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Bathymetrical Survey of the Freshwater Lochs of Scotland
under direction of John Murray and Laorence Fullar

Tue basin of the river Nesa is one of the most important of Seotiish
river-basing, not o moch on acecunt of the ares draiped, which iz small
when gompared with the areas drained by the Tay, Tweed, Clyde, and
Bpey, for inetance, but because it inclodes within ite houndaries the
largest body of fresh water in Seotland (Loch Kess), as well as several
other largs lechs and nnmeronz emall ones. The basin sxtends from
the mouth of the river Neoss, at the junction of the inner Moray Firth
with the Beauly Firth, in lat, 577 30 N, to lat, 57° N, south of Loch
Cupigh, and from long, 5% 300 W, west of Loch Queich, to long, 47 100 W,
ponth-east of Inverness. The total area, as measured with the plani-
meter on the Linch Ordnanee Survey mapa, is about 722 square miles,
und of this by far the larger portion drains ioto Toch Nees, for the area
draining inte the river Ness, and into Loch Ashie which flows directly
into the river Ness, s ouly about 30 square miles,  With the exoeplion
of Loch Ashio, the superfluent waters from all the lochs within the
basin find their way into Loch Ness, so that the total area draining
inte Loch Mes is about 686 square miles. The area drained by the
tributary lochs, to be dealt with in subsequent papers, is about 354
srjunre miles, leaving about 332 sguare miles draining diveetly into Loclk
Nens, indepemdent of the othar lochs,

The principal river-systems within the basin lie o the weat of Loch
Mess, viz the Enriek, which flows through Glan Urngalarct inte Loch
Ness at Urgubart Bay, where it is joined by the shorler river Coiltie;
the Moriston, with its tributaries the Clunia and the Loyne, which
flows through Glen Moriston into Loch Ness at Invermoriston; the
Garry, with ita tributaries the Qunoich and the Eingie, which fows
through Glen Garry into Loch Oich at Invergarry, and thenoe by the
Dich into ihe head of Loch Ness ot Fort Angustos. To the ssuth of
Loch Ness lies the Turff, also entering Loch Ness near Fort Augostus;
and to the east lie the Foyers, with its tribmtaries the Breinag and the
Fechlin, which flows into Loch Ness at Foyers, and the Farigaig which
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entors Liooh Mess at Inverforigaig, Finally, to the sorth-sast of Loch
Neea lies the Allt Mor (or Big Burn), draining Loch Ashie, which flows
into the river Neas 2 or & milea below Inverness, while the river Ness,
after issuing from Looh Doohfour, at the northern end of Loch Ness,
follows n winding course of about 6 miles, and pours ite waters into the
Moray Firth. Fesides these, there are many shorter streams and burns
flowing directly into Loch Neas, or ioto the tribotory rivers or lochs,

As will ba seen from the summary table, the staff of the Lake Survey
gounded ithirty-thros lochs within the Ness basin, while a number of
small loche comld mot be enrveyed for lack of facilities, These locha
wvory in size, from the little Laoch nan Losganan, covering an area of
only T acres, and containing only a million cabie fest of water, to the
mighty Loch Ness covering an area excesding 20 sguars miles, and
containing many thousands of millions of cubic feet of waler. None of
the other lochs in the barin can be compared with Loch Ness, neither as
reganls ares, volome, nor depth, but still & few of the lochs are of
ponsiderable importance.  For instance, Loch (uoich is 7 miles in
length, while Loch Garry and Loch Mhor are nearly 5 miles in length,
and Loch Clinia and Loch (Oich exceed 4 miles in length, Loch Quoioh,




again, oovers an arcea of nearly 3 squame miles, while Lochs Garry,
Mhor, and Clupie excesd n square mile in aren, Two of the loche
(Quoich aod Garry) exceed 200 feet in depib, and three other lochs
{Oich, Clunie, and nan Lann) exeesd 100 feet in depth, while no fewer
than twelve others inelude depths excesding 50 feet.

