
UNCLASSIFIED

AD NUMBER

AD361142

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Controlling Organization: British Embassy,
3100 Massachusetts Avenue, NW, Washington,
DC 20008.

AUTHORITY
DSTL, ADM 204/2581, 12 Feb 2009; DSTL, ADM
204/2581, 12 Feb 2009

THIS PAGE IS UNCLASSIFIED



CONFIDENTIALAD 3 6 1 1 4 2i
AD_314

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION
CAMERON STATION, ALEXANDRIA, VIRGINIA

CONFIDENTIAL



NOTICE: When government or other drawings, speci-

fications or other data are used for any purpose

other than in connection with a definitely related

government procurement operation, the U. S.

Government thereby incurs no responsibility, nor any

obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way

supplied the said drawings, specifications, or other

data is not to be regarded by implication or other-

wise as in any manner licensing the holder or any

other person or corporation, or conveying any rights

or permission to manufacture, use or sell any

patented invention that may in any way be related
thereto.

NOTICE:

THIS DOCUMENT CONTAINS INFORMATION

AFFECTING THE NATIONAL DEFENSE OF

THE UNITED STATES WITHIN TEE MEAN-

ING OF THE ESPIONAGE LAWS, TITLE 18,

U.S.C., SECTIONS 793 and 794. THE

TRANSMISSION OR THE REVELATION OF

ITS CONTENTS IN ANY MANNER TO AN

UNAUTHORIZED PERSON IS PROHIBITED

BY LAW.



Copy Noj

-~ A.R.L./ L/N113

LU

3 SNE-YEAR COLLECTION OF LONG -RANGE
~ ECHO RECORDS OF FISH BEHAVIOUR -

BY

G. WEARDEN

C*4 JULY 1964

INAP0 PTA N

U ~~Aten on~.S(T

ADMIRALTY RESEARCH LABORATORY

TEDOINGTON MI DDLESEX

CONFIDE NTIAL



CONFIDENTIAL

AnMAMMM118 am4,Tawmax

A11/E 13

A 011-TMl COLLICE gW LUk 1*I =No0 =me1

by

D& L Weston

G. Woards

Echo-rnging reoods have been obtained. at Perraporth over a period

of about one year, saw being ooutimous over several days. Broadly
speakinag there are three types of tras, all of then at least partly

biological in origint- wrigglors, fiedA bottom echoes and diffuse patterns.

Pish behaviour is displayed continuously out to 40 miles, and is especially
ocomplex near dawn and dusk.

'ThIS doCW~lt cot~'n- Iformation affecting the Nlati nl

lei e Of the United 2t,' withifl the meaning of the
BOPI.QmDM Laws, T -t'3 13 U. S. C., Sectionl 793 and 794.

Sia or rLas itiol of its (, ,,tcnts in any

mnanner to an unautho!z' 2Irsn ii prohibitej by law.

36 pages
12 figures

CONFIDENTIAL



CON FIDE NTI ALj

INROWCTON

Some experimental bottom-laid echo-ranging equipment haa provided
maW false targets and interesting patterns due to fish. The earlier
work, up to about February, 1963, ha been described in 1]. This
reference also provides a general introduction to the imestigations.
In March, 1963 a noew drum recorder [2] became available, which made it
possible to display all ranges out to 40 nautical miles on teledeltoo
paper. This was very successful in speeding up the research considerably,
and despite the frequent absence of the recorder on other work a large
number of reoords have been obtained. There is a problem in analysing and
reporting the great quantity of information generated, and therefore a
oolleotion of records is presented here with a relatively brief oommentary.
It is intended to report oan various features in mor detail later; including
the position of the fixed bottom echoes, the geometry of the diffuse
patterns, som special experiments with ships and the effects of ohanging
pulse type and frequency.

2. UIPEW AND WORDS

These eoho-ranging experiments have been carried out in the shallow
coastal water off Porramporth, Cornwall. The projector transmits 1000 c/e
pulses of 4 sec duration with a linear gliding tone swept through a 2
bandwidth of 100 o/a, the acoustic level being + 127 dB re I dyne/a at
1 yard. The receiver has a bean-width of .o oentred on 3500, and the
correlation processing gives an effective range-resolution of about 25 feet [t].

The records shown were taken between 19th larch, 1963 and 9th lay, 1964,
starting when the drum recorder first became available and finishing Jut
before seo major detection and fishing experiments in May and June, 1964.
It was originally intended to present the records from one complete year,
but unfortunately the projector was out of action from mid-Deoembor, 1963
to April, 1964. The reoords arc reproduced as figures 1 to 12. Note that
a single dram reord is normally 68 in. long by '16 in. wide, and the
reduction by a factor of about 8 to a half-tows print has inevitably oased
some loss in deta l. Some of the displays are virtually contim us over
several days, profood by photographic montage. For example the August
records in figure 7 span 10 days, and were recorded during experiments with
A.C.8. ST. MAGIVS. All suitable records of reasonable length have been
included, provided they were taken with full-power gliding-tone pulses in
the main or 3500 bean, in order not to create (nor to appear to create) a
false impression by the 4nwlusion of the duller records. Note that this was
not true of the first report E1], where reoords were selected from a total
about half as great agin in order to illustrate the different types seen.
The present reoords were all taken with one drum rotation every 100 sec
(correspndin to about 40 nautical miles), sand naW also with ome pulse
every 100 sec. The remainder bad one pulse every 50 sec (so that only
20 miles of range is displayed), and although included here for oompleteness
are really parts of spoial investigations to be reported separately.

