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brief comm~nleatl~~s 

pipes "ae ovcrlaid by undisturbed--(prc- 
sumahly primgry) halite' beds": however, 
this observatidn is not-fiuficient to establish 
the age of the fluid indusions. 

The large, clear, Ungle-crystal nature of 
the halite selected is not typical of prinlary 
.balitedeplsition. Sucli coarse halite is more 
comn~oaiy ' assoc&ited with processes that 
*oKur after - sonietimes long aftcr - ini- 
tial deposition. Por cxample, evayorites of 
the Delaware ~ a s i b  have large crystal-lined 
cavities, which almost certainly formed in a 
quiet, post-depasitional subsurface envi- 
ronment'. coarse halite wit l~ fluid indu- 
sions may also fornl by the dissolution and 
recrystallization of primary halite. Such 
recrystallization can.occur repeatedly in a 
salt body through interaction with new 
pulses o'f fluid, including bactexia-hearing 
groundwatej born above or below. 

Almost dl bedded salt contains at least 
some healed fractures, not always readily 
visible tvcn by optical microscopy, along 
which fluids have moved3. Thcsc moving 
fluids may produce pipc-like masses that 
crosscut many beds - featurcs similar to 
the thnw desrriheti hv Vreeland et aL - 

; 
and such dissulution and reprecipitation; 
may take place much later than the primary 
deposit. Superposition of undisturbed sdt 
beds is therefore insuficient to show that 
the bacteria-baring halite dissolution pipes 
and their fluid inilusions aie colltenlpora- 
neous with primary depositional features. 

Compositions of fluid inclusions horn 
Delaware Basin evaporitcs also suggest m~d- 
tiplc sources and ages, calling into question 
the supposed age of250 million years. Pet- 
rographic studies and chemical analysis oE 
large (about 1 mm) Huid indusio~ls in dear 
'recrystallized' salt (as sampled by Vreeland 
eta].) show these tluids to be comnplex bit- 
terns, which result fronl multiple diegnetic 
processes at unknown times'. This history is 
evident from the absolute wncentratio~~s as 
well as the ratios.of halogen, allcali and alka- 
line-earth ions"'. These compositions vary 
significantly.'in adjacent inclusions, often 
separated 1.ry lessthan 1 mnl, and are almost 
always far h r n  ion ratios obtainabk by 
simple evaporation of sea water. Further- 
more, isotope studies of such Ruid inclu- 
sions from thc Delaware Basin suggest that 
mixture with both ancicnt and modern 
meteoric watcrs has occurred6. 

Wc conclude that, in the absence of pri- 
Inary growth featwc~ in the specific halite 
crystals studied, the age of those crystals 
and their fluids must rcmain in doubt. 
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,~rd;lar;'d et al. reply- tIazen and Roedder 
touch on several geological issucs raised by 
our limited description of the Permian Sala- 
do Formation. In our 'study, we sampled 
coarse halite in dissolution pipes for testing 
fur viable Pe'rmian-age baakria. 

A syn~edimentar~ age of tl~ese dissolu- 
tion pipes is shown by undisturbed over- 
lying beds and by the development of pipes 
downward from su~faces exposed on desic- 
cated salt pans".. Desiccation cracks, dish- 
shaped salt and clay laminae accumulated 

. D iscovery of bacteria that remain viable 
in a dorman1 state for lengthy periods 

i is significant for unrlerstandirlg pat- 
terns of mi~~obial  diversity and evolution 
on Earth, as well as fur assessing the possi- 
bility u i  life's interplanetary transport by 
irnpct processes. The isolation by Vreeland 

, et d.' of viable' 250-million-year-old hac- 
teria is an extraordinary claim, based on 
meticulous kxtractio~i from evaporite 
deposits ofthe Delaware Basin. Ifvalid, th 
discovery expands dramatically the maxi- 
mum proposcd age for microbial smviv- 
ability. Hqe we al-gtic that, although the 
Permian age of' these well-docunlented 

i deposits is not in question, the fluid inch- 
sions and the .viable bacterial spores con- 
tained in them rimy represent much more 
recent features. 'l'lie age of these micruLes 
must therefore rcmain imcertiiia. . , 

