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Abstract

This presentation provides an update to earlier work on geologic influences on water quality in Malibu Creek, one of California's saltiest
creeks. Recent large-scale surveys of aquatic life and water quality in California and southern California streams in both natural and urban
settings have enabled quantitative estimates of the relative influence of geologically-relevant factors on both stream chemistry and aquatic life
in Malibu Creek. These estimates include not only general parameters such as overall salt levels (i.e. spec. conductance), but also estimates of
the impact on aquatic life of specific major ions such as sulfate, phosphate, and nitrate. These factors and their impacts vary seasonally in
Malibu Creek, as the watershed transitions each year from rain and surficial runoff dominated flows in winter (SC ~ 1,500 uS/cm) to
groundwater-dominated flows (SC ~ 2,500 - 3000 uS/cm) from late spring through fall, timing that coincides with optimal physical factors (i.e.
rising temperatures and insolation) for algal species adapted to or tolerant of the creek's unusually brackish water and sulfate levels (SO42- >
500 mg/L), especially the green alga Cladophora glomerata and halophilic and eutrophilic diatoms. These geologically mediated water quality
impacts also directly affect the creek's aquatic animal life, favoring benthic macroinvertebrate species tolerant of geologically-mediated water
quality (i.e. high conductivity), and indirect impacts from algal-driven and changes in physical habitat. Different geologies (i.e. Conejo
volcanics vs biogenic marine shales and siltstones vs non-marine sedimentary exposures) dominate different tributary streams to Malibu Creek,
providing a natural laboratory for separating the effects and relative influences of different geologies on the creek’s water chemistry and aquatic
life. In comparison to other California streams, Malibu Creek is best characterized as an outlier with respect to the magnitude of its geological
impacts on water quality and the extent (taxonomically) of these impacts on its aquatic life.
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Elements enriched in Monterey Fm
rock
(Issacs & Rullkotter, 2001)
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Fig. 2. Composition of unoxidized silts/sands vs oxidized rock in

freshly exposed Monterey Formation rock (ppm)

Note 10x-100x differences in sulfur, calcium, sulfate, Cd, alkalinity, Co, Se, chloride, nitrate, TOC, Zn,

Fl, Tin, Va, Bo, Th
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3" WATTS 709 DOUBLE CHECK
BACKFLOW DEVICE

Backflow protection for local wells
superimposed on local geolbgy
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“The Extraction of
Hidden Waters”

(Imbat Al-Miyah Al-Khafiyya)
Karaji, M. 1000.

Translation by Nadji, M. and R. Voigt (2008),
Exploration for Hidden Water by Mohammad
Karaji—The Oldest Textbook on Hydrology?
Groundwater, 10: 43-48.
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Diatoms in Malibu Creek

e 91 species identified by M. Potapova (PANS)
from slides prepared by ABC Labs from 7 sites

* Two new species, one fairly common in the
creek (Fallacia sp. nov.).

» 72 species (80%) have water quality
preference data in NAWQA database
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Achnanthidium pyrenaicum (Hustedt) Kobayasii
Epithemia turgida (Ehrenberg) Kilitzing

Nitzschia bacillum Hustedt

Gomphonema mexicanum Grunow in Van Heurck
Geissleria decussis (Hustedt) Lange-Bertalot et Metzeltin
Encyonema silesiacum (Bleisch) Mann

Pseudostaurosira brevistriata (Grunow in Van Heurch) Williams & Round
Parlibellus protracta (Grunow) Witkowski, Lange-Bertalot et Metzeltin
Navicula minima Grunow

Fragilaria vaucheriae (Kiitzing) Petersen

Gomphonema truncatum Ehrenberg

Diadesmis confervacea Kiitzing

Gyrosigma acuminatum (Kiitzing) Rabenhorst

Synedra ulna (Nitzsch) Ehrenberg

Planothidium lanceolatum (Brébisson ex Kiitzing) Lange-Bertalot
Gomphonema clavatum Ehrenberg

