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The Transition of Water Temperature in The Lake
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The Transition of DO in The Lake (Upper layer)
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The Transition of Tolal N itrogen
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T-P (mg/l)
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Relationship with T-N and T-P on Water Quality in the Lake
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<BOD>
Solid waste :
Livestock ww 299, Domestic ww -
2.7 % 9.0 %
Treatment Plant _
o 338% 0 - Commercial ww
- o 22%
Total Pollutlon Load 2 498 kg-BODlday :
<T-N>
~ Solid waste Domestic ww _ _
T 20% | 108% . Commercial ww -
Livestock ww ' 0.6%
303%
' Agriculturai ww Treatment Plant
T 06% 55.7%
" Total Pollution Load : 8653 kg T-N/day
- C<T-P>
‘ ST . Domesﬁcw :
Solid waste . T g48%
C 20% S .
Livestock ww - o N oo S
313% . ,;, /. o
-+ Commercial ww
CL5%
* Agricultural wi_ Treatment Plant
_ 18% - : : 38 6% -
Total Pollutlon Load 142 0 kg T-Plday
Figure [11.4.2 Share of Discharged Pollutlon Load

by Poliutlon Sources (l',xlstmg)
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51

_ The objectives of these studies are to:

BIOLOGY

This section summarises the blologlcal research carried out in Inner and Outer
Punc Bay in Janvary- and February 1999 and makes some eomparrsons wrth
eartier studies in the same areas and clsewhere in Lake Tttlcaca

L1

The biological studies carried"orrt in Puno Bay include those oon zooplankton,

benthos, fauna of the macrophytes and aquatic birds. Other relevant topics
studred by consultation, literature search and field tnps mclude the fish of Puno

Bay, trophlc (nutrient) ‘levels, the adjacent Lake Trttcaca Nalronal Reserve and '
macrophyte distribution.

e o descnbe the fauna and ﬂora of lnner Puno Bay in the 1999 wet season

. compare the fauna and ﬂora of lnncr and Outer Puno Bay,

. ldentify any adverse ecologrcal condrtrons caused by pollutron and '

possible future trends of ehange

[
- ;i-__s

in the Inner and Outer Puno Bays in January and February 1999 Surface
- samples were taken in January and depth profrle samples (by haulmg the plankton .
net from bottom to top of the water) in February They were filtered through

. plankton nets (mesh size 280 p and 40 ) and the results shown in Tables i 5 !
and 111.5.2.

 Surface Zooplankton

T he surface 1ooplankt0n composrlrons differed consrderably between the Tnner
and Outer Bays The average numbers of copepods and cladocerans in the lnner o
bay were 8. 9/1 and 38 t)ll (total %9 respectrvely There were also major -

: _drfferences between the samplmg stations, from 2.4/1 to 26.8/1 for copepeds and

~from 13.0/1 to 77. 2/1 for cladocerans The overall ratlo of copepods to .‘

cladocerans was 1:4.3.

1184



In the Outer bay the uverage numbgrs of ¢opepods and cladocerans-were 4.4/1 and’
0.2/1 respectively (total 4.6/1).- "A§in the Inner Bay, individual sanipling stations
- were hlghly varrable with densities rangmg from 0.2/1 to 11.4/1 for copcpods and
from zero to 0. 6/ 1 for cladocerans The overall ratio of copcpods to cladocerans
was 22:1. ' ' '

The total average population in the Inner Bay (46.9/1 was larger than that of the
Outer Bay (4.6/1). " In the Quter Bay copepods outnumber cladocerans by 22:1,

o whllst in the Imler Bay cladocerans were relatively about 100 umes _more -

abundant than in the Outer Bay and outnumbered copepods by 43 times

: '_'Bo!lo:n to Surfa(:e Zooplankton o b .- oo

: Zooplankton numbers per htre in the Inner Bay again greatly exceeded those of

o the Outer Bay, by about 26 umes (69 0/2.6) and 10 times (121.5/12. 7

' respectrvely for samples taken wrth the 280;1, and 40p. mesh nels Total
| 'zooplankton numbers taken with the larger net (69.0/1) were about :57% of
numbers taken wrth the smaller et (121 5/1) _ Estimates of zooplankton
' populatron sizes clearly depend on the size of samphng net used ~The overall

_ratlo of copepods 1 cladocerans was 1:7. 8 for the larger nét Samples #hd'1:5.5 for
: the smaller net. S '

_ f her‘e were major dlfferences in the' estimates of populatron sizes at the dlfferent
: statlons For cladocerans these ranged from 1. 7/1 at Esteves lsland to 171.8/1 at

: Espmar Island (larger mesh snze) and for copepods from 0. 3/1 (Esteves) t0 23.0/1
o (jetty) -

Populatron sizes in January and Fcbruary cannot be compared wrth the avallable
| data Looplankton are not evenly drstrrbuted through the water column, tendmg
_ :to avoid the hlgh surface hght mtens1t1es and the low oxygen conditions near the
B bottom " e ' o

nes



[‘able 11L5.1 Zooplankton Abundance and Composntmn in the Surface
‘Waters of Inner and Outer Puno Bay, January 1999

Samphng Statlon C __ o o ‘_Zooplank_tqn Abundance (nosll) h

Cbpepdds '..Cladbceiéns_ “Total -

Inner'B??Y_.f o | |
k P““‘.’.P‘:’“j.et-ty e 1268 66.6 934
2 Est_evés 1sland R l o 18 -  |   176.'6" 214 |
3 MiddleBay 24 166 190
4 ..Fspmarlsland | o . 4.8 S 772 82.0

5 Entrance o to Navigation 58 130 - 88
_ Channel ... .-~ -~ %7 T e

Inner Bay averages 89 380 469

‘(I)'uté.r Bay : : o

1 Middeofbay ez o op
2 ‘. 3kmfr0m0hlmu _ 24 04 28 -
3  2km from Chimur o o 62 | _‘ 0 gl
.‘4 _'.60.0 m from Chimu - - 11.4 | 06 ) '12..0“

5 Entrance | to '_.Navngjttlon o 20 . 02 _"2.2’ E
Channel . =. - . o AT R P

OuterBayave'rag'es - " ' 44 S "0_2' 46

Samples filtered through 280 p 'mé'sh_'r'l'et_. -

0 [E: SO



Table I1L5.2 Zooplankton Abundance and Composntwn of the Bottom
to Surface Waters of Inner and ()uter Puno Bay, February 1999

Samplmg Statlon ' Zooplankton Abundance (nosll)
. Copepods Clado;:er.an ~ Total -
Inner Bay
1 -Pﬁrﬁdi)ért.j}e&f 0 sk@Ea®)  187(210) 1023
T . T (1648
2 Esteves Island 03(Ly . 17 @y 20(15 5) |

3 - Middle Bay
4 Espinar Island

Entrance to - Navigation
Channel :

2.0(18.1) 18.0(884)  20.0 (106.5

171.8 - 181.0

9.2 (18.9) @707 : (2,89'6)7'

0L 3@ 5L

. Inner Bay averages

- duter Bay

. 100m from Entrance {0, |
: Navlgatlon Channel

78086 61.2(1029)  69.0 (1215

'*06(44) 20(33) - 26(127)

