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ABSTRACT

The Beech River drainage basin covers 302 square
miles in west Tennessee and empties into Kentucky Lake
at Tennessee River Mile (TRM) 136.0. Beech Reser-
voir, with a shoreline of 22 miles and a pool area of 347
hectares, is one of eight reservoirs located in this drain-
age baSin.

In this study, phytoplankton productivity studies,
phytoplanktOn standing crop and certain chemical an-
alyses indicated that B_eech 1s a more productive reser-
voir. Primary productivity values ranged from 85 mg
C/m*/day in February to 5,563 mg C/m2/day in
September. The 9-month primary productivity mean
was 1,619 mg C/m?/day. Chlorophyll a concentrations
ranged from 14 mg/m? in August to 124 mg/m?2 in
March. Phytoplankton cell counts averaged 6,961,555/1.
The major ionic change was shown when total iron in-
creased in the hypolimnion during April. Iron concen-
trations reached a maximum in August.

INTRODUCTION

The Beech River watershed is located in west Ten-
nessee near Lexington about midway between Nashville
and Memphis (Figure 1). The topography of the water-
shed is gently rolling to hilly, and is dissected by many
small streams which combine to form the Beech River.
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Figure 1. Beech watershed located halfway between Nashville
& Memphis, indicated by star.

The river flows eastward across Henderson and Decatur
counties to join the Tennessee River near Perryville, at
an elevation of approximately 360 feet, at Tennessee
River Mile (TRM) 136.0. The Beech River drainage
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Figure 2. Beech River watershed.

Beech Reservoir (Figures 3 and 4) is the largest of
eight reservoirs in the Beech River Tributary Area De-
velopment watershed project. The reservoir is situated
on unconsolidated sediments of cretaceous age. Most
of the basin is composed of these sediments which ex-
tend from the Mississippi River escarpment on the west
to within 10 miles of the Beech-Tennessee River con-
fluence on the east. These sediments consist of sands,
clays, and marls which erode under the influence of
surface waters and result in soils which are generally

BEECH RIVER
RESERVIOR

; e oo drain-
Fi 3. Location of biological sampling site in fork of
f;iu::nal and stream directly above dam as indicated by star.
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gation. Monthly mean values are not used in this figure.
During February and March 1968, relatively low pro-
ductivity measurements were found throughout the
photic zone. A significant increase in surface produc-
tivity occurred in April and May (77 and 61 mg C/m?/
bour at the surface). Surface productivity rapidly in-
creased from June through October (107, 143, 242,
405, and 422 mg C/m*/hour). However, productivity
at other depths was suppressed during September and
October, especially October when no productivity oc-
curred below 2 meters, The month of greatest produc-

tivity in lower depths (5 m) was August with 17 mg
C/m3/hour,

>

PRODUCTIVITY

—
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fangleys per day. ) )

Water temperature profiles did not indicate stratifi-
cation during February and March; stratification was
first found in April with the thermocline at i
6 m. Thermal stratification prevailed from
through September and ranged from 4 m to 6 m dur-
ing April through August. As the water temperature
slowly begen to cool in September, thermal stratifica-
tion was evident even below 6 m. Surface temperatures
ranged from 3.9° C in February to 2 maximum of 28.4°
C in July and August. The average September surface
temperature was 23.9° C, Temperatures and dissolved
oxygen values were not determined in October.
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Figure 6. Seasonal comparison of the variation with depth of
primary productivity, light temperature, dissolved

Greatest light penetration occurred in February (1
at 6 m). Light penetration ranged from 3 m
from March through August. Rapid reduction
occurred during September and October (0.0
1.8 m and 1.2 m). At these times rapid re-
light was closely related to water turbidity
organic detritus and phytoplankton,

langleys per day of available light was ex-
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oxygen, and total langleys of light available each day—Beech
Reservoir,

Dissolved oxygen values were over 10 mg/ 1 through-
out the profile during February and March, and from
April through July they ranged from 8.8 to 6.7 mg/1
in the epilimnion (except for a drop to 4.6 mg/1 and
5.6 mg/l at 4.57 m in June and July, respectively).
Oxygen throughout the profile was severely depleted in
August with a maximum of 4,7 mg/1 at 0.32 m below
the water surface to 0.9 mg/ 1 at a depth of 3 m. Oxygen

i to about 7.5 mg/1 in the epilimnion in Sep-
tember.
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of planktonic algae are shown in Table 2. This
parameter estimates “standing crop” (stock) rather
mp.-odq:dviy(aw change in stocks). Pigment

determinations express total cell photosynthetic poten-
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Figure 7, Sensonal and daily variation comparison of langleys/hr., and total productivity in MgC/m*/ dny—Beech Reservoir.