The basgin lies almost entively in Inverness-shire, bat o small portion
of Ross-shire extends within the bosin on its western border, the
boundary-line running along the cootro of West Loch Loyne and for &
ghort distanos along the centre of Enst Loch Loyne, and thenoe turning
northward it crosses Loch Clunie in its comtral part; thus Lochs Loyne
and Clunie lie partly in Hoes-shire and partly in Inverness-shire, whils
ihe littls Loch Beag, at the west end of Loch Clunie, is the only one
lying wholly in Hoss-shire. The scenery of the basin is varied, and as
fine as nnything to be seen in the Scottish highlands : towards the north
the ground is low, but proceeding sonthwards it becomes more elevated,
enlminnting on the ssuth-western borders in several giant peaks exceed-
ing 3000 fest in height, and on the eouth-eastern borders in mountaing
elightly less elevated. The district is a veritable sportsman’s paradise,
the deer-forests, grouse-moors, and fshings (both in river and loch) being
of the best. Trout abound in searly every loch, with salmon and salweo
Jevox in pome of the larger lochs, and char in some of the smaller locha
Iying to the onst of Loch Ness ; the fishing io mest of the lochs is preserved.

Lock Nera (8o Plates 1. and 11 ).—Loch Ness formed the subject of
discussion at a mesting of {he Heeearch Department of the Hoyol Geo-
graphical Society on January 18, 1904, and preliminary notes on the
tathymetry, temperatures, and ssiches were published in the Jowmal in
October, 1904.* Sines then many temperature and seiche observations
und supplementary goundings have been taken, and the preliminary
meagurements and calenlations have been carefully revised, the finsl
rasults being given in this paper. Loch Nesa is one of the best known
of the larger Beottivh loobs, sinee it forms a congiderable part (pearly
one-half) of the waterway koown us the Caledomian canal, which
orcapies the great glon ronping in o north-sast and gonth-west direction
from the Morny Firth on the east const of Seotland to Loch Linnbe on
the west coast, thus cutting Beotland into two portions, Through the
Caledoninn canal thousands of visitore aro corried each season on the
routs belween Tnvernsss and Fort William, and the splendid scenery
of the canal nod surrounding district has fornished o thems for many
pens,  The absonoe of islands in Looh Ness iz & siriking characteriatic,

* e, Jowrn, vel, 8, po 420,
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and gives & touch of mouotony to the grand and sombro ccome, a8 one
snils up or down; the little Cherry ieland, lying at the opening of
Inchnacardoch bay near the head of the loch, is invisible except at close
quarters. Custle Urqubart, on its rocky headland at the south side of
Urgquhart bay, forms o pleturésque and noteworthy landmark.

In his journey to the Westero islands of Seoiland o the awlomn of
17734, De, Jobneton travelled along the shores of Loch Mess, which, be
gays, i# in seme places 140 fathoms deep, and he remarks Turther that
« Natural philosophy is now one of the favourite studies of the Beottish
nation, and Loch MNess well deserves to be diligently examined.” After
the lapas of 180 years this has been done, and it is proposed in this place
to summarize the results obtained by the stall of the Lake Burvey during
their prolonged apd “ diligent examination™ of Looh Nesa

The survey of Loch Negs was commenced on April 2, 1003, and by
the end of that mouth the preliminary sarvey was completed, but sab-
luq_nuntl:,r, at variouns Pﬁrjuﬂa ﬂl.lriu!; i years 1803 and 114, many
additional lines of soundings aod somerous iselated souodiogs wers
taken, some of them in conoection with the work of collecting samples
of the deposits from all parts of the loch, others in connection ‘with the
work of taking temperatures at various depths in different parts of the
loch, The tolal womber of eoundings recorded is about 1700, but
spme of them bave besn omitted on the accompanyiog map to avoid
overcrowding., O April 1, 1003, the level of ihe surface of the loch
wag determined from eoch-warks as being 52-6 fest above the sea,
and to this datum-level all soundings bave been reduced, A levelling-
stafl was erected first ot Fort Avgustus, then ot Invermoriston, Fuyers,
and Temple piers, and the height of the woter oo this staff wes read
daily during the progress of the survey, so thot the vaviations in level
from duy to day, and the varistions from the starting-point, were readily
koown, These staff veadings showed that the water fell gradually but
irregularly, and by April 14 it was 1 foof lower, and by the 18th i was
14 feet lower, than oo April 1.