0 Samples coliected by haulmg plankton nets (280p and 40 p. mesh swes) l"rom

*bottom to surface;

. 7_' Figures in brackets derived from samples taken with 40 pi mesh nets;
¢ . Samples of both net sizes collected from same locatwns and same date (9 2.99) and

' o tlme
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5.2

- Mudiz ef al* (1989) found ‘a total (Ja'miafy 1984) abindance of copepods and -

cladoceraiis of 223.5/1 in Tnner Puno Bay, an'average fi gure for the whole ‘water

'colurnn Thrs rs eXceedcd by the abundance (289.6/1) estimated wrth the smallcr' _

mesh net at Fspmar Island. - This total appears to be the hlghest recorded
anywhere from Lake Titicaca. In the Lago Pequeiio and Lago _Grande of Lake
Titicaca Pinto (1992) found mean maximum copepod and cladocera densities of
80-90/1 in January/l'ebruary 1982 and an absolute maximum (copepods only) of

1750, In those parts of the lake copepods always outnumbered cladocerans

T here are seven specres of copepods reco_rded from Lake Trtncaca (Pmto 1992)
“and 31 species of cladocerans (Réy, 1992). = Species collected in ‘this study will
- be identified by experts and discussed in later repors.

BENTHOS

_ Benthos samplcs were collected from three transects in the Inner Bay and one m
" the ()uter Bay. They were taken wrth an Ekman grab and the results (averages of

2 or 3 samples at each point) are sho_wn in Tables 1. 3.3, i 5. 3.4 and [11.5.3::5.

. The results show marked differences between the transects I transect l from

Inner Puno Bay, benthic orgamsms were. vrrtually absent At all of these points
submerged macrophytes were absent and the bottom sedlments of ﬁne black muds
smelt strongly of hydrogen sulphrde, indicating  strongly .anaerob_rc condrtrons '

unsuitable for benthic mac‘roinvertebrates. S In Outer Puno Bay bent_lros was more ..
* abundant with molluscs, Hyalella spp and Hirudinea (Ieet:hes) being the ‘most

common. At most of these sampllng pornts the muds were moderatel}r to -
strongly anaerobrc, indicating moderate to poor condltlons for the benthos

Benthrc macromvertebrates were most abundant in the transects across the dense :

_macrophytc beds of the Inner Bay (mamly Patamogelon strictus with small e

amounts of Mynophyllum elatinoides). * In the beds themselves the most

- abundant specres were the molluscs Taphms montants (maximum 2 ,375/m?) and -

'Lrllondma Spp (maxrmum 1800/m) amphipods Hyalella spp (maximum

1800/m? ) and oligochaetes (l900/m ). Within the macrophyte beds chironomids _

- occurred in low numbers, but up to 10,915/m? in the shallow ‘vegetat_i.on-free' '
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waters bclween the macrophytes and the shore. At all sampling points in the
-northeast and southeast corners ‘the fmud sediments were Tight brown with litle or
no hydrogen sulphide, 1nd1catmg aerobic condmons favourable for benthos.  The
lake waters of these areas were aISO considerably clearer than those of the central
“and other areas of Inner Puno Bay. ' N
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T rlble 1LS, 3 Benthos Densltles from Transect 1 (lnner Puno Bay),
January 1999 "

" Sampling Station and Denmty (noshn"’)

- Type - A | 2 . 8. . b

Oligochaeta _ 0 0 0 - .0
Hirudinea 0 -0 0 133
Tricladida - 0o 0 0 0
Mollusca ' a . R P .
| Taphius montanus 0 _ 33 0 7 50
Littoridina spp o 17 0 0
Amphipoda S oo |
Hyalellaspp o0 0 ' 0 583
Insecta o o : o '
Chironomidae - 0 100 33 -0

~ Station 1: Puno Port; Station 2: Esteves Island; Station 3: Middle of Bay, Station 5: Emrance to
Nav:gauon Channel . :

Table III 5.4 Benthos Densmes from Transect 2 (Outer Puno Bay), o

January 1999 4 _
. Sampling Station and Densities (noslm”) _
Type B 3 - 4 65 6 T
Oligochaeta -0 . 0 0 0 0 -0 . 0
Hirudinea - 50 583 583 O 50 - 33 533
Tricladida | T B
domioemminl o0 0 0o 0 0 o0
Moilusca : : _ , : : SRR
?}ophmsmontanus -0 0 17 0. "8 . -0 -0
Littoridinaspp ~ ~ 17 217 . 33 17.. 167 . 33 - 33
Anisancylus crequii 0 133 33 0 0 0 0
Sphaeriumsp 33 33 83 60 . .83 - 517 317
Amphipoda - R . Ce o ' o
Hyalellaspp 267 1317 1650 67 83 . 317 150
Insecta _ _ o P L ' o
Chironomidae 0.0 17 0 o 33 . 17

Also found: llydra sp and sponge colonies , :
Station 1: 100 m offshore Chimu water abstractmn plant Statmn 2: 150 m offshore
from Ojerani; Station 3: 100 m offshore from Sallihua; Station 4: 400 i offshore .
from Ojerani; Station 5: 300m offshore Uros tourist village; Station 6: 70m
offshore halfivay between Uros tourist village and Navigation Channel Statlon 7
halfway along Navigation Channel :
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| | Tﬁble_lH.S.S Behthbs I')ensrities froni fhe Macrophyte Bcds. of
the South East (A) . .
and North East (B) Corners of Inner Puno Bay, February 1999

A. South East Corner
~ Sampling Station and Density (nos/m?)

Type - S U . - LR AN LR SR |

Oligochaeta - 126 - 350 800 - 1500 < 1900 385 - 765
Hiradinea ~ = ~ 0 -0 26 - 200 50 135 35
Tricladida - - - 0 0 0 o 0 0 0
Mollﬁsca ' ' ' e
Tapbms montamts 0 250 326 8.00 2375 1715 100
Littoridina spp 0 0 25 150 1800 - 1215 235
Amsancylus creqau ' “ 0 0 0 0 B 0 165 34
. Amphlpoda . - .- S Ce e g ' g’ = - '
Hyaléllaspp 0 200 200 1775 1600 1785 = G5
Insecta : R " .A: | B | .- ..: |
o Chlromlﬁldae LU 1s T 1%00 150 0 25 25 6485 .3500

Transect from half way between Espinar Island to 50m from shore in south east
corner, samples at regular intervals. * Dense beds of submerged macrophytes

" B. North Easﬁ Corner

" Sampling Station and Densities (udsﬁn?)