3. JN USJ u'P W-o

As described in C1 ] the wrigglers are the discrete echoes from
moving targets which show marked seasonall, tidal and diurnal ffects.
They are firmly ascribed to shoals of pelagio fish.
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(b) ixedbomj ecoes

The fixed bettem, echose ane the discrete echoes which appear at a
constant ramp, thoug& having a bigh] variable level, The present
records show large and repeatable diurnal variations in Mpust, as
discussed in section 3(e). On. a few occasions wrigglers have been
team to approach and to turn into fixed bottom echos, and vice versa.
This confirms the suspiciams in, [13 that the eches are partly
biological in origin, the biolog~cal part probably being due to
bottom-feeding rvand fish living nes arrok.

(0) DifuSe 21tterN

The diffuse patterns occur mainly at night, and are basically
ine to node 5.nterfroms modulating the general reverberation
background [ i3. The made interferences as mo&Ute the fixed bottm
scoes, Webo is apparent at the closer ranges. There an' alao
examples at nole patterns affecting the wriggler traces in the daytime
(e.g. 9th July, timae 6).

The night-tine diffuse pattern. are sometimes surprisingly
regalar (e.g. 23rd/25th Say, 1963, riger. 4, and show the effect at
the tidal water depth chages. However, they are sometimes very
cmftsed, and this is apparently due to the variations In the
concentration or scattering strength of the baekgroun rovorberators.
Comparison of the resds before and after dawn or dusk often shows a
strong correlation with the concentration of wrigglers (e.g. 1i.th-lgth May,
1963, figare. 3). Thus a major cause of the diffuse reverberation is now
known, to be fish, very likely the same pelagis fish that form the
wriggler. thoug& no longer in shoals.

It has become increasingly clear that on. eat not expet simple
and repeatable patter=s; variability is the kaacte. In som records
all the effects se to act togther &Aud ause ocmfasiom and chas
(e.g. llth-l5th June, tigaes5)

(o em Poatue

Since the first report [13 az oomplote9y new effect& have been
observed, and even aore suspooted. The aore definite "one all coesrs.
the diurnal cycle of behaviour, especially wear dawn end eak.

The fixed bottom echoes sometimes disappear very sharply (ithin
a few mist..) at du0k at the sowe tine as the wrigglers i.e. 1.0 aim.
after suneet (huget, figue 7). There Is a similar thmgh loe marked
effect before dawn. The bottom echoes are often strongest In the
period from sunset to (suset + 1.0 mmn), in the corresponding period
botrso awn, and for a few hours in the middle of the ight.

The general dark reveorberatiom baokgrinnd is sometimes mash lighter
from sunset to (sunset + 1.0 za) in the Ampst reeas (figue 7).
There is an alternative and more marked effect in which the li*Ltening
of thoe bakron, together with the fixed bottom echioso ooeus fom
(sunset + 1.0 mmn) to aboat (sumet + 70 mmz). The records show a
corresponding light strip batons dawn.



These new dusk and dawn effects are presumably controlled by the
light intensity, as for the more commonly observed wriggler
disappearances and appearances. They could be target effects due to
changes in depth or ooncentration, as for the wrigglers. Alternatively
they could be acoustic attenuation effects, and this idea is supported
by signal level measurements near dusk and dawn taken a few days later.
These show level changes of the order of 30 dB ocouring over periods
of several minutes in one-way transmission from Perranporth to Pembroke,
and not observed previously. The necessary attenuation might have been
distributed along the track, or concentrated near the transduoers at
either end. The observations and possible eoianisms will be discussed
more fully in a separate note. The point to remark here is that the
August echo-ranging records show an abrupt change at virtually all
ranges - suggesting that the acoustic projector becomes decoupled from
the water by bein& surrounded by fish!

4. SIG1XCAMZ OF IWSTIATIOUS

As discussed in [ i ] this work was started because of the military
interest in the classification problem, but it is also giving information
on oceanography and on fish behaviour. Regarding classification, the
experiments on frequency diversity, pulse type and doppler will be reported
separately. The oceanographic information mainly concerns tidal streams
and tidal depth changes, and there is little now to say. It has become more
and more clear that the system is a very powerful tool for the studay of
fish behaviour.

A further bonus has been obtained in the testing of the general system
performance and the estimation of submarine detection ranges. For example
even in summer conditions fish have often been detected at ranges exceeding
20 miles. The beat sumaer range on a submarin is only 18 miles with this
equipment, and then only when the target has dived to about 100 feet. The
better results with fish are due to the fact that fish are present virtually
all the time (at any rate in daytime) and at virtually all ranges, so that
it is much easier to find the true detection limits.

5. COMMLUSIONS

Since this report is mainly a collection of records, detailed
conclusions will not be drawn.

Homever, it is worth saying that we now know that wrigglers, fixed bottom
echoes and diffuse pa&terns are all at least partly biological in origin
(probably due to fish). The work is valuable in several fields, in
partioular the system is proving to be a very powerful tool in fish
behaviour studies.

D. 3. Weston (PSO)

G. Revaen (0)
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