Melosira varians Agardh

Staurosira construens (Ehrenberg) Williams & Round
Achnanthidium minutissimum (Kiitzing) Czarnecki
Nitzschia linearis (Agardh ex W. Smith) W. Smith
Nitzschia fonticola Grunow

Ctenophora pulchella (Ralfs ex Kiitzing) Williams & Round
Nitzschia amphibia Grunow

Gomphonema parvulum (Kiitzing) Kiitzing

Navicula salinarum Grunow

Navicula germainii Wallace

Hippodonta capitata (Ehrenberg) Lange-Bertalot, Metzeltin & Witkowski
Sellaphora pupula (Kiitzing) Meresckowsky

Navicula libonensis Schoeman

Navicula cryptotenella Lange-Bertalot

Cocconeis placentula Ehrenberg

Navicula gregaria Donkin

Epithemia sorex Kiitzing

Hippodonta hungarica (Grunow) Lange-Bertalot, Metzeltin & Witkowski
Navicula subminuscula Manguin

Navicula tripunctata (O. F. Miller) Bory

Nitzschia palea (Kiitzing) W. Smith

Nitzschia dissipata (Kiitzing) Grunow

Navicula ingenua Hustedt

Cocconeis pediculus Ehrenberg

Amphora pediculus (Kiitzing) Grunow

Bacillaria paradoxa Gmelin

Navicula reichardtiana Lange-Bertalot

Surirella minuta Brébisson

Amphora copulata (Kiitzing) Schoeman & Archibald
Navicula caterva Hohn & Hellerman

Navicula tenelloides Hustedt

Nitzschia dubia W. Smith

Amphora ovalis (Kiitzing) Kiitzing

Staurosira construens var. venter (Ehrenberg) Hamilton
Fallacia pygmaea (Kiltzing) Stickle et Mann

Nitzschia frustulum (Kiitzing) Grunow

Cymatopleura solea (Brébisson) Smith

Nitzschia inconspicua Grunow

Nitzschia capitellata Hustedt

Tabularia fasciculata (Agardh) Williams and Round
Nitzschia microcephala Grunow

Amphora veneta Kiitzing

Planothidium delicatulum (Kiitzing) Round et Buktiyarova
Nitzschia filiformis (W. Smith) Van Heurck

Navicula erifuga Lange-Bertalot

Tryblionella levidensis W. Smith

Navicula recens Lange-Bertalot

Synedra acus Kiitzing

Tryblionella apiculata Gregory

Pleurosira laevis (Ehrenberg) Compére

Navicula veneta Kiitzing

Nitzschia liebethruthii Rabenhorst

Nitzschia communis Rabenhorst

Fallacia cryptolyra (Brockmann) Stickle & Mann
Achnanthes acares Hohn & Hellerman

Achnanthes cf. daui CLASON Foged

Achnanthes cf. engelbrechtii Cholnoky

Achnanthes cf. grana ROBERTS Hohn & Hellermann
Achnanthes cf. grischuna CLASON Wiithrich

Achnanthes conspicua Mayer

Achnanthes curtissima Carter

Achnanthes exigua var. elliptica Hustedt

Achnanthes gracillima Hustedt

Achnanthes lanceolata cf. var. capitata REIMER Miiller

Occurrenc Conductivity optima and tolerance limits, ms/cm

Anion optima and tolerance limits (mea/L)