CType . 1 g 8 4 5 6 T

~ Oligochaeta . 1035 © 8  3b 635 35 0 E
Hirudinea . . -0 -~ 0 15. 115 65 135 .
’i\'icladida ; . ' :

. E'uplanana T 0 0 0 J' 15 0 0 0
& dorofocepbal& :

Mollusca LT _ , :

) Tapb:usmontamzs 150 7400 335 :_650 - _.315 100 __3 :

_. 'L:ttondmas_pp SRR 0 3 .'_15 935 150 215

CAmphipoda o 0T
‘Hyalellaspp 700 235 - 950 1100 - 800 800 - 0
Insecta | ' RS - R , o
Chiromomidse 100~ 35 50 _ 35 2635 10915 5215

Transect from 50m east of Diablo Island to within 30m from shore in north east
corner, samples at regular intervals. * Dense beds of submerged macrophytes

not



The virtual absence of benthos from much of Inner Puno Bay conl" irms the earlier
ﬁndmgs of Ocola and Torres (1997) The hrgh “densities m *the submerged
macrophyte beds of the eastem side of the Innér Bay is the ﬁrst time that high

.~ benthos’ populatmns have been found in Inner Puno bay These areas ‘cover a

srgntﬁcant part of the bay. - The densities recordcd in Transect 1 of the Tnner Bay
are lower than those found by Morales et al (1989) in 1982 in srmllar locations. -
They are also lower than those found by Dejoux (1992) in various localrtres_ of the
Lago Grande and Iago Pequeﬁa areas of Lake l‘ rtrcaca However . the high '
numbers found in the sediments of the submerged macrophyte beds and . the
shallow muds behind them are amongst the highest macroinvertebrate densrtres

recorded i in Lake lrtlcaea (Dejoux, 1992). o o L

_Clearly, benthrc condrttons are very vanable m Inner Puno Bay, rangmg from

vtrtually intolerable for lrl'e to those in which some specres can ﬂounsh in very

_ h1gh numbers Thrs is partleularly so for ehrronomrd larvae whlch can lrve m a

5.3

'nearly all of the lnner Bay

wide varrety of condrtrons mcludmg low oxygen levels The benthre fauna of the -

submerged macrophyte areas is undoubtedly very rmportant for Inner Puno Bay

and i is mdrcatrve of the commumtres that must have been found at one tlme over

FAUNA OF THE MACROPHYTES

! The submerged maerophyte beds of lnner and Outer Puno Bay provrde attachment

food and shelter for a variety of macromvertebrates ]n turn, these provide food :
for 1he fish that lwe in and utllrse these areas. '

* The macroinvertebrate populations:of the submerged macrophyte beds' were
- studied in February 1999. Two large samples (about 500g) of maerophytes

(mamly Potamogeton strictus with small amounts of Myrmphyllum elatmordes)
were taken from the upper 20-30 cm of dense growths in the northeast comer of :

- Toner Puno Bay - In the Outer Bay, srmrlar srzed samples (about. %/, i

- Myrrophyllurn el_ah_nordes and Y/, Potamogeton striclus were taken elose to the

shore between the navigation channel and Uros'village The macromvertebrates

of all four samples were identitied and counted and therr densmes expressed as .

numbers per 100 g of dry macrophyte (Table IH 3. 6)
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Macroinvertebrates were abundant on the macrophytes. The dominant si)eeies in
the Inner Bay were Taphius montanus (318 and 518/100g dry weight of
'macrophyte) and Hyale”a spp (177 and 291/100 g dry weight of macrophyte)
- Hyalella. spp werg also abundant at Outer Puno Bay (360 and 392/100 g of dry
- weight macrophyte), with Lmondma spp as the dominant mollusc (280 and
101100 g dry weight macrophyte). . Few other speeles were recorded and
‘al\'veys in small nu'mber.s' o

: -The standmg bromass of the maerophyles was not measured but was clearly
| eonsrderable at the tlme and place of samplmg this and \/Iourgurart (1992)

recorded a dry werght bnomass for Potomogeron slrrclus in Puno B-ly of 267 gnt
o Usmg this ﬁgure, the densities of Hyalella spp and Taphms monlcmus in the Inner

Bay maerophyte beds can be calculated as rangmg from 473-777/m’ and 849- -

. 1383/m? respechvely The same assumptlons and calculations for Hyalella spp

‘ .. and Littoridina spp in (he Ouier Bay give density estimates of 961- 1047/111 and

, '270-748/111 fespectively.. These values are similar to hlgher values found for
these speeres in the benthos. . Clearly therefore fauna living on the submerged
macrophytes is of major srgmﬁcanee, not least as ﬁsh food

Table III 5 6 Abundanee of Macromvertebrates on the { .
Maerophytes of Inner and Outer Puno Bay, February 1999

: ';'Speeres : -; NumberllOOgof Dry Werght Macrophyte

Inner Puno Bay L Outer Puno Bay .

Samplel - Sample2  Sample 1 .Sa_mplez

: Cru'staeea: A S S , Lo _ _
o rryaieﬂa'spp e m 360 392
: _AlAncylus creéuu ; | | _ ‘0 f | :- 0 . 49 _ 14 i

}_Lrttondma spp . 0 ‘ _ 0 . | . 280 o101
- Taphius monlanus - 518 318 o 6 .. 1.
~Leeches . 15 B 3

3 Plamrlans-' R 6 "'”_9; _ o0 -0

CCorigid v T2t 00 - 0 - 0

oo * Dry weight estrmated as 12.7% and 13.5% of fresh werghts for Inner and
_ Outer Puno Bays respectlvely | ' .
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5.4 PHYTOPLANKTON _

The composition, abundance and productrvnty of phytophankton can be good
indicators of nutrient levels (espcelally mtrogen and phosphorous) and polluuon
* Despite this, and perhaps because ‘of technical drfﬁcultres, the phytoplankton of '_
the Inner Puno Bay is not well rescarched. Comejo et al (1991) demonstrated -
that (in the late 1980’3) phytoplankton was umfomrly distributed through the

water column with Tespect to chlorophyll a concenitrations, whilst .numbers '

~ decreased with depth In both the Inner and Outer Bays chlorophytes (green :
B 'algae) compnsed 50 60% of total numbers wrth dratoms and cyanophytes (blue-
green algae) of lesser 1mportance Phytoplankton was generally most abundant

- in the dry season partlcularly the genera Oscr!larorra and Anabaena (green .
' algae) ' '

CIn the late 19903 Ocola and Torres (1997) descnbed the relatrve composition’ of
the Inner Bay’s phytoplankton (Table 1115, 7) "Green algae were the most .
“abundant (80. 12%) with dratoms and desmrds of secondary rmportance Two
~ genera (Scenedesmus and Ulothrix made up half of all the phytoplankton These
later results show changes (eg. increased green algae ‘absence of’ blue~greens)
from the 19803 More intensive samplmg is requrred to show 1f such ehanges are_
permanent or due to short term vanatlons ' :
In January and February 1999 the waters of Inner Puno Bay (and partrcularly near
the western shores) were notrceably green in colour, mdrcatmg hrgh
phytoplankton numbers Such dlscoloratlon is typrcal of hrghly eutrophrc waters
in which hlgh nulrrent concentratlons can support very high phytoplankton
populalrons Water in Quter Puno Bay showed no such sngns R '

'Bes1des bemg an mdrcator of abnormally hlgh nutnent leve]s, excessrve -
' populatlons can cause drsruplron to lake ecosystems. - This can occur through the -
shadrng effect of high numbcrs which reduces the lrght levels towards the bottom -
of the lake thereby ehmmatmg submerged macrophytes Addltronally, the death .

and decay of phytoplankton, partrcularly if occumng suddenly; can'cause -
significant and rapid reductrons in drssolved oxygen levels, leadmg to sudden fish =~

mortalities (ﬁsh kilts). These have occurred in the Inner Puno Bay and the huge

decreases in submergcd vegetatron are probably partly attrrbuhble to hlgh '
- phytoplankton numbers ' : o , _ -
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In Lake Titicaca, the overall number of phytoplankton species (about 260) is low

“considering its age, sizc and habitat diversity.  About 90% of specics bclong to
 the ehlorophyte (greens), cyanophytes (blue-greens) and diatom groups The
‘_'blue-greens are generally the most common species. Most spcc1es are
eosmopoluan (found world w:de) with only 5% being restricted to ll‘OplC’ll arcas.

