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Abstract—A 19 ha monisne reservoir was kept vertically isothermal by aeration all year

" round. Four macrobenthic species were abundant during the siudy: Asellus intermedius
{isopod), Chaeborus sp. (phantom midge), Hyalella azieca (amphipod), and Lumbriculus
inconstans {annelid). Several specms of Charonomidae were present and treated colfectively.
Hyalella significantly increased in abundance in shallow water during destratification. Chiro-
nomid Jarvae declined in abundance in the profandai zone during destratification in Winter
and Summer, Asellus, Chacborus, and Lumbriculus weve not significantly altered in abundance
during destratification.

INTRODUCTION

OpTiMUM management of reservoits is often hindered by thermal stratification. Treat-
ment problems of consumptive-use water (for domestic or industrial use), limited
recreational activity, and fish die-offs have been identified, directly or indirectly, with
thermal stratification. Several approaches to solving these kinds of water management
problems have been used, but water quality deterioration is relatively expensive to
treat. One potentiaily economical solution to improving water quality in certain
situations is to control or eliminate thermal stratification.

The principle of artificial destratification for water quality improvement mvolves
eliminating areas of the lake where oxygen depletion develops and iron, manganese,
and hydrogen sulfide increases may occur. Most destratification studies have shown
improvements in water quality associated with chemical problems (DerBY, 1956;
Rippick, 1957; Nickerson, 1961 ; Konere and Forp, 1965; BERNHARDT, 1967 ; FasT,
1968; Symons, CarsweLL, and RoBECK, 1970). Reduction in evaporation rate by
cooling surface water with thermal destratification is another potentzal beneﬁt in
water management (STREIFF, 1955).

The influence of thermal destratification on biological components is not clearly
defined. Fisheries scientists have offen attempted aeration of lakes to-eliminate fish
mortality caused by Winter oxygen loss. Results have not been uniformly successful,
but HempaiLL (1954), Rasmussen (1960), and Hacsey -(1968) were reasonably suc-
cessful in preventing winterkill. On the other hand, PATriARcHE (1961), Woops (1961),
and SEABURG (1966) found their attempts unsuccessful with small scale aeration,
Lackey and Hormes (1972) showed that commencing Winter aeration when dissolved
oxygen was Tow caused an immediate decrease of dlssolved oxygen and an increase in
iron,

Another biological problem attributed in part to thermal stratification is nuisance
plankton growth that characteristically develops in the epilimnion of some reservoirs.
As a potential solution to this problem, efforts have been made to eliminate blooms
or at least reduce their severity with thermal destratification. Intermittent water
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column mixing (ROBINSON, IRwIN, and Symons, 1968} and continnous destratifica-
tion (WIRTH ef al., 1970) have been successful in decreasing phytoplankton abundance,
at least on a femporary basis, However, increase in phytoplankton abundance (mainly
_Anabaenn) was noted by Ripigy, CooLEY, and STEEL (1966). Other studies (Kworrsrr
et al., 1970; HooPER, BALL, and TANMER, 1953) have also shown general increases in
phytoplankton abundance during destratification,

Bottom fauna response to artificial destratification is perhaps the least understood
biological aspect, Research on El Capitan Reservoir, California, showed that some
benthic species, including midge larvac and pupae, oligochaete worms, nematode
worms, and freshwater clams, rapidly invaded the profundal zone following destrati-
fication {INLAND Frserries BRANCH, 1970). WIRTH ef al. (1970) also noted habitation
of profundal muds by invertebrates following destratification of Cox Hollow Lake,
Wisconsin, Both of these lakes were highly eutrophic and contained typical warm-
water fish species. The purpose of this paper is to describe the effects of artificial
destratification on the bottom fauna of a high altitude, mesotrophic reservoir support-
ing trout.