The values in Table 2 should not be considered as
100% photosynthetically active cell substances because
values at 5 m (below the cuphotic zone) sometimes
were greater than those in photic zone, These larger
values were obtained from dying and sinking phyto-
plankton—not an uncommon occurrence in small, shal-
low reservoirs where this is little flow.

Total pigment concentration was heaviest throughout
the profile during March. The concentration, 20-28 mg
chlorophyll a/m#, was about twice as great as in allother

months, Total phytoplankton cell concentrations were
similar in February, April, May, September, and Octo~
ber. During July, a notably larger concentration of sing-
ing cells was found at 5 m than in the upper 3 m. De-
composition of the cells was evident as low dissolved
oxygen values were obtained duting Aggun (Figure 6)
when almost anaerobic conditions existed throughout
the water column. An extremely low chlorophyll a
concentration was obtained in August between the sur-
face and a depth of 5 m.
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Fi 8 illustrates the “standing crop™ of phyto-
phnm in terms of actual number of phytoplankton
cells. Cell numbers are reported as the mean'valu:mf:ir
the epilimnetic waters during 1968. The spring -
mum (approximately 12,656,000 cells/1 )_ofﬁlo!al phyto-
plankton cells was reached in May. Similar concen-
trations of total phytoplankton (12,516,000 cells/1)
were measured in September after relatively low summer
concentrations.
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plankton and the major divisions of algae in the epilimnion in
Beech Reservoir during 1968,

R
RS

y of Science

—_—

otal phytoplankton values represent a steady
o oo February through May, 2 decling ooy
July, a slight increase through August, and a fall mqy;_
mum in September with a decline in October. Chloro.
phyta (green algae) and Chrysophyta (diatom) pyp,.
bers followed a pattern similar to total phytoplankiop,
February was the only month in which more diatomg
than green algac were observed. During March and
October about equal concentrations occurred with
slightly fewer diatoms than green algae. Extremely
high Cyanophyta (blue-gl_'een algae) numbers (3,080,
000 cells/1) were noted in August while the reservoir
was nearly anaerobic. The dominant blue-green was
Raphidiopsis. Nitzschia was the dominant diatom i
the spring and Synedra in the fall. Ankistrodesmug and
a biflagellate were the most common green algae with
the genus Ankistrodesmus occurring mostly in the spring
and biflagellates in the late summer and fall. Scenedes.
mus was also prominent throughout the year especially
in the spring. Chlorella represented over 2 million
cells/ 1 in April, May and October.

WATER CHEMISTRY

Table 3 contains the mean values for nitrogen and
phosphorus in the upper 4.57 m and for the remainder
of the water column of Beech Reservoir. Total nitrogen
(organic, ammonia, nitrite, and nitrate) values in the
upper 4.57 m ranged from 0.61 mg/1 in May to 0.99

TABLE 1L Beech Reservoir—Nitrogen and Phosphorus Concentrations Using Depths Sampled To Obtain Mean Values—

1968
th Organic Bitrogen Asmonia Hitrite Hitrate
l-q,l:l e ¥E3y-§ BOz-¥ BOy-B Total Kitrogeo :roi O,
18 Meters oz/1 ag/l —=e/t _=x/1 e/t eg/l el
Mean Values

February 28, 1968

Upper 4.57 Meters 0.30, 1.52, 3.05, 4.57 0.60 0.12 <0.01% 0.06 0.78 0.02 0,02

Belov 4.57 Heters ~ bottow  6.10, 7.62, 9.16 0.58 0.06 <0.01* 0,05 0.69 0.02  0.04
March 27, 1968

Upper ‘.!1 Heters 0.30, 1.52, 3.05, 4.57 0.72 0.20 0.01 0.02 0.95 0.10 0.22

Below 4.57 Meters « bottom  6.10, 7.62, 8.53 0.63 0.03 0.01 0.02 0.69 0.03  0.09
Aprtl 26, 1968