Loch Mess proper may be eaid to extend from the head of the
loch at Fort Augustus to the parrows ab Boos ferry, a distance of
224 miles following the axis of maximum depth. This Ggure s inférier
to the length of Loch Awe {25& milea], and slightly in excesn of the
length of Loch Lomond (225 miles]); if we regard the small basio of
Loch Doehfour, whicl is continuous with Loch Ness at its northern end,
as forming part of the loch, then the fotal lewgib, from the exit of the
river Mess to the bead of the loch, is about 24) miles,

Im this ploee it is proposed fo ioclude Loch Dochfour in dealing with



Loch Ness; it is & basin about 1} miles in length, with a maximum
depth of 50 feet in the wide contral portion, whenee it narrows towards
the two ends, the southern narrows leading inte Loch Ness, and the
northern termination being divided into two branches, the eastern
branch forming the river Neas, and the western branch the continuustion
of the canal. With u strong south-westerly wind there is-a surface
current from Loch Ness into Loch Dochfour through the narrows st
Bona ferry, and, if long continued, the water becomes banked up in
Loch Diochfour, and gives rise fo a return enrrent along the bottom into
Loch Mess: with a strong wind from the north-gast the sorfees current
seta in the opposite direction, .2 from Loch Dwochfour inte Loch Ness.
Cut off from the western margin of Loch Dochfonr, by embankmenta
earrying the towing-path for the canal, wre two small basins, one called
Abban water, having a maximum depth of ¥ feef, the other without a
distinctive name, having & maximum depth of 28 feet; they stand at
the same lavel as Loch Dochiour, the water evidently pereolating throngh
the embankments,

Loch Ness may be said to be fairly uoiform in breadth, though
vurying to some extent, but on the whele its shore-line is vory regular
when compared with other large loghs. The upper portion betwesn
Fort Angustus and Foyers for about 10 miles is under & mile in width,
except at the opening of Glen Moriston, where the breadth elightly
gxrecds a mile, The portion between Foyors and Castle Urqubart for
abont § miles is aliost exactly a mile in width, while tho _]l.l'rl-'l.'-'l:' purtion
betweon Custle Urqubart and Tore point for abeut & miles exceods »
mile in width, The widest part of the loch is ab Urgqubart bay, from
the mouth of the river Enrick due east to the opposite shore, whero the
width is 2 miles. The portion of the loch from Torr point to Bona
ferry for about 1% miles varies in width from a half to a quarter of a
mile, and the ceniral portion of Loob Dochfour i about s quarter of
& mile in width, The mean breadth of the entire loch is nine-tenths
of & mile, or loss than 4 per cent, of the length; & smaller percentuge of
menn breadth to length has boen recorded only in Loch Bhiel and Loch
fhin, with 2} and 3 per cent. respectively.

The waters of Loch Ness cover an arven of nearly 14,000 acres, or 213
square miles. Among the Bcottish fresh-water lochs this is exceeded
only by Loch Lemand, which has a superficial area of nearly 27} equare
miles. As already stated, the area draining dirsctly into Lech Ness is
about 332 square miles, whils its totsl drainage ares, including the area
draiving into all the tributary lochs, is about 636 square miles—an ares
over thirty times greater than that of tha loch,
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The maximum depth cbssrved by the Lake Survey staff in Loch
Ness was 754 feot, about & mile due seuth of Castle Urqubart in the
centre of the loch, A greater depth than this has been recorded in cnly
one Boottish loch, viz, Loch Morar, which has o maximom depth of 1017
fest, apd after Loch MNess come Loch Lomond aod Toch Laochy, with
maxima of 623 and 531 fest respectively.