STUDY AREA
Purvin Lake, Colorado, was selected for study to evaluate effects of destratifica-
tion (Ftc. 1). This 19 ha mesotrophic reservoir, constructed in 1927, has a maximum
depth of 10 m and a mean depth of 4-4 m. Parvin Lake is dimictic and located at an

Fig. i. Parvin Lake showing depth contours, sampling stations {circles), Helixors (iciangles),
and compressors (square), Dashed line indicates location of plastic pipe.
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elevation of 2500 m in the Rocky Mountains of northern Colorado. Summer surface
temperature usually does not exceed 21°C. Dissolved. oxygen loss occurs in deep
water during Summer and Winter, Ice cover lasts from November to April and
reaches 20-50 cm thlckness

‘ METHODS

Aerators uged during this study were manufactured by the Polcon Corporation,.
 Montreal, Canada. Each acrator consists of a one-piece polyethylene tube 46 ¢m in
diameter containing a continuous coiled structyre, which divides the tube into two
longitudinal sections. Air, released at the bottom of the.aerater through several small
holes, creates upwelling by bottom water rising in the tube, Désign, installation, and
operation of this destratification system is described in detail in Lackey (1972)

An identical sampling program was carried out at Parvin Lake during a control year
{November, 1968-October, 1969} and a freatment year- (November, 1969-October,
1970). During the treatment year the destratification system was in continuous opera-
tion and the Iake was completely destratified (LACKEY, 1972). At the three lake
stations (FiG. 1), four Bkman dredge grabs were combined in the field to form a single
sample covering 0:093. m?® of bottom area. Contents were sieved through a wash
bucket (0-515 mm mesh’ screen) and sugar fiotation and. rose bengal dye-used to
separate’ organisms. from debris (LACKEY and May, 1971).. Preliminary sieving trials
revealed large amounts of fine sediment in Parvin Lake, so mesh 0-515 mm was as
small as could be eﬁ‘ectwely used. Samples were taken on-a singie-day near the mlddle
of ¢ach month.

Previous studies and prehmmary sampling were used to select sampling stations
representative of the lake. Station IE (2 m) represented the bottom area between
0 and 4 m, Station ITI (6 m) between 4 and 7 'm, and Station IV (10 m) between
7 and 10 m (F1c. 1). Selection of the exact location of a station was made in areas
of homogenous bottom: Data from each station were.weighted in-accordance with its
proportion of the total lake bottom. General population increases or decreases were
evaluated by a sign test (DIXoN and MaAssEY, 1969). A significant run test means that
data "are probably not ocourring randomly (c.g. Winter abundance increased and.
Summer abundance decreased). Both tests aré nonparametric in that they do not
assume <lata follow a distribution.

RESULTS AND DISCUSSION

Four macrobenthic species were abundant during the study: Asellus inter-
medius (isopod), Chaoborus sp. (phantom midge), Hyalella azteca (amphipod), and
Lumbriculus inconstans (annclid). Chironomidae (midges) were treated collectively.
Four or five chironomid species were present, but positive 1den£|ﬁcatmn could not be
made,

Asellus abundance was not significantly different . between yeatrs (TABLE 1) The
annual cycle at Station II was similar in both years, except for the drop in April and
May. Abundance- at Station IIT and IV was irregular and differences, if any, were
obscure. Buscemi (1961} found maximum number of Asellus in Parvin Lake in June
and July, 1954, but this situation was not observed in e¢ither 1969 or 1970. ErLis
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(1961) found that Asellus generally breeds in April and May, after which the adult
population becomes much less abundant. A life cycle liké this would account for the
population decline in Parviri Lake in May.

‘Chacborus was not greatly affected by destratification (TABLE 2). However, WIRTH
ef al. (1970) found that two species of Chaoborus were affected differently following
destratification of a Wisconsin lake. C. punctipennis, a species that thrives in stratified
- lakes and is protected from fish during daylight hours because it rests in unoxygenated

" water, declined during Summcr aeratnon C. albatus became the dominant spec:es
‘during aeration.

Hyalella increased in abundance in shallow water (Statmn i), but did not sig-
nificantly change at the other two stations (TaBLE 3). Buscem: (1961) found these
animals to be most common: lg Parvin Lake in Autumn, Winter and Spring, which is
roughly similar to control year results, except for the lack of amphipods in.Spring.
However, during destratification Hyalella was also abundant during the Spring and
Summer, Since amphipods areimportant in the diet of several Parvin Lake fishes, this
additional Spring and Summer food may havea beneficial effect, especially on younger
game fish and forage fish species.

Lumbricwlus did not sighificantly change in abundance durmg destratlﬁcatmn
(TasLE 4), Station I generally supported increased numbers of Zumbrieulus during
treatment for no apparent reason. The number of dramatic monthly shifts in.abun-
dance during the control year was reduced during destratification: This is perhaps due
to climinating anderobic conditions in the profundal zone in Winter and Snmmer.
NICKERSON (1961) noted an increase in worms with Summer destratification. Studies
at El Capitan Reservoir, California, showed an oligochaete population increase and a
distribution extention followmg destratification (INLAND Fisueries BrRanch, 1970).
Both papers atmbutc the increase in- abundance to n:nproved dissolved- oxygen con-
centration.