Opper 4.57 Neters 0.30, 1.52, 3.0, 4.57 0.67 0.02 <0,01% 0.03 0.72 0.06 0,11

Below 4.57 Meters - bottos  6.10, 7,62 0.81 0.32 <0.01% <0.01% 113 0.07  0.28
Hay 21, 1968

Dpper 4,57 Meters 0.30, 1,52, 3.05, 4.57 0.56 0.05 <0.01# <0.01% 0.61 0.05 0.1l

Belov 4.57 Meters - bottom 6.10, 7,62, 8.84 0.69 0.53 0,02 <0.01* 1.24 0.07 0.15
June 19, 1968

m‘b.ﬂ Meters 0.30, 1.52, 3.05, 4.57 0.52 0.19 0.01 0.09 0.81 0.05 0.10

Below 4.57 Meters - bottow  6.10, 7.62 0.53 0.12 0.02 <0.01% 0.67 0.04  0.12
July 18, 1968

Opper 4,57 Keters 0.30, 1.52, 3.05, 4.57 0.718 0.09 <0.01% 0.01 0.88 02 0.0

Below 4.57 Heters - bottom  6.10, 7.62 0.64 0.25 <0.01% 0.03 0.92 <0.01*  0.07
August 14, 1968

Upper 4.57 Meters 0.30, 3.05, 4.57 0.59 0.03 <0.01% 0.02 0.66 0.02 0.1

Below 4.57 Meters « bottom 6,10, 7,92 1.15 2.95 0.02 0.01 413 0.02 0.2

11, 1968

"g:t.:.ﬂ'lhm- 0.30, 3,05, 4,57 0.65 0.04 <0.01* <0.01% 0.70 0.04 0.08

Belov .57 Keters - bottoa 6,10, 7,32 0.88 1.29 0.01 <0.01% 2.68 0.03 0.1
October 9, 1968

Upper 6.57 Meters 0.30, 1.52, 3.05, 4.57 0.80 [RY] 0.0 0.01 0,99 0.06 0.1l

Selov 4.57 Keters - bottom 6,10 1.3 0.16 <0.01¢ <0.01* 1.17 0.0} 0.13
Upper 4.57 Meters (Februsry-October) 0.6% 0.10 <0.01+ 0.03 0.78 0,03 0.10
Upper 4.37 Meters - bottem (Februsry-Gatober) 0.80 0.69 <€0.01+ 0.0L 1.48 0.04 0.16

#0081 is conaidered 44 0.00 wg/l,
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. October. The mean total nitrogen content from

to October 1968 was 0.78 mg/1. The highest
value recorded in the epilimnion during
t period was 1.21 mg/1 at 0.30 m below the
this su;ﬁfyace on June 19. Samples on this date and at
il also had the highest nitrate value (0.28
this depth 27 g the entire period over 87% of the
mg/ l)iwgen in the epilimnion was a combination of

ic nitrogen and ammonia,

L | nitrogen below 4.57 m ranged from 0.67 mg/1
. 'lj‘otae to 4.13 mg/1 in August, and the average total
i 20 was 7.48 mg/1 from February through October.
mm)genia concentrations were extremely high in the
Ammﬁ‘:ater mass in August and September (2.95 mg/1
loweli 79 mg/ 1, respectively). Organic nitrogen values
and 4lso high during these two months (1.15 mg/1
we;eo 88 mg/1. On August 14, at depth of 7.92 m
2’"20 1';13/ 1 ammonia was recorded which was the high-
,;t value of the sampling period. A value of 3.50 mg/1
at 7.32 m was also recorded in September. )

The highest average total pbosphatc value in the
u 4.57 m was 0.22 mg/1 in March and the lowest
concentration was 0.02 mg/1 in February. The average
phosphate concentration during the sampling period

was 0.10 mg/1. The highest soluble phosphate value.

.10 mg/1) also occurred in March. Phosphate b_elo
iod::gth if 4.57 m had a 9-month mean slightly higher
than in the upper 4.57 m of water (0.14 mg/1). A
mean of 0.29 mg/1 of total phosphate in tl!e area be-
low 4.57 m was recorded in August for the highest con-
centration during this study. High total ph'osphate
concentrations were also recorded during April (0.28
mg/1). ) .