The volume of walar contained in Loch Ness is estimated at 263,000
millions of cubis feet, or 13 cuble miles. In no other Scottish loch does
the bulk of water amwoont to o cubie mile, in fast Loch Ness containe
about three times s much water as the two lochs which most nearly
approach it in this respect, vie. Loch Lomend with 92,800 millivn cubic
foet, and Loch Morar with 21,500 million oabic feet. The largest
wolume of water recorded Ly D, Mill among the lakes of the Comber-
land distriet is only 12,250 million cubic feet. As far as we are aware,
the volume of water contaioed in the large lakes of Ircland has not yot
been carefully worked oui, but, taking Loch Neagh, for instance, which
is siid to cover au area of 153 square miles (or seven times greater than
the area of Loch Ness), and to have a maximum depth of only 48 feet,
a rough ealoulation will show that the balk of water in Loch Neagh
must be less than that in Lock Ness. It seems quite possible, therefure,
that Lioch Ness may ba the largest body of fresh water, not only in Great
Eritain, but in the Uniled KEingdom,

Correlated with the encrmons volume of water in Looh Neas i the
high value of the mesn depth, which works oot at 435 feet for the entire
loch, This far sxceeds that of Loch Morar, vie 284 feet, which comes
next in this vespect, The mesn dopth of Loch Ness is oqual to 574 per
cent., of the maximum depth—a higher percentage than has beew
obeerved in any other large deep loch, the nesrest npprosch to it being
in the case of Loch Avich, with & maximum depth of 1838 feet nnd
mean depth of 98 feet, the percentage being 524, It is true that in
pome shallow Hat-bottomed basine the percentage of mean depth fo
maximum depth exceeds that 1o Loech Ness; as, for instance, Linch
Watten in Caithness (70 per cent.), and Looh Broadale in Lewis (74
per cent,}, but the maximum depths are here only 12 feet and & Teet
regpectively. Except for Lochs Nees and Avich, in all the deep Scottish
lochs, ie. thoes having depths exceeding 100 feet, the mean depih is less
than one-half of the maximom depth, the percentags varying from 19-4
in Loch Bhiel, and 195 in Loch Lomond, to 49-4 in Loch Luogard, and
A6 in Looh Suanival {Lewia).

It hns been stated that the surface of Loch MNess stands about 52 feet
nbove moan eea-lovel, so that by far the greater portion of its floor falla



below the level of the sea.

An inspection of the bathymetrical map of Looh Nesa ahows (1) the
comparative simplicity of the basin ; (2} the steep shore-slope thronghont
the greater part of the loch; and (3] the large area of the lake-floor
covered by very deep water. The 100-faet, 200-feet, 300-font, $00-fest,
und 500-feot contours are continuoue, and only the G00-faet and To0-Teet
eomtonrs are interrnpted by a shoaling opposite the entrance of the
river Foyers, probably due to the deposition of material bronght down
by that river. This shoaling is covered by 515 fo 524 fest of water,
and both to the north-east and sonth-west the bottom sinks to depths
excesding TOO feet,

Tho 100-foet basin is abont 22} miles in length, the somthern
oxtromity approaching to within 100 yards from the shore at the
entranca of the river Tarfl, and the northern extremity extending
into the narrow part of the loch beyond Torr point, approaching to
within a quarter of & mile from Bona ferry.

The 200-feet basin ia 213 milss in length, approaching to within
150 yards from the Monostery boat-house slip at Fort Angustus, and
quite olose o tha south-western shore off the entrance of tha river
Oich, and extending beyond Torr point on the north to within less than
a- mily from Bona ferry.

The 300-feet basin is 20F miles in length, extending from less than
300 yards from the Monastery boat-house slip on the south to just
bayond Torr point, or 1§ miles from Bona ferey, on the north,

The 400-feot basin is 20 miles in length, distant over & quarter of
s mile from the Monsstery bont-homse slip oo the south, and abont
three-gquarters of & mile from Torr peint, or over 2 milea from Bona
farry, on the norih.

The 500-feet basin iz about 18} miles in leogih, distant less than
a mile from the Meoastery boat-house slip on the south, and aboat
1} miles from Toerr poiot on the porth, The southern extremity of
this basin differs somewhat from the uwsonl tronesta form, partaking
of n rectangular character.