Only about 13 species are endemic (llhs 1992a).

U In the main parls of Lake Tltlcaea (Lago Grande and Lago Pequefio) blue- greens
" ‘and greens make up most ef the blomass Phﬁoplankton densntles up to 8
- -l‘l‘lll|10n cells per lltre have been recorded and biomasses up to 4054 mg/m , 180

_mgC/m and 5. 9 mg ehlorophyll a (lltis, b) Rlcherson er al (1992) reported
- average pnmary produehon levels in the Lago Grande of 1. 13 gC/m’/day, 0.56
. gClmzlday in Lago Pequeﬁo and 0. 82 gC/m /day in Outer Puno Bay Blomass

" and produelwlty ﬁgures wnll be much hlgher in lnner Puno Bay

: Table III 5 7 Composntlon of Phytoplankton in Inner Puno Bay
_ (Polluted Sltes by Hospltal and Espinar Island), August 1997

" QOrgapism : = - s : A Occurrence (%)
~ Chlorophytes _ o o o (80.12)
Chroococales -~ - o o
- Chroococeus . P T g8
. Gleocapsa . e 1065
© . Merismopedia ' o 038
* Qscillatoriaceae - B e SR R
. Oscillatoria .~ . . - - .. 054
Anabaena = . _ 162
* Hydrodyctiaceae ~ - . - T :
: Pediastrum _ R 4.28
* Palmellaceae = = : '
" Scenedesmus _ _ 24.24
- Solanastrum - - 1 . . 0398
5 Cmcngenia L L : R - 048
" Qedogoniales U I
 Ulothrix - - AR & %
Desmidaceae -~ . . o Q86
Renium IR o ' 009
 Closterium - T o 08T
. Staurastrum o 0.38
Cosmariym ' 1.52
- Diatomaceae , ' ; (15.45)
Tabellaria ' ' R 048
Asterionella : _ ' o 11.78
Synadra - : - 0.29
Navicula ' S : - 29
Protozoa - : S

. Source: Ocola and Torles(l997) :
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5.5 AQUATIC_ BIrRDS

.Lake Irtlcaca is renowned \\orld-wrde for its aquatrc brrds and largc numbcrs
" occur in the totora beds that make up mich of the nearby lake 'I‘rtrcaca Natlonal
" Reserve. | Large numbers of birds also occur in Inner Puno Bay and a short study
“of them has been made to detemnne 1f tts polluted condmon has 1n any way

affected them. '

A total of 41 specres of resrdentral and mlgratory aquatlc brrds are recorded from
the Lake Trttcaca Natlonai ‘Reserve (Table s, 8) Most or all of them can be
expectcd to oceur, or have occurred in Inner Puno Bay In 1992 and 1993 '
: Canalcs (1998) recorded the numbers of mlgratory brrds occurrmg in Inner Puno _
: “Bay and other nearby locatrons (TabIe IH 5 9) It is clear therefore that Inner o E %
| Puno Bay is an rmportant locahty for mlgratory brrds o T ' '

On February 6 1999 a survey of birds was made in Inner Puno Bay. - - A total of
18+ spccres was seen-in a“3-hour penod and- together Wlth tWO other species seen

on other ‘'occasions; 20 of the 41 aquatrc bn‘ds of Lake Tltrcaca have been séenina

L very short perrod Thls again emphasrses the 1mportance of Inner Puno Bay for -

birds, Nearly all of the birds seen were close to the shore, partrcularly betWeen
the UNA campus and Espmar Island and the northeast and southeast corners of
the Inner Bay. - The former arcas are the bay s most polluted areas and many

" birds were scen feedmg in places where sewage drains dlscharge drrectly to the
water. The most numerous birds were Phalaropus tricolor which’ oct:urs in the
eastern part of Tnner Puno Bay, feedmg amongst the beds of submerged
macrophytes which occur there '

Canales (personal commumcatron February 1999) reported that several spccrcs of
aquatic birds that used to occur in the Inner Bay no Iongcr do so " "These mclude

- Centropelma micropterum, Gallmago gallmago and Podrceps occrpltahs On
the other hand two species of birds have become more common m recent years -
Phaiaropus Irrcolor and Phoemcoplerus chdensrs
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Table IHSS Aquatchlrds of thc Lake 11t1¢acaNatwnal Reserve

o Birds seén, malnly on 6“‘ Pcbruary R: Rcsuienl M: Mlgratory

mer

~ M  Local Name English Nante
Podiceps occipitalis R " Zambullidor R
Rollandia rolland  * R ~ Zambullidor White-tufied grebe
Ce.mropelma microplerum R Ninra, maca alicorto Short-winged grebe
Phalacrocorax olivacens  * M Mehke Olivaceous cormorant
Phoenicopterus chilensis  * “M  Flamence, Pariguana . Chilean flamingo
. Egrettathula® oM Egret
 Bubulcus ibis ‘ R
Casmerodius albus M - Garzablanca _
© Nyclicorax nyc:‘icoiar R Péjaro bobo Night heren
' Plegadis n;dgﬁ'ayi : Cuervillo de [a puna Puna ibis
L.oplrane!m specularioides R _ S ‘ T
. Anasﬂavirosiris * R Pal_o barcino Spéckled teal
. Anas versicolor . * R _Pato puna Punateal ., - .
‘Anasgeorg:ca * ' R _Pa!o‘coia égunda_ o Yellow- billed pmlall o
’ ‘Anasqanop!em * o "_'R ' " Patoala alul . Cinnamon lca] o
- Owyurd ferruginea - R° 7 Patozambultidor Andean mddy duck
Rallus sangiinolentus - *.0 + R Gallineta commiin ‘ _Plhmbeous,fail :
Gallinula chloropus ' o R - Gallineta de_agua' . Mot’;rhcn -
Fulica americana _‘ R . '_Aj(‘));a R American coot
" Fulica ardestaca o R 7 Choka R
'_Fuhcagrganlea A R 'Choka A_]G)' - Giant cool -
Phalaropus tricolor + % ©* 7+ 70 ¥ M Falardpd tricolor’ Q\Vils(m‘s‘ bhafa‘fdpé' L
-.-,Recurvimsirﬁ andina -'»‘ PR . M : : v S s
,Hrman!opus h:mantopus . _:,‘{ M Ccola—aﬂo ‘ _' Common sltlt
. laneﬂus resp!endens s ‘ VR_- o Tem serrano L . j Andean lapmng
' '.Pl_:gwahs dominica M T -
" Charadrius alticola .+ .M Chorlito serrana : Puna plover E _
.. Tringaflavipes . * - M Chorlo patas ﬁrﬁaril!a_s : ~ Lesser yeltow legs .-
: ITrfnga melanolenca "M - Chorlo mayor patiahmrillo_ . Greater yellow legsr o
* J-ictr'ﬁ_‘kni&i‘u?ar{a M T R
" Calidris mauri M
Calidrissp . . - M -
Calid}ifs bairdii * M
:Cah’dris melanotus - . M - _
- Gaﬂmago ga!lmago M ) Sak’a-Sak" ) _ Pu'na snipc S
: Iamsplpxxcan co M Keliwa, Gavm!a andma - " Franklin’ sgull
7 Larus serranus * M Gavmta menor 7 Andean gull
..-';Cmclodesfuscus iR S o : -
'.":Phleoa)piesme!anops . R _'__Tbtore{o : _ Wrm like rushbnrd s
'Tachuns rarbrrgas{m ' R '  -‘ : Siete colorcs _' Many co]oured rush t)rant
" Lessoniarufa * 7 R S Negrito - " Rufous-backed negrito