Monthly values of chemical analyses other than

nitrogen and phosphorus are shown in Table 4, Beech
R&"WWa“Tiﬁwﬁ,ulhownbythelowvaluu for
total alkalinity and hardness. Total inity ranged
from 12 mg/1 in the upper 4.57 m in February to
20 mg/1 in June. Below 4.57 m, the range was from 12
mg/1 in February to 66 mg/1 in August. Nine-month
averages were 15.4 mg/1 in the upper meters and 27.4
mg/1 in the lower meters. The highest total hardness
(21 mg/' 1) and highest caleium concentrations (4.9 mg/1
Catt) in the upper 4.57 m were recorded on July 18.
Total hardness and Ca++ values below 4.57 were high
for the reservoir during August (36.0 mg/1 CaCOjy and
11.0 mg/1 Cat+). Mg++ ions were scarce,

Sodium and potassium were present in relatively low
concentrations, The chloride anion averaged 3.1 mg/1
in the upper 4.57 m and 3.4 mg/1 below 4.57 m. Sul-
fate and silica averaged 3.0 mg/1 8O,~~ and 1.4 mg/1
SiO; in the top 4.57 m of water and 2.4 mg/1 SO,——
and 1.8 mg/1 SiO, below 4.57 m. The average pH
was 7.0 for the upper 4.57 m and 6.8 below 4.57 m.
The lowest pH (6.2) recorded was at 7.62 m in July and
at 7.32 m in September. Lower pH values were found
during periods of strong stratification and anaerobic
conditions. The highest pH (7.6) was recorded at the
surface on March 27.

On April 24, total iron increased rapidly to 2,000
ug/1 at 8.84 m near the bottom with a mean of 1,165
ug/1 below 4.57 m. Total iron in the hypolimnion in-
creased from 283 ug/1 in March to 1,165 ug/1 in April
and continued throughout the studies. The higher con-
centrations gradually rose toward the upper limit of the
hypolimnion (approximately 4.57 m from the surface).
On August 14, the maximum total iron concentration
(15,000 ug/1) was measured at a depth of 7.92 m; on

TABLE IV. Beech Reservoir—Chemical Concentrations Other Than Nitrogen and Phosphorus Using Depths Sampled To

Obtain Mean Values—1968
1 !
Depths Specific .um:-m fariacss  ca® W™ Tt Teet
Sempled Conductance Cacoy €acoy Diss  Diss  Ma 3 0} na cL” 504 Siop
1o Mecers Werosho/cm ae 23°¢C  _sa/l s/l e/l s/l s/l s/l e/l et/ s/l s/l wid @
Heas Values

Tebruscy 28, 1968 1 W N 0 1 28 68
Tppar 437 Heters 0.30, 1.52, 3.05, 4.3 5 Ity 10 W18 Le L 413 e

o Below &.37 Heters - batton 6,10, 7,62, 9,14 0 1 H N0 LS Ls L1 38 B0 10 &) 24 48

7, 19 :

Heaper 4.8 mecers 0.30, 1.2, 3,05, 4.5 as 1 ’ -
Belov 4.37 Heters - bottom  6.10, 7.62, 8.5 “ 13 s 1o KRN
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the same date, at 6.10, 1,700 vg/1 was recorded. A
decrease in iron (12,200 ug/1) was observed at the
reservoir bottom in September and the decrease con-
tinued through October (2,400 ug/1). Manganese con-
centrations followed a similar pattern.

DISCUSSIONS

Monthly fluctuations of total primary productivity
per square meter in the photic zone were pronounced.
was an increase each month from February
through September (Figure 5). The rate of increase
was rapid as is expected for a small, shallow reservoir.
A large portion of the nutrients was tied up in dissolved
and particulate fractions as shown in Table 4 where
organic nitrogen and ammonia were more excessive
than nitrates. Apparently nutrients were never the
limiting factor for phytoplankton productivity in Beech.
High phosphate and nitrogen values occurred from
lfebru?ry through October. There is no simple rela-
tionship between the amounts of nutrients and phyto-
Planklon‘ growth or maturing processes because many
other minor clements and environmental factors are
involved.
Penetration of incident light was limited by turbid
waters from April through August (Figure 6). This
turbidity was not due to surface runoff but to a heavy
thtoplanklcn’ population. In February and March, the
ight penetration was limited by seasonally reduced
sunlight. The severe limitation of light penetration in
l’,‘l’lﬂ'ﬂber and October was caused by low seasonal
ight energy supplied (Figure 7) and also the heavy
phytoplankton population. Light penetration had to be
a limiting factor since availability of light was low and
nutrients were present in high concentrations.
m;l"l"u depletion of hypolimnetic oxygen was evident
April through September. Figure 8 shows the times
and amounts of heaviest incidences of phytoplankton,
e arbon produced by the phytoplankton settles
o hypolimnion. Phytoplankton decomposition adds
to 1] :"5:!!! m occ:’ning below the thermocline,
n of oxygen depletion that oc-
curs when a heavy phytoplankton crop settles in deep,
ratified storage reservoirs such as Douglas and Cheso.

