7) 30.06 ( r.5-l)

26.95 (3.90)

T\ro $ater sanples \rere hkcn pcr dcprlr per trme rnte!\'al.

TABLE L Propoiions (b,v \eight in grams) of different
\i/cd scdinrents in the intertidal habitat ofsand
iance at Clayton Beach, \\'rshin-ston. 1998.

Scdimcnr
Sirc class(mm)

Protrr]]14 bl rrEteb!1
\,le.rn Standard enor

>5.6

1.00 5.6

L00 - 1.00

0.50 1.00

0.50 0.36

< r:).16

0.1,1

t.. l l
,1..12

65 :7

1 r .30

7 . 1 9

0.8.1

0.32

0.65

6.01

5.69

I )1
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understood (Raey 1970). Dick and Wamer (1982.)
fi)und that intertidal aggregations ofsandlance in
{lu;lr \\ er< olten a'\ocii l ted $ i lh itreanl or ri\ cr
mouths. and l'urthcr obscrved sandlance in brackish
water indicating a tolerance for low salinity.
Anecdotal observati()n f'rom this and other stud-
i e .  s u g g c . l  l h a l  i n l c r l i L l r l  d p g r ( 3 r l i , , I \  I e J r
Bellingham, Washington are patchily distdbuted
(D. Pentti la. Washington Department ofFish and
Wildlite.. personal communication): a pattem that
may be related to requircrncnts for specific types
ol intertidal habitat. Oxygenatior of the sedi
ment is undoubtedly an important component of
intetidal sandlance habitat. Sandlancc in thc Nonh
Sea and offNova Scotia are lbund associated with
the edges ofshallow sand banks where strong tidal
currents nilintain \\,ell oxygenated surface sedi-
ments (Macer 1966. Meyer ct al. 1979). Pintoet
al. (198:1) showed that sandlance avoided silt while
prefening sandy to gravcly substrate, a behavior
they attdbuted to the greater availability of oxy-
-qcn in sand. My study area was near the mouth
of a small creek that gocs subsurt'ace when it
reaches the beach. It is possible that this subsuf
lace water helps make Clayton Beach suitablc for
intertidal habitatuse by increasing the oxygen levels
of interstitial water.

Sandlance were never found in the anaerobic
sedinrent layer but rather occupied a nanow range
ofdepths in the aerobic laycr. Here, the sandlance
experiences interstitial \\"ater with oxygen levels
approaching its P,. Although I could not show that
thc oxygen content of interstitial $'ater-u'as lower
at 6 cm than at,+ cm in depth (i.e. P = 0.08). that
conclusion is consistent with other studies of in-
telt idal sedimcnts (Gordon 1960. Braiield 196.1).
This nanow zone of habitat (4 - 6 cm) may repre-
sent abalance between the need lbr oxygen, which
decreases with depth (although thc cffcct of tem-
pcraturc may be inversely related to depth). and
protection liom surface predators which likcly
increases with depth. My results suggest thatthe
oxygen content of intcrstit ir l water at Clayton
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