Table III 5.9 Numbers of Migratory Birds in Inner Puno Bay and
" Three Localitics in Outer Puno Bay, 1992 and 1993

Tolal numbers of Migratory Birds

: Localtty

_ : 1992 : - 1993
Inner Puno Bay o : 5089 . o 128y
Chejofia, Outer Puno Bay 2857 - o 1659
Paucarcolla, Outer Puno Bay S 7324 3352
Lake Titicaca National Reserve, ' I ; :

" . Quter Puno Bay _ _ 3074_ - 2.746_ ,

Total ) L0 18,344 ‘ _9,040_ U

Source: Canales, 1998

5.6 MAGROPHYTES oF INNER PUNO BAY

The macrophyles of Inner Puno Bay haVe ‘been most recently studled by Ocola_ S

and Chambr (1995) and Ocola and Torres (1997), whilst earlier studles mclude‘ .

those of Collot (1981) and Comejo et al (1989) More than lS specles of . N

macrophytes occur in Lake Titicaca, most or all of which occur in Outer Puno
Bay and at least eight have been recorded from Inner Puno Bay (Tab!e H'[ 5 1 0)

Figure xx shows the most recently mapped dlstnbutlon of macrophytes (1997) in
‘the Inner Bay Emergent totora (Schoenopleclus mtora) occupres a broken
fringe around the periméter whllst submerged macrophytes (mamly Potamogeton

strictus with lesscr amounts of Mynophyllum eIatmordes) are mamly réstricted to
the northeast and southeast corners. . The present dlSll"lbuthIl is elearly much ';_
reduced from earlier times. Thus Comejo et al (1989) reported that totora
declined from covering 70% of Inner Puno Bay in 1937 t0 16.3% in 1980 whllst
Ocola and Torres (1997) estimated its abundance in 1997 to be 363 ha about 21%

of the Inner Bay. Other specics have declined also and estimates are shown in .

Table li1.5.11. In total the amounts of submerged macrophytes are estlmated to ‘
have declined by 65% between 1981 and 1997 ' R

One type of ﬂoahng macrophyte, I emna (lenteja de agua) has mcreased in recent
years. Although present in the Inner Bay and common in the carly 19803- -

(Comcjo ef al, 1989), it mcreased to very hlgh levels in the mlddle 1990s (Ocota = =~ .
and Chambi, 1995).  Between 1993 and 1995 it covered up to 360 ha (21%) of

the Inner Bay, but had declined to 90 ha .in September 1997 . In

January/February 1999 Lemna still covcred a much smaller area than m the :
earlyl:mddle 1990s. '
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Table YI15,10 The Macrophyte Taxa of Lake Titicaca

_ Submergent Floating Emergent
" *Chara spp ' - Azolla filiculotdes Hydrecotyle ranunculoides
 Nitella clavata *Lemna gibba Litaeopsis andina
tSciaromium sp *Lemna sp Ranunculbus trichophyllus
© *Elodea potamageton - S *Schoenoplectus tatora

*Ayriophyllum elatinoides

"‘Pommogémn strictus

Ruppia maritima

- Zanechellia palustris

- Source: Comejo ef al, 1989. :
_‘Occur in Inner Puno Bay Olher specres may also occur m small amounts

Table III.S.I! Levels of Macrophyte CoVer_ in Inner Puno Bay, 1981 and 1997

Specigs ' ~  Levelof Cover (ha) ‘ % Decline
S B CO1981 . 1997
Charaspp - oL 120000 e 100
E!odeapo!amoge!on o g S8 ns o | 100
"-ZMynophyuum efa!mordes Coe 207 - 95 | '; s
; Potamogeton .smc{us I ' 7{5 SR 52 " S 93
'-Schoenopleclus la!ora B : | 541 ' 363 o Voo 33

' Source Ocola and Torres (1997)

*

. recorded in small amounts by surveys undertaken in thls study m February 1999 ,

- mst not srgmﬁcant o

' 5.75

A TROPH[C LEVELS m THE INNER BAY

'_ Lake Tmcaca is for thc main parl an ohgotrophrc lake wrth low lcvcls of plant

nutrients, pamcularly mlrogen and phosphorus Studies in Inner Puno Bay
(Northcote et al, 1989; PELT, 1994) have shown that it has very much higher
nutrient levels than the rest of the. iake Frgme xx shows the lrophlc (nutrlcnt)
levels in the Inner Bay in 1995 based on icvcls of To{al Phosphorus (Total P) in

< its waters at lhat trme

: Thus 1n the mrddie l990s trophlc condllrons in Inner Puno Bay vancd from
- meso eulrophlc (10- 30 pgll 'Iotal P)to hyper eulrophrc (>100 ugll Tofal P) The

best (meso culrophrc) conditions were found along the castcm shores whllst the

- worst (hyper-eutrophlc) exrsted along the southem westem and northcrn shores
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5.8

_These are the areas that receive partially treated waste waters: from  the Espinar

treatmcnt lagoons and flows of untreated sewage wastes and rainfall run-off.

" The great majority of the lnncr Bay was classrﬁed as eutrophre (Total P 30 100 |

ug/l)

“The lugh 1roplue status of the Inner Bay has caused many changes to its chemleal :

physical and biological conditions.
FISH OF THE PUNO BAY

The ﬁsh fauna of Lake Tmcaca presently consrsts of nalwe ﬁsh - 18 or more

'specrcs of Oresnas (caraehl 1sp1) and- two species of Trrchomyc!ems (sucha

L catfish) - and two introduced. spccres‘ Basrhchfhys bonarrens:s (pejerrey) and

Saimo gmrdner: (rambow trout trucha)

In the early 19805 T revrﬁo ef al (1984) recorded four specres of Oreshas in Inner

~ Puno Bay 0. olivaceus (carach1 enano), 0. :spr (1sp1) 0. Iuteus (carachl amarlllo)

_ and O. agassii (carachi gris) and the pejerrey.  In the middle 19905 (Ocota and

- than in the Outer Bay (Oeola and Torres 1997) * This suggests that condrtrons_ .