was simila
February throwgh October. Lowest ehlorophyl) r,"'::

sontrations were found during June, July, and August,

as were the lowest total numbers of cel|s. Feb,
March also had low concentrations of cells Tuary ang
in March were higher than those of July i)u COungg
those of June or August. The larger chy 0r0p}t, 255 thyy
for February, March, April, May, Septe 3{: Valygg
October were contributed by diatoms rather th T, ang
algae. Diatom cells were, in general, much | an greg,
the green algal cells (linear measurement: o & than
Ankistrodesmus, 2-4 microns; diatoms, Ni.or. dgae,
microns; Synedra, 8-10 microns). Fro;n ]u;-?chra,
August diatom cell counts were °dmparare thl’OUgh
The large chlorophyll a values at § as“'ely low,
Table 2, were attributed to sinking phy‘:)pla *;:'Own in
had not had time to decompose, iis theu ton thy,
thetic potential could not be realized, Photosyp,
In open water systems, such as riv. .
Tennessee River reservoirs, diatoms ir:e a;gr;“:‘l’n stream
the dominant algae throughout the year. There ;;":‘::I
Valley o,

dency in closed systems in the Tennesse
Chlorophyta (green algac) to be the domiy. )
after an early spring peak of diatoms, Wh Algae

Y en T
not the dominant summer algae, th 1 Breens are
o » they ar
Environmental and water che; sl numerous,

mist
important in considering the types orfy alf;acem;‘mz:
Cyanophyta (blue-green) scems to follow the
productl_vny pattern as green algae in the Tenn“m
Valley in the open, closed, and semi-closed syumee
Blue-gr'eens are seldom the dominant group unlmﬂ:;:'
water is extremely rich, The highest blue-green ¢o, N
3,‘080,000 cells/ | obtained during August, was unusu:';lt'
high for a “clean-water’ reservoir, Although ﬂz

Cyanophyta behave ecologically much like

cytologically they are closer tg the bnctcri:m:eJ:c.I:s:'
1967). Heavy blue-green algal populations are not |uit:
able food for zooplankton and fish, and they may p o-
duce external metabolites that adversely affect the up-
per levels of food chains. It is believed that blue-greens

do not have as much photosynthetic ability as distoms or

green algae. Low oxygen values throughout the water
cqlumn in August helped create favongll:'l?s media con-
ditions for blwm algal growth and unfavorable con-
dmom‘ for diatom and green algal growth, Oxygen
values increased at the surface from 4.7 mg/ | in August
fo ‘{,0 mg/1 in September and the blue-green bloom
dmg‘?ghcd rapidly due to mixing,
¥ groups of algae were sparse in Beech Reservoir,
Pz‘;rwhyta. golden tan algae, were present in February;
and By, 4, represented by primitive colorless,
flagellated algae, were present in samples during Febru.
ary, March, August, and October. Both groups werr
mm:t 'only in trace amounts and are not shown in
The total iron increase arising from the sediments by
" changes in the hypolimnion can be correlated with
mm-‘znbn of fastors, Ferric and ferrous iron are ionic
' feaction goes both ways quite readily; there-
or;, ferric and ferrous forms were not tabulated as
such in Table 4, As onygen in the hypolimnion became
depleted in April, the ferric form was reduced 1o fer-
rous iron which disolved. The concentrations present
are on the original chemical nature of the