- Chircnomid’ larvae generally declmed in abundance. durmg the treatment year
(TABLE 5)." All stations exhibited a decrease in all but Autumn months. One of the
most dramatic decreases took place in the profundal zone in Winterand Summer, This
might be due to abnormally high dissolved oxygen concentrations at the- mud--witer
interface during destratification. Water temperature alteration is also a possible
explanation, During the treatment year, water in the profundal zone was colder
(1-2°C) in Winter and warmer (4-6°C) in Summer than normal. Midge larvaeé
are capable of migrating away from unsuitable environments (BAy, INGRAM, and
ANDERSON, 1966). It is also possible that certain species responded to environmental
stress with emergence it unusual times, Chironomid response might be totally different
in the long run if certain species were able to colonize new areas. The results reported
here are different from those reported by WIRTH ef al. (1970) and the INLAND FISHERIES
BRANCH (1970), when chironomid abundance increased following destratification and
normally anaerobic areas were cclomzed
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various aspects: EDwArn B. Reep, Department of Zoology, Colorado’ State University: Davip C.
Bowpen, Department of Statistics, Colorado State Unwersxiy. W. R. Seaman, W. D, KvrgN, and
W. H. Bancock, Colorado Dmsron of Wildlife. The project was funded by Federal Aid to Fish and
Wildife Restoration {Colorado F-46-R).




1353

Bottora Fauna Changes Duriné Artificial Reservoir Destratification -

17 4 sL

{1124

880 $L°0 00z <L o0zt 0 0l .. 0S¥ 091 - 0fT. 09¢ (peyasiom)
. - ’ aBenay
£6°0 680 Ov8 06T 0f€ 9 00T 9% OFT  OQOET  000Z OOIZ 089 096  OOST Al
¥9°0 0z'0 ¥ L 0 0 I g 0 (44 It (4 [N S I :
0To 60 o o0 0 o0 9 I o [~ AR 4 6 o 0 0 i JORIEL,
- - 03z o0t 091 19 LT §5 6L L8 009 0L Ok — | —  (pemdpm) |
. SSursy |
— - Oty 0£8 0OL I €9 QLT QOE 0fE  GOL. .0I8  000d @ 0zl Al
- — .o 0T O 05 T $L T 008 @ I — - m
- - -0 ¢ 06 0 0 @ @ 4] oIt OH — - . fonue)
Iy sauSig Teex PO Mes SNy Amp sunf Kepy iy CTEW g mep oo AON C HOnES X
(2} Aupiqeqorg . A QO
NOIIVOLILYELSIA ONINNG GNY FH0SEE TV NIAYYg NI dAIOaTIon Q.B.nn.ﬁo O (W BTN} ZONVANOEY 7 TIRVL
850 veo 0011 0TS 085 .0Z6 O6E 0% O  OpE 095 008 . 00Z9 OCF L 000T  (paigBa)
: R i
0L'0 §9°0 L 0 0 0 w o 0o -0 T w0 0 Al
61°0 S0 06T 0SE Ovr OIF OFF OO O £ . 0L &b £ pe 00z1 11
or'o vE'0 00Z1 O0f6 000 0061 OIF OOOI- 0 00T OOCI QOOZ O00ST Q00T OOFI H JuITEsL L
- - 089 OWF  OLF OFF 09T 0BT OIT OST 069 Q0T 00T — @ —  (powydom) .
afelaay
- - 4 0 0 0 0 0 0 4] 0 0 55 0 OEE Al
- - QY tE  §L W O 0T T 08 Xl 08T oz — @ — m
— - Q05T  O0OTI 06T OOTT 06T € 05T O 00T 006 0088 $— @ — i e
mpuny By ey PO ey Bay Amp eung feW  udy IR G mer 9 AON  TouRlg Tea g,
(7) Anpqeqosy oW