Torres, 1997) only the pejerrey, carachi amarillo and caraehl grls were caught
The two species no longer found in the Inner Bay (carachr enano and lSpl) still
occur ln the Outer Bay '

) The comparatwe growlh rate of earaehl amanllo was lower in lnner Puno Bay -

are less favourable for it in the Tnner Bay. _Co_ndrtlons generally seem to be poor

for fish in this area as the average annual yield is‘only 56 kg/ha.  Likewise, fish

catches are estimated to have declined by 65% in the last 20 years. The pejerrcy

" eats mamly zooplankton which is abundant in the Ilmcr Bay, and the present -

o condmons are behevcd to be favourable for thls specnes

9 L

29, 150 ha are in the northem part of Outer Puno Bay and the remamder in the -
) north of Lake Titicaca. The Puno Bay scctor $ boundary follOws the shotelinc of
the Tnner Bay s northeast comer ‘down to lhe Outer Bay end of the main
'navrgatron channel, and thereafter mcludes vrrtually all’ of the extenSWe totora _
~beds of northermn Puno Bay The LINR has more than 60 specres of bird,

LAKE TITICACA NAT(ONAL RESERVE (LTNR)

lhe LTNR was declared on 31 October 1978 and covers 36 180 ha, of whreh

: m{’roo'_
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_ including some in danger of extinction. In total, the LTNR is believed to contain
about 50% of the whole of Lake Titicaca’s birds and wildlife.

"In:reco'gniti(’m of the'LTNR’s;'n‘ational and international significance, it was
declared 4 RAMSAR site on 20™ January 1997. The RAMSAR Convention is
onc of the most power[‘ul and influential of international wildlife protection

- measures. National go'vemr'nents arc obliged by the Convention to undemke all
féasonable méasures fo protect ifs’ declared sites - such ‘as the LTNR.  Up to the
present trme the only recorded rmpact of conditions in the Inner Bay has been the
presence of large amounts of Lemna in the LTNR’s river Huile (Willy).  This

: decomposed to given unpleasant odours and pfesumably locahscd and short term

" negatrve effects on the rivef’ s fauna and ﬂora R

5._10 Blot.oochL PROBiL'EMS‘ -

There are undoubtedl).r blologlcal problems in the Inner Puno Bay. . _These are at
 feast partlally caused by factors beyond the control of any authortty

(1) the hrgh altitude of Lake Trtrcaca means that there are naturally low
‘ oxygen levels m the water at saturatron levels approxrmately 65% of that
- ‘at sea level lhus the Inner Bay 1s more llable to suffer low oxygen
'levels and oxygen depletlon than lakes at iowcr altltude A level of
biological activity that depletes the Inner Bay s waters of oxygcn would

o not necessanly do 50 at lower altttudes, -

(n) the waters of lnner Puno Bay are, because of thetr shallow depth
_ comparatwely warm They therefore hold less oxygen than thc colder
waters of Outer Puno Bay, thus bemg more llable to suf ler depletron

(m)the troptcal latttudes of Lake Tltlcaca ensure that it réceives a hlgh year-
~ round level of radtatron (enhanced by low cloud levels) thereby providing
the energy for contmuously hlgh levels of blologlcal actlvrty and oxygcn

consumptlon,

(rv)the vrrtually enclosed nature of the Inner Bay (tumover perlods estlmatcd
. at 18-64 )ears) wrth minimal water exchange with the O‘uter_ Bay_ via the

~two navrgatlon channels. - Al materials and substances entering the Tnner -

_Bay tend to stay there and accumulate On the positive side this barrier -

Cmeer



- (of alluvial sediments) prevents contamination from entering the Outer
- Bay. ' '

The above four factors therefore pre-dispose the Tnner Bay to pollution problems
So far as blological problems are concerncd the followmg are the principal ones

. loss of species and declme in abundance of submerged macrophytes (and
their attached fauna), due principally to low lrght levcls and low oxygen
_ content of deeper water and muds

o loss of benthos over much of the lake caused by low oxygen condmons |
in the deeper walers and bottom sedrments, :

. loss of fish spawning and nursery areas, due to loss of macrophytes;
~e . loss Of ﬁsh species and abundance; -
. high nutnent status of the water to the extent that over-produetlon of

) phytoplankton occurs ‘effects resultmg from this are loss of water clarrty, _
excessive oxygen consumptron on their death and decay, and consequent
. adverse effects on submerged macrophytes zooplankton and fish
K abundance and composrtron, _j o ' '

U a general malfunctlomng of the Inner Bay aquatrc ecosystem due to the '_
- above drsrupttons '

'-'l"h_e causes of th_ese bio}ogical proble'ms:are basic_ally:

* . high mﬂows of nutrients from untreated and partraliy lreated domestrc
vaste waters ' '

. high inflows of nutrients from storm waters entering the Inn_er Bay; -

¢ - high inflows of sedrments and suspended materrals from both. of the s
+ above sources. o o ' ;
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~There is no reason to believe that the Inner Puno Bay is now at some stage of
biological equilibrium with its environment.  The expectation is that if the causes
of the biological problems are not effectively dealt with, the Inner Bay ecosystem
will continue to decline as it has done for so many years.

6 PUBLIC HEALTH CONDITIONS

6.1 SURVEY

- Faecal and collform bactcna were found in large numbers by Rivera et al (1989)
i the’ wateis of Tnner Puno Bay in the early 1980s.” Faecal coliforms occurred in
“numbers of up to 10°/ 100 ml, with numbers being highest at the western end of the

Tnner Bay along the Puno watetfront close to major sewage and run-off discharges.

Numbers decreased to zero by the centre of the bay, some 2000 m from the shore

Ocola and T orres (1997) found similar numbers (1.4 x 10" - 22.5 10%) of both total

and faecal coliforms along the western seafront and at Espinar Island close to the
. dlschargc pomt from the treatment lagoon.

: Sanchez el al (1989) found the eggs of a variety of intestinal parasites in the

waters of the Inner Bay, parhcularly close to the western shores.  These included

 the helminth parasites Trichuris sp, Ascarrs sp, Hymenofepts nana, Taenia sp ‘and
'Lrgula_mrestmah_s. A survey amongst people living close to the shore in Puno

Bay showed that 14% were infected by one or more helminth, with rates up to

40% for'young people. Helminths are spread by ingesling' their eggs or other

;} S _developmental stages from contaminated water and food as well as from hands of
' infected people soiled by faecal matter. o |

o The presence o{' bactena and helmmth eggs in the Tnnet Puno Bay show that it is
" not suitable for any water contact aclivities e.g. swnnmmg, washing clothes,
' ﬂshmg ~The waler has a high risk of infection from any of the numerous
: pathogemc orgamsms (bactena vnruses protozoa, helmmlhs) that can be
transmitted via water and occur there because of inputs of unireated and partially
_' 'tre’at'ed waste '\uaters' ‘Additionally, the inundation zone of Tnner Puno Bay is
'_used extcnsnvely as a pubhc open latrine and is a major potenlnl source of

dlsease '
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6.2

In the middle 1990s there was a cholera outbreak in Puno. its spread was
belicved duc at least in part to cating cholera-contaminated fish from the Inner

- Bay, the pathogen arriving in the first place from unproperly treated scwage or
~ from the inundation zone. : ' ‘ a2 SRR

None of the organisms referred to above havc_becn.fo_r_rn_d,in the Outer Puno Bay. .