also
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or and reactions in the hypolimnion. The reactions
wat jated to & number of chemical factors, such as low-
ﬁ"e‘;'{ higher silica values, higher conductivity, high-
er glk;liﬂiw’ higher manganese values, and lower dis-
I ed oxygen values. The oxygen reduction alone was
solv:h ¢ result of higher total iron values but contributed
pol ¢ fon increase. OXygen in the hypolimnion became
to leted largely through organic decomposition. This
dep! mposition formed other organic compounds that
deu:,—ibuted to the reduction of the ferric iron. The
c;on1 iron content in the upper water was relatively low
tota ¢ during September and October when a signifi-
eXC:Pincrem was observed in the upper 4.57 m. In
”nm high iron concentrations became noticeable
G,gou'ghout the lower 4.57 m. High concentrations were
Jso obscrved throughout the lake in October. The
;!irst high concentration in April (2,000 pg/1) was only
observed at a depth of 7.62 m. Thereafter, noticeably
higher values were observed farther from the bottom
put still in the anaerobic zone. The maximum concen-
tration for the 1968 survey was 15,000 pg/1 at 7.92 m
on August 14. High concentrations have been previously
rted for Beech. On August 16, 1966, at the same
sampling site, 27,000 ug/1 Fe was measured at a depth

.84 m.

o fncrenses in iron of this magnitude in the hypolim-
nion are not uncommon in other parts of the world. In
certain small, shallow reservoirs the chemical nature of
the water in the hypolimnion allows the iron concen-
tration to become high as a function of oxygen content
and redox potential. Usually in small, shallow lakes
with a markedly clinograde oxygen curve, an inverse re-
fationship between iron and oxygen is well developed
(Hutchinson, 1957). Some acid bog surface water has
been known to have up to 50,000 xg/1 total iron (Us-
penski, 1927). Hutchinson et al. (1932) have reported
18,600 4g/1 of total iron in surface waters. Thus the
reported surface values for iron in Beech Reservoir are
not unusually high. Evidently the iron present in Beech
Reservoir was originally derived from surrounding sedi-
ments, Samples from Beech River Mile 37.5 and Black
Bottom Creek Mile 0.5, where stratification did not oc-
cur, had no high iron values.

According to Reid (1961), one of the forms of iron
which appears to be most readily available to phyto-
plankton is ferric hydroxide [Fe(OHs)!. Ferric hydrox-
ide becomes available to phytoplankton in Beech when
the iron is transferred to the epilimnion from the hypo-
limnion during the fall overturn.

SUMMARY

A biological study of primary productivity and the
factors which innmuudy it :rﬂn conducted on Beech Res-
ervoir from February through October 1968, This small.
more productive lake has a shoreline of 22 miles, a pool
atea of 347 hectares, and a mean depth of & m al the
sampling site. The reservoir has limited light penetra-
tion due largely 1o phytoplankton turbidity.
statification oceurs af 4 to 7 m from Apiil throy
September, Primary productivity is mainly limited to £
phytoplankion,

e 111

Cu :

Chioro “]"“:‘ used to measure primary  productivity.
wei Phyll @ and phytoplankton enumerations were
used to assess phytoplankton standing crop at monthly
intervals in the center depression of the reservoir, 30
}{ardn above the dam. Measurements of available I;ght,
ight penetration, water temperature, dissolved oxygen,
PH, alkalinity, and certain ionic components were made
1 conjunction with the productivity studies.

. nimary productivity values plotted as mg C/m?*/day
mdlcate'a'seasonal fluctuation. Beginning in early spring,
productivity increased successively month by month to
an autumn maximum before a rapid decline to low
values in winter months, Seasonal fluctuation of pri-
mary productivity correlated better with light and tem-
perature fluctuations than with nutrients (nitrogen and
phosphorus).

The mean monthly primary productivity ranged from
§5 mg C/m*/ day in February to 5,563 mg C/m*/day
in September with a 9-month means of 1,619 mg
C/m"/day. Chlorophyll a concentrations ranged from
14 mg/m" in August to 124 mg/m’ in March; whereas
cell counts averaged 6,961,555/1 and ranged from
1,843,000/1 in February to 12,656,000/ | in May.

The major ionic change was in total iron which in-
creased rapidly in the hypolimnion in April, slowly
rising through the water column until August when ex-
tremely high concentrations were observed throughout
the lower water profile, In August, altered water quali-
ty, resulting primarily from this phenomenon, may have
contributed to a blue-green algal bloom that was termi-
nated by the change in water chemistry as the water
was mixed in September.
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