NOILYORILIWAISEE ONTERT UNY THOIHE TIV] MIANYJ NI GHIOTTI00 SHpaiusny snjpssp 30'(; W INAN) IONVANNSY T ATEVE



Ronert T. LACKEY

1354

0LE

o 1o 00ZE Q06T 00  O00SL OOBE 0061 OIT OOIT  OF6 00T OL. 065 Gmﬁw..usu.
) . ) . : aferony
£5°0 LO0 COIT 008 o 018 0zF OIT 005 085 O00Z O 0005  OOIT 09 Al
850 LY 0001 QOEZ 00T  00Si OOPE O0ZL O 09y 08 OIS 08 Q0PI St m
o't 1o 005 OIZZ 00E  000T 0005 OOYE O 000T 058 O oF 1T 00ZT Ei Weugeal],
- - OsL Oty 0€8  00SE 085 08T 00T 08Z Ot LI 05z - - (psraBiom)
. s8viaay
- - AWIT 0 0ty 00SL 0081 O o 00FL . 006I 0 06 & on Al
- - WL 0 - 0091 QO8F O 05 Oz oTT W &5 $9 - - m
- - 02z 000I ozE  OIT  Oze . 01T €& 0 ir o It - - a - Tonma)
BHUY B TS meL . RO wag  Bay  Amp sunp fe  udY ey 'PI URr G CaoN aonels Tesx
() &niqeqoag Huon

NOILYILIIVYISIT ONIING ANY FHOIE TAYT NIANYJ NI GEIOTTIOD SUDISUOMU] SHITIGQUNT 30 {z-

I WAEWON) IONVANAEY *p TV

"S0°0 = v 12 WeoprEAg ,

00

08z

ozl

00’1 ®T oLl 05T I8 0t LA 061 QE 74) 09T (podem)
- . sdeAay
00'1 050 0 M 0 I o o 0 0 0 V Q 0 Al
€10 630 ¥ T ey 0 0 G 0 11 ¢ Q 0 ] 0o m
«000 +00C fge otk 00¢ 002 £9 (174 RN OLF © O¥E oL 00E 06T 099 I lustneary,
- - e L ¥ a 0 3 1 £4 0 o owr - — (p=yudiom)
. sfelaay
- - 0 0 0 o 0 0 G 0 0 0 o 0 0 Al
i - It 0 0 0 1] 11 € 123 0 0 It - - iis .
— - L 081 o1 0 0 3} 0 0 a 051 oz, — - - m jfonuosy
s TNy 189 UEIg TeeX  pQ ey Say  Amy  oung AWy e gag WEL  COHI CAON - UONENY . IBa)
(=) Amqeqosg _ WK

NOILYOIILYHISIA ONRENA ONY F¥OITE DAY'] NIANV] NI QRADXTIOO 193120 DIJSIOART 40 {5t WHAON) IONVANNEY ¢ TIEVY,



1355

60’ = T Je JuednrudIg 4

00 1o 0§38 0061 00zE OSI  ObE 09b 61 000 O00T1 O00ZT . OSL 00T - 09L  {(peluSis)
. eBRIaAY
*200 680 otz 0011 O TI -0 I 98 oI OIT T 081 Ol O Al
+E0°0 <500 066 0091 O OfE 08¢ 0OOT O 00T ODIT  O0ZT 091 O00CT  OF6 m
610, $L0 00IT 09T ~002Z 01 08¢ 091 O 056 008 0081 09¢ 000 O3 - o JusunEssy,
- — O0IT 006 0% 09, - Oz, 008 OOSZ O00IZ 006 00T 088 ~— —  (pejudiem)
Feraay
— - Oz € 0T T OPE Ol OST  OEL O 005 QL 068 TI 9% Al
— - 000Z OOET 099 0OZT 026 OOTT OO0LE QOST OOBE ©0OIE Q0C1 -— — pind
— - 001! OL6 00 065 OFL OOL. O0EC 00ST 068 OOZT 08L =~ — o - fonuoey
pmuny emufly  Iesx P ks CEny Ang emmy AR 1V TR qRd WEp 39 AON - UoHmg Teox
(2) Apqreqory Qoo

Bottom Fauna Changes During Artificial Reservoir Destratification

NOLIVOMLLY¥ISEQ ONIENA GNY FHOIIE TXV NIAUVE NI G3I0TTIO0 STPIUo0nY 0 (; - FIEWAN) IONVANDEY 'S TTEV],



1356 Rouert T. LACKEY

REFERENCES

Bay E. C., INorAM A. A. and Anperson L. D, (1966) Physical factors influencing chironomid infesta-
tion of waterspreading basins. Awn. ent. Soe. Am. 59, T14-711.

Bernnarot H. (1967) Aeration of Wahabach Reservoir without changing the temperature profile.