PUBLIC HEALTH PROBLEMS

- The waters of the Inner Puno Bay are a major health problem Pathogenic

- organisms are_particularly abundant around the shore cspecrally close to the

_watcrfront The problems are caused by drscharges of umreatcd and parhally

Ireated domestrc waste waters and ramfall run -off, as weli as the use of the

'- _ mur_r_datrorr zone as a publrc latrine by many people in Puno_. -
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; o CHAPTER -1V
FRAMEWORK OF THE INTEGRATED WATER POLLUTION
CONTROL PLAN FOR PUNO INTERIOR BAY
1. GONCEPT OF THE INTEGRATED WATER POLLUTION CONTROL PLAN
11 GQAL "

_ (WHAT IS THE GOAL OF THE PLAN ?)

The Integrated Water Pollutlon Control Plan aims prnmanly to 1mprove the water

-~ quality of Puno Interior Bay polluted by urbanlzation of Pung City, and
consequen{ly to contribute to the conservation of its unique nalural environment
and to the development of the regional economy and living condilions. .-

1,2 SUBJECTS

(WHAT ENVIRONMENTAL FACTORS SHOULD BE CONSERVED ?)

Water Quallly of Puno Intenor Bay

I

Scenery of Puno Interior Bay

Flora and Fauna of Puno Interlor Bay

Public Health Condmons of Puno Interior Bay and Puno City

1.3 PURPOSE

(WHY THE WATER POLLUTION OF PUNO INTERIOR BAY SHOULD BE
CONTROLLED ?)

) Selution of the Water Quaiity Problérne of Pund Interior Bay
- Recovery of the lake water transparency

ot Control of the bactenal contamination

Coxl_trel of _Le{nr?a outbr cak

el



@)

(3)

2.1

o

(2

(3)

(4)

Protection of Puno Exterior Bay from Expansion of Water Quaiity Problems

in the Interior Bay

- Control of the intake water quéliijr for water supply
- Control of the water quality for fishery
Conservation of the Natural Environment as a Tourist Attraction

- lmprovement of the Scenery

- Conscrvatxon of lhe lake water ecosystem (Totora w1|d bll’dS etc)

‘_STRATEG_YOFTHEPLA_N‘ BEERAEE | R &
_TARGETS.

(WHAT LEVEL SHOULD BE REACHED ?)

Lake Water Quallty

, Recove.ry of the acceptable water quaiity as it 'ﬁsed to be ihfihc 1'97"70.’3
Scenery |

- Reduction of Lemna distribution -

- Reduction of littered solid wastes to'an insignificant level ¢)
Ecosystem
- Rehabilitation of red (Toto'ra) belt ' e
- Conservatlon of habrtats for wﬂd blrds

- Recovery of fish and benthos

Public Health' Conditidns

- Reducuon of hltered wastes in the watershed ‘and lhe !ake o

- No bacterlal contamlnatron in the watershed and the lake o
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2.2 TARGET YEAR
(BY WHEN WILL THE PLAN MATERIALIZE )
_ Short-term target year : - the year 2008

Mid-term_target year: . the year 2015
Long-term target year :  the year 2025

2.3 TARGET AREAS
(WHERE WILL THE PLAN TARGET 7)

(1) h Measures against the Water Quallty Prob!ems

- 1) Watershed / Catchment Area |
The \'L_rhole catc]mléht area of Puno Interio'r.Bay
2) In-Lake o
Puno In_teriof Bay
(2 Méasures aga.inét the Deterioratién 6f.Sc_'en:e'ry
The whple Pun.p. It.ltrerior Eéy and its Hmterland
(3) | .I.\neasu.r'es againét_the Ec-o'l_o.g.ic'al Problérﬁs
Northem, western ahd éoulheméhqrqs 6f ?uno In_t.grior .Bay
(4) Measures againét the'Pu_in-c Healfh Prl'c‘abl'ems'.
The wﬁble .'catchn.lf;,n't a;éa'ahd thf; littoral area Qf P.unto Intérior an | '
. 24 .ME.T.HC.:i}OLOGY
(HOW TO CONTROL TH.E PROBLFMS ?)

In general p0551ble efforts to nnprove lake envnronment are classnﬁcd mto the

followmg threc cqtcgones
- Slrucl_ura! Measures
- _Non-Strilct_ura_l Measures

- Environmeéntal Monitoring -
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Structural measures are defined as the measures taken by administrative bodiés to -
physically improve the environment of L ake Txtlcaca Non- structural measures
arc defined as the measures which aim to motivate the state/local governments
private sectors or citizens to take some acuons_ for environmental nnprovement. |
Environmental monitoring is defined as anenvironmental adﬁﬁnist'ration tool
which detectsfidentifies environmental problems, assesses the effects/impacts
caused by the implementation of structural measures, and Touses people s
© awarencss. Allhough the structural measures must be main category, the -
integrated plan will not fulfill its function unless all measuges ate systematlcally :

combined. The conceplual ﬁgure of “The Integrated Water Pollutlon Control: o

]

Plan for Puno Interlor Bay” is shown n thure IV 2.1
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Water quahty problems of Puno Interror B'ty have been undoubtedly caused by
pollution loads drscharged from Puno Clty and the watershed. Pollutlon loads
have been accumulated in both the lake water column and the boltom sedlment for

a long time. Iake ‘water polluuon has deterlorated ecosystem and scenery in

Puno Interior Bay. - Poor wastewater management has also caused pubhc healthi

problems such as waterborne. drseascs Thcrefore the first priority of the

mtegrated plan should be gwen to the nnprovement of lake water quahty

:Pollullon load reduction in the watershed and in the lake wrll 1mprove the lake

water qualrty Conscquently, water quality 1mprovement will contrrbute to"

: _ 1mprovement of the ecosystem, the publlc health condrtlons and the scenery

ln_sul‘ﬁcient solid waste management ca_use_s illegally dumping or litteré_d waste in

~ the clrainage and on the streets which affect public health conditions or sewerage:
_Systems and clog up urban dramage Storm water flushes the lrttered waste into

.. the lake or mundatron area, whrch deterrorate the scenic view of Lake Titicaca -

. ,that is an rmportant component of tourlst atractrons Therefore m the mtegrated '

(1)

: 'plan, a high prrorrty should be gwen to solrd waste management as well as water
_ qualrty 1mprovement ' ' ' '

_ St_ructural Measu_res

1) Water Quality Improvement -

Measures are broadly classified into two categories; one is external pollution load .

reduction and the other is mternal pollutlon load reduction. External pollutron'; :
: loads are gcnerated from varlous sources in the watershed of Puno Interror Bay o
Internal loads exist and are generated in the lake water column or supplred from >

. the bottom sedrment

Measures should be. begun with extemalfpollut-ion load rctlltction “The extemal :
- load reductron should begm with the reduction’ of pomt source loads and thet-
reductlon of non-point source loads should follow it. Intemal pollutron loadf

L reductron should follow the extemal load reductlon

_As for cutrophrcatlon long term reductlon in algal blomass and/or‘ macrophytes G
“such as L emna usually requires a srgmﬁcant reductlorr in water column nutnent" :

concentrations, Phosphorus or mtrogen are the nutnents whlch are usually
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targeted in lake management because they are often the nutrients in shortest
~supply relative to plant demands and they thus can limit further macrophytes or
algal growth.