Tha two 000-foct banins are separated by an interval of littls over
half & mile, and are almost exectly oqual in length, both of them
elightly excoeding B miles in length, The northern one is distant aboat
2 miles from Torr point, and the southern owe less than 2 miles from
the Mobastery boat-house slip at Fort Augustus,

The fwo T00-feet basing ave separated by an ioterval of wearly
2k miles, the northern one being pearly twice na long ns the southern

ong, and including the maximum depth of the loch—754 foot, The
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northern basin is 6} miles in length, and distant about 2§ miles from
Tore point, while the southern basin is 3] miles in length, and nearly
6 miles distant from Fort Avgostos.  The maximum depth recorded
in the southern basin was 739 feet near the southern end of the basin,
while towards the northern end of the basin a depth of 735 feel waa
recorded, the intervening soundings bsing slightly shallowor,

These detaile show how extremely symmetrical Loch Ness is in all
ils Tathymetrical characteristica.  All the contonr-lines, except the
deepest one, approach rather eloger fo the southern than to the northern-
emd of the loch, tmt in the case of the F00-lset contonr this I8 reversad,

The shore-slope on hoth gides of the loch is nearly everywhers steep.
Gradients excesding 1 in 1 are of frequont ccecurrenca, and in certain
places the zlope approaches the precipitons, Kear the ssutharn end
of the loch, off the south-western shore st the entranes of the river
Oich, & ponnding in 204 feot was takon about 100 feet from shore, but
the steepest slopes were observed off the north-esstern shore in the
vicinity of the Horseshoe emuig, whore a sounding in 238 foet was taken
sbaut 100 feet from ghoro; another in 175 feet abont 50 feet from
shore; and, off what is known as the Cormomnt rock, a sounding in
205 feot wns taken about 60 feet Trom shore,  This last-mentioned
sounding gives a gradient exceeding 4 in 1, or an angle of about 15
from the perpendicular.

The steep shore-slope is farther seen by the manner in which the
contour-lines of depth ns a mle hog the shores, leaving o comparntively
very lurga area of the lake-floor along the central line of the loch
covered by vory deap water. This is strikingly shown by the fact that
nonrly ome-half of the entire Lasin is covered by more than 500 feet of
water, and over one-third by more thon 800 feet of water. In the
fallowing table are given the approximnte areas in acres between the
canserntive contour-lines drawn in at equal intervals of 100 fest, and
the percentages to the total ares of the loch .—

Feei. AT, Par cord,

0 g 103 1852 134
wo,, s, . .. 1540 .. T
00, Sl 1810 116G
E00 . 4080 112 =21
400, ik - 1= =31
SO0, G 1627 117
ao0 o, T L P [ | 177
Dver o0 2356 155
10,508 10



This table brings eut several interesling peculiarities when eom-
pared with the similar tables published for the other large Soottish
loohs. The most remarkalble point is that the two despest zones are
larger than any of the other shullower zones, the deepest zone of all,
thongh the mterval between the THfest confour and the maximum
depth ia only half the usual interval between the contour-lines, boing
the largest of all. Buch a distribution of the depth-zones has not boen
obaerved in any other looh, and is o reversal of the wsual rule of the
ehallowest zone being the lnrgest one, though one or two exceptions to
this rule have beon recorded, as, for inetanoe, in Loch Treig, whers the
zone betwesn 200 and 300 foot is larger than either of the two shallower
wones, and in Loch Lochy, where the zone between 100 and 200 feot is
n little larger than the shore-zgone. In the despest of all Soottish locha,
Loch Morar, the shore-zone is equal to 42 per cent. of the total area,
and the seeond zone between 100 and 200 feet 34 equal Lo 13 per cent.,
while of the deeper zones not one exceeds ¥ per cant, of tha total area,
In Loch Lomond, again, the shore-zone is equal 4o 62 per csnt, of the
entire area, and the second zone between 100 and 200 feet in equal to
18} per cent., while the deeper zomes are in each case less than 6 per
cent. In Loch Ericht the shore-zome is equal to 34 per cont., the second
wone babwesn 100 and 200 feet ia equal to 25 per cent., and the thied
zong betwesn 200 and 300 feet is equal to 19 par cent, of the total arves,
the deoper zones in each case not exoceding 10 per cont,  In Loch Tuy
thera is a regularly decreasing percentage in the =ones of depth from
the shore into deep water, the numbors for cach zone at intervals of
100 feet boing rospectively 30, 23k, 21, 164, B,
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