Vreeland et al. describc commonly 
accepted primary evaporite textures and. 
structures - fine-scale fluid inclusions and 
bedded Iulite, for example - that are sug- 
gestive of theoriginal depositional cnviwn- 

(,nient. But these observations are not 
I pertinent. to the question at hancl-because 

in salt polygons or'saucers, and insoluble 
residues all indicate subaerial exposure2. 
Microkarst fcaturcs (smaller, but similar to 
dissolutio~~ pipes) have been described in 

'. 

corcs from thivertnian San Andres Fornia- 
tion3, and the undisturbed overlying bcds 
were considered to be evidence of syn- 

.bacteria[ sa~nples were not obtained from 
halite displaying such primary features. 
Instead, bacterial. spores were extracted 
from dissolutioa pipes . of "coarse, clear 
halite with fewer, but larger, fluid indu- 
siuns'! The authors claim that these dissdu- 
tion pipes 'arc. conkaiporaneous with 
primary halite,. beciirlse thc coarser crystal 

depositional agc of microkarst in Permian 
halite beds in the Palo Duro Basin, TexasJ". 

Dissolution pipes tend to reach a com- 
mon depth bdow an exposure surface2. In 
some beds, macropores (10-30 cm across) 
filled with coarse halite developed at about 
that samc depth. A conunon water (brine) 
table controlled maaopores and pipes"'. 
Coarse halite fiIIing the synsedimcntary dis- 
solution and microkarst' shows crys- 
tal boundary relationships consistent with 
passive pore-ming cement growth. Some 
cloudy halite from fine fluid inclusions was 
found'in Salado dissolution pipes'. 

We see no briic cunduits through the 
Sahdo and h o w  no means of maintaining 
less tlian halite saturation in such a use. 
Permeability decreases quickly in halite 
beds as halite cements occlude porosity 
with near-surke crysmlli~ation"~. Based 
on in s ib exyerimerits in Salado the 
undisturbed permeability and hydraulic 
conductivity are.about 10""' ma md 1 0 - l ~  

rn.sm', respect'mlf. With a Irydraulic grad- 
ient of 0.01 and a porosity uf 0.01, brine 
would take more than 30 million years to 
fl6w one metre. Brine chcnlistly commonly 
varies over centimevcs, consistent with 
extremely limited - perlneability7. These 
characteristics weigh heavily against. water 
tiow. through the Sadu to dissolve and 
recrystallize halite altd against post-Penni- 
an natural introduction of bacteria .to the 
halite in the pipes. 

I'rr, do not assume that sea water is 
trapped in these fluid inclusions. For e . m -  
ple; marine and non-marinc Salado beds 
can be distinguisheds.:Sin~ bromine con- 
centratiotls in ~ruicrokarst and primary 
Mite in the Palo Durn study sugest 
penecontemporaneous formation from the 
same brine pool5. But differing composi- 
tions may not indicate greatly different ages. 
Variable exposure p.eriods, marine inflows 
and continental fluid sources l e d  to com- 
plex chemistry,. and stable isotopes may 
resemble mixes of meteoric and evaporated 
waters9, unless Pe~nliaii' rain md sea water 
were very different fmm now. Homo- 
'geneous fluid and mineral compositions 
.may .be better evidence ifor massive fl.t~id 
movement through the.eiraporites. 

Salado dissolution ,pipes -are consistint' 
with a synsedinientary origin and -Permiin 
age. Synscdimentary .dissolution jipes 
should b e  useful in diagnosurg exposure 
surfaces within evaporites. We anticipate 
renewed interest -in these and similar 
deposits as a ofour study, , 
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Fishefies . . 