. a. EXternal Pollution Load Reduction

In Puno City, domestlc and commercral wastewater are major pomt sources of
pellutlon loads. 'lhe most of them can be collected by sewer system treated
by wastewater lrealment system and finally discharged to the lake as cffluents
of wastewater treatment_ plants. Therefore the first prlorrty of external

pollution load reduction should be glven to sewerage system de_velopmenL

. ‘ : 'In the sewerage non served area, domestlc and commercral wastewater should
be freated on the site by a sanitary toilet or '1 septlc tank before drschargmg
into streams, drains, groundwater or dircctly into the lake. There arc fow
major mdustrral pollutron sources in Puno Crty, however. major pollution
._sources such ‘as slaughterhouse should be enforced to install a wastewater

~ treatment facrhty at therr own expenses by the effluents conlrol regulahon '

- Nonpomt (dlffuse) pollutant loadmg to streams or chrectly to the lake is
loadmg whlch does not enter from sources such as pipes but mstead from_
: overland ﬂow or groundwater seepage. Agrlcultural and urban areas are
'rmportant nonpomt sources and are drfﬁcult and expcnsrve to control
. mtensrvely or effectlvely by structural measures. Lo '

'b. Internal Pollution Load Reducti_on |

A srgmﬁcant reductron m extemal pollutron lmd is an cssentral but not
: __necessartly sufﬁcwnt step towards the lake water qualrty lmprovement for
tong term control of eutrophwauon Internal nutrrent loadlng from aerobrc
4 'Jand anaeroblc sedrmcnts from groundwater seepage from decomposmg
;macrophytes and from orgamsm actlvmes can add nutnents to the water
I, column at rates equal to or greater than extemal loadmg Fxtemal nutrlenls
. ‘reduetlon may not have all of the expected effects of lowermg macroph)'tes or '

' algal blomass unttl these mtemal sources are managed



Possible measures should be divided into two categories one is to directly
decrease potlutants’ concentrations in the water column and the other is to'
reduce pollutants® loadmg from the bottom sedrment

More than one techniquc may be used at'oncef - Nevertheless, for most in-
lake tcchmques to bc effcctrve, rmportant external loadrng sources should be
'controlled first | '

1 2) scehefy l__rn'prou'emént '

In the watershed, littered wastes in the streams, along the shoreline, ort'the streets -
~or around the final drsposal site deterrorate the sceme view of Lake Tttlcaca
Therefore sohd waste management 1s an urgent measure for scenery rmprovement |
. in the watershed ' ' | '

In the lake, nuisance spread of Lemna deterrorates the scenic view. - Therefore -
 the removal of Lemna must be urgent but the monrtormg is mdrspensable o
| check unexpected negatrve rmpacts “such as outbreak of algae whrch may take

Lemna s place Totora (reed) is the main component of the scenery of Lake
T rtlcaca, and 50 replantmg of 'I otora would recover the lost natural vrew '

o 3)'Ec'c‘>sy'ster’n ;lfnprjouerinent
Water pollution has caused poor aquatic ecosystem in- Puno Interior: Bajr
- Therefore the aqualte ecosystem wrll not be rmproved untrl the lake water qualtty :
isimproved. ‘

| Accordmg to the result of lhts Study aquatrc ccosystem 13 rrch around Totora '
| bushfbelt and rrcher than m both Puno bxterror Bay and main lake Totora _
bush/belt seems to provrdc an e\rcellent water envrronment for plankton benthos
and ﬁsh Furthcnnorc it provrdes a habital or nestmg place for wild ‘birds,
: Abundance of wild brrcls is also an excellent component of tourlst attractrons N
Therefore the replantmg of Totora wrll recover or enhance the ecologlcal potentral _
" in Puno Interior Bay S ' o
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4) Public Health Condition Improvement

Insufficient waste collection system is main problem of solid waste manageiment
in Puno City, which causes illegally dumping and littered solid ivastes “Removal
of illegally dumped and littered wastes is a direct measure agamst public health
problems caused by littered wastes, but not an essential way. The most essential
and urgent measure should be an increase of waste collection rate. Furthermore
a final dlsposal site should be expanded in parallel with an increase of collection

Tate. IIo_we_ver the existing final disposal site is operated by open-dumping way,
and so duniped wastes ar_e_litter"ed, contaminated water leaches out and flys breed
- around ‘the site. Sanitary landfilt system should be -‘applied to a new final

drsposal site aeeordmg to the gundelme proposed by the Mmlslry of Health,

It is oﬁen seen 1n Puno Cll)' that some citizens use the lakeshore as an open-air
latrine or sewage overﬂows after a heavy rainfall. It must cause bacterial

‘contammatlon in‘the’ littoral -area of Puno Interior Bay To solve this public

health problem the scwerage system should be improved or expanded at the

: _' highest prlortty, and the spread of sanitary toilet" or septtc tank should be

encouraged

pouetibegi e S T

naa:;e._t‘r‘uetu.'-a:'Me'agur'e’s‘ o

o Non structural measures should support or supplement structural measures. A

i p_o:nt-_source pollution loads. - Because livestock farmmg seems (o generate a

~ large scale investment will be necessary for some’ strucfural measures such as

expansron of sewerage systems. To raise the prolect funds it will be necessary

'_:'to ralse the water charge rate " In such cases, cm?en $ understandmg and
consensus for the projects should be formulated through envrromnental education
| or campalgn To reduce the project cost or to make thc prO_]CCt smoothly, it wrll
-~ be necessary to request citizen’s voluntary partrclpalron To execute or manage
_:[:_the prolect eftectively, relevant orgamzatlons or systcms should be cﬂeclwely
: strength_ene_d o_r consolldated - '

g Industrlal wastewater should be controlled by efﬂuent regulauon It is dil’ﬁcult
_to effectwely control non pomt sources ‘with a reasonable cost by structural

measures, and an approprrate land use should be encouraged to m1mmlze non-



o

great deal of non-point source pollution loads, it should be regulated to use the
area close to the lake '

Environmentai Monitoring

Periodical and continuous envitonmental monitoring should be urgently practiced
asa decision-tnakhtg toll, in order to identify the environmental problems and the
measures against the pfoblettls and.to monitor the -expected effects or the
: unexpected |mpacts by the structural measures. Fspeeially, eutrophication is

caused by sensitive aquatlc ecosystcm " Change of nutnent balance may cause

new eutrophlc problems other. than the outbreak of Lemna. ._Monltonng of

2.5

w0

L
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' pollu_tlon,sources will bring ratlonal bases to regulate the effluents.

MANAGEMENT AND Exr—:cu*nou OF THE PLAN

: (WHO WILL BE RESPONSIBLE FOR |MPLEMENTATION OF THE PLAN ?)

Overall Management
State level authonues who is competent to coordmate severa! sectonal
orgamzations to decide on a pohcy, to raise funds to control budget and to

: superwse the whole prOJect

Execution of Subprojects L

Sectorlal orgam?atlons who have expenences ;n each ﬁeld and capacmes to

cxecutc subprolects S

' 'Ci'tiz'e“n's Parti'cipa'ti'on‘ B

- Puno Provmcial Munlcnpahty or rnultl sectorlal orgammtlon(s) who is composcd

of reprcscntatlvcs of the mtcrcsted partles can orgamze res;dent s campalgns for
.‘ cnvironmental |mpr0vcment and can encourage pubhc/pnvate sectors to assnst the
'_'campalgns voluntanly o o
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