J. Am. War. Wks Ass, 59, 943-964. .

Buscemz P. A. (1961) Ecology of the bottom fauna of Parvin Lake, Colorado. Trans. Am. microsc. Soc.
80, 266-307. .

Deray R. L. (1956) Chlorination of deep reservoirs for taste and odot control. J. Am. Wat. Wks Ass,
48, 775-780. )

Dixon W, J. and Massey F. L (1969). Imroduction fo Statistical Analysis. 3rd edn, 638 pp.
MecGraw-Hitl, New York.

ELLis R, L (1961) A life history study of Asellus intermedius Forbes. Trans. Am. microsc, Sec. 80,
80-102, )

. Fast A. W. (1968} Artificial Destratification of El Capitan Reserveir by Aeration, 97 pp. Fish Bull. 141,
Calif, Dept, Fish and Game. .

Hasey T. G. (1968) Autumnal and over-Winter limnology of three small eutrophic lakes with
particular reference to experimental dirculation and trout mortality. J, Fish, Res, 84 Can. 25,
81-99, '

Hempwicy, 1. (1954) 4 Method of Preventing Winterkill, 8 pp. Ariz. Game and Fish Dept,

Hooerr F, F., BarL R. C. and Tarmem H, A. (1953) An experiment in the artificial circulation of a

’ small Michigan lake. Trans. Am. Fish. Soc. 82, 222-24},

INLAND Fastreries Brance (1970) Effects of artificial desiratification on disiribution af battomorganisms
in EI Capitan Reserpoir, 30 pp. Fish, Bull. 148, Calif. Dept. Fish and Game.

Enoerery P, L., Roox T, 1., Horksr T. and Oskam G. (1970) Destratification experiments at Rotter-
dam. J. Am. Wat, Wks Ass. G2, 448-454,

Konana G; B. and Foro M. E. (1965) Elimination of thermal stratification in reservoirs and the resulting

 bendfiis, 28 pp. U.S. Geol. Survey, Water Supply Paper 1809-M. ‘

Lackey R. T, (1972} A technigue for eliminating thermal stratification in lakes. Water Resour. Bull.,
J, Am. War. Res. Ass. 8, 46-49, '

Lackey R, T. and Howmes D. W. (1972) Evaluation of two methods of aeration to prevent winterkill,
Prog, Fish-Cult. 34, 175-178, - ‘

Lackey R. T. and May-B. E, (1971} Use of sugar flotation and dye to sort benthic samples. Trarns.

 Ami. Fish. Soc. 100, 794-797. o

NickersoN H. D. (1961) Gloucester-forced ciroulation of Babson Reservoir. Sanitalk. 9, 1-10.

PATRIARCHE M. -H. (1961) Air-induced winter circulation of two shallow Michigan lakes. J. Wildl,
Mgt 25, 282289, ' : '

RasMussen D. H. (1960) Preventing a winterkill by use of a compressed air system, Prog. Fish-Cult.

' 22, 185-187. - ] o
Rmprck T. M. (1957) Foreed circulation of reservoir waters. Wat. Sewage Wks 104, 231-237.
RipLey ¥. B, CooLgy P, and Stees J, A, P. (1966) Control of thérmal stratification in Thames Valley

" reservoirs. Proc. Soe, Wat. Treatm, Exam, 15, 225-244,

RominsoN E, L, Tnwiy W. H. and Swmons J. M. (1968) Influence of artificial destratification on -

- plankton populations in impoundments, Trans, K- Acad. Sel. 29, 1-18.

Seasura K. G. (1966) Aeration evaluation. Job Completion Rept, 12 pp. (F-12-R-11, Job 1)

" Montana Fish and Game Dept. - C

STREIFF A, (1955} Compressed air vs. drought, Compress. Afr Mag, 60, 232-235.

Symons J. M., CarsweLr J. K., and Roneck G. G. (1970) Mixing of water supply réservoirs for quality

" gontrol. J. Am. Wat. Wks Ass. 62, 322-334,

Wiega T, L., Dunst R, C., UrrorMarx P. D. and Hiusenaory W, (1970) Manipulation of reservoir
waters for improved quality and fish population response. Research Rept. 62, 23 pp., Wisconsin

" Dept. Nat. Res. : : .

Woops D. W. (1961) The effects of compressed air on winter oxygen levels in a fertile southern
Minnesota Iake. Minnesota Dept, Fish. and Game, Invest Rept. 230, 51-62.