Different. behaviour of 
North and Irish Sea cod 

od (Gadris morhua) are bottom-living, 
predatory fish of considerable com- 
mercial importance', but surprisingly 
i s  known of what cod do for most of 

their time because it is difficult and costly to 
study the behaviour of fish at sea'" Here we 
use electronic data-storage tags to investi- 
gate the behaviour of cod in the North Sea 
and in the Irish Sea and find that there are 
marked differences in the activity of fish in 
the two regions. This difference could be 
explained by dissimilar foraging ecology 
and ma). haw implications for thc future 
management of severely depleted cod 

. stocks. 
Evidence fr0.m acoustic4 and fishing5 

..surveys can be used to.infer variations in 
! behaviour patterns between different cod 
i i stocks, but behavioural data have never 
j been collected simultaneously froni indi- 
[ vidual fish f ~ o m  difTerent stocks over 
j timescales appropriate to. heries manage- 
i ment6. In March-April 1 5" 99, we tagged 78 
/ cod (each over 50 cm long) with electronic 

data-stoiagc dcviccs: 58 were in thc south; 
ern North Sea and,20 in the cerikal Irisli 
Sea. Twenty-two tags have so far b s n  
returqed from fish caught in the North Sea, 

' providing over 1,500 days of data, and four 
have been returned from the Irish Sea (over 

' 7.50 days of data). 
By using the depth record to estimate a 

cod's activity, we' found that Irish Sea cod 
were extremely active at all times (dark 
regions in Fig. la), showing no discernible 
cvidcnce of diurnal or seasonal patterns. 
North Sea cod were also very active during 
April and May, but in June all fish still at 
liberty (8 fish) showed a marked reduction 
in vertical movement, and in July thw spent 

Cod 1 

I 
I Cod 4 

I .  m 
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Rgure 1 Cad behawwr In tha North Sea and I M  Sea a, Acliuily bmdemnpril and November lm. M a n d  maclive #labs d eadl 
individual were dete~rnined fron the depth (measured every 10 rnm) recwd of its lag Wek Marine Tedrdogies Lm100). Wm m indi- 
virluill v& 'inactlve' on Ihe seabed, its rag rsco&d only Ihs smoath ciiangrs In prsssum msuling tram ltm rise and fail of lha tide. Indl- 
viduals irere c!assed as btive' when wrtical mernents rn mare rapid or bregula.Uun carld be aaau~tled [or by the tide W. For 
each how of rhe day, summed M y  aclivily Md a vdve meen zero (Hhllte; inactiva) wwl sbt (black; mtsl acfiue). FMfws.eclrvity 1 
recold is slrow~ u a dolle-plol aclogran, will1 dala !n 48-L p e m  along ule x-a& aM days 01 me yw along they &. b, Resldenoe 
on summer mind grounds in the North Sea in 2000. A mowed kkning s t a l i ~  conlinu~~siy mmibrwl Ihe presellce MI?) w absence 
(no bar) of four individuals IniplanEed wlth individually coded acoustic lags. The I$tenlng stalion had a Hection range of 500 m. The 
control tag was located wiihln.Xl0 rn of Ihe Ilslenlng station for the Cmlkm of tha mpwtnent. 

individually coded acoustic tags and 
, demonstrated that their range of movenmt 
during the summer months (mid-June to 
mid-August) was less than I km (Pig. Ib). 

The technology is not yet available tn 
measure the feeding behaviour of fish 
directly in the field However, our results 
indicate that Nortb Sea cod reduce their 
foraging movements during-!he summer 
months. This observation challcn~cs the 
explicit assumptions of multispecies man- 
agement models' that cod are active and 
forage over substaS;tial geographical areas. 
By contrast, ,Irish Sea cod appear to be 

..active throughout the spring and summer. 
We propose that these differences in activity 
could be behavioural responses to varia- 
tions in tlre distribution and abundance of 
prey species between sea basins, an idea we 
intend to test by using a tag equipped with a 
fccding scnsar to invcstigatc the feeding 
dynamics of free-ranging cod. 

Low spawning-stock biomass, increased 
seawater temperatures and high fishing 
rates have put North Sea and Irish Sea cod 

Our fmdings show that tlie activity of 
cod varies through the year, and that sea- 
sonal patterm of activity differ betrveen 
stocks. 'Ib our knowledge, this is the first 
time that the hevity .patterns of cod horn 
different stocks have been described over 
extended periods at such'a line temporal 
and spatial scale. This understanding will 
improve our ability to prediq the effectfve- 
ness of fisheries management by dosed 
areas in different regions. 
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