Optimum  Low High MgHigh S04 High HCO3 + CCHCO3 +CC HCO3 + CC Cl Optimur CI Low
526 211 97 456.00 1.36 0.58 1.42 0.56 3.63 0.12 0.04
127 227 101 508.00 1.95 0.70 191 0.87 4.16 0.10 0.03
4 176 87  355.00 1.05 0.72 1.93 132 2.82 036 011
35 338 147 778.00 1.69 091 2.07 092 4.63 043 0.10
654 220 83 583.00 1.45 1.01 1.29 0.46 3.61 028 008
564 197 83 468.00 117 1.05 123 0.47 3.24 0.13 0.02
398 250 105 597.00 175 1.07 156 063 3.85 023 0.05
38 235 102 541.00 1.44 113 1.56 0.70 344 027 0.06
1672 319 140 729.00 1.85 117 171 0.63 4.62 0.35 0.10
1201 209 79 555.00 133 1.26 1.07 0.37 3.13 0.18 0.03
122 333 142 783.00 2.10 130 1.89 0.65 550 042 0.10
324 318 132 769.00 161 134 1.46 0.50 431 061 0.18
215 390 200 762.00 248 1.35 2.36 1.02 5.45 0.42 0.18
1311 252 102 627.00 1.64 1.36 1.44 0.51 4.02 0.28 0.06
1330 286 114 719.00 173 137 152 059 3.92 030 007
23 388 185  813.00 2.33 139 2.53 1.22 5.26 024 003
1203 309 138 690.00 1.85 1.41 1.66 0.67 4.16 03 011
344 312 134 728.00 2.07 1.47 1.99 0.87 4.53 0.26 0.05
2019 229 81  652.00 163 151 131 043 3.98 020 004
464 398 186  853.00 2.60 154 242 1.04 560 045 0.13
472 316 137 72600 201 157 2.06 095 4.45 0.45 0.11
66 342 163 716.00 139 1.58 0.86 0.27 2.74 0.67 0.18
1456 400 201 794.00 2.01 1.60 2.26 1.06 480 051 0.15
1898 284 101 794.00 1.81 163 133 0.40 4.48 039 0.10
51 527 203 114600  3.18 165 2.25 088 5.74 132 0.44
975 339 149 769.00 201 1.67 1.80 0.71 4.55 0.50 0.15
709 366 147 908.00 2.33 171 177 063 4.97 051 013
1064 342 143 820.00 1.80 179 174 064 472 0.42 0.11
16 537 336 859.00  2.86 182 232 095 5.62 038 011
1620 371 168 [rom e & & & el
418 436 205
1344 392 169
205 266 116
143 301 97
678 495 253
1039 453 249
1522 398 170
1324 361 152
61 508 218 1
969 422 223
1626 470 242
263 378 149
764 442 225
661 462 209 1
582 416 188
110 525 292
366 457 187 1
30 553 225 1
163 398 177
617 300 109
533 469 228
1153 413 177
144 482 274
1374 407 167
397 489 205 1164.00 233 2.62 1.99 0.77 5.18 0.55 0.15
109 719 181 285800 331 2.67 1.80 0.69 472 1.29 0.26
168 526 249 1112.00 2.38 2.82 2.58 117 5.68 078 022
180 515 246 1079.00  2.26 2.88 2.90 153 5.48 0.89 024
159 427 184 991.00 218 2.96 1.99 0.98 4.06 0.52 0.14
163 436 120 1581.00 2.57 2.97 1.20 045 323 08 015
625 613 298 1262.00 2.96 324 2.92 1.63 536 066 021
125 541 268 109100  2.28 3.41 2.89 1.45 575 0.92 028
319 614 345 1091.00 2.69 3.49 3.05 179 5.21 1.06 0.35
137 346 125 955.00 2.54 3.49 1.60 0.57 4.51 0.30 0.07
325 695 384 1259.00 351 4.07 3.55 197 640 081 025
a4 573 292 112200 257 421 2.70 1.45 5.05 108 020
442 625 304 1285.00 3.22 5.04 2.95 161 5.42 0.48 0.13
66 653 282 1510.00 2.67 533 213 1.07 4.26 0.73 0.23
13 541 189 154500 3.3 7.26 230 112 472 070 016
1 773 490 1219.00 256 805 2.96 173 5.09 0.7 055
10 153 69 341.00 0.83 0.31 0.53 0.13 212 0.20 0.09
5 320 178 575.00 0.69 0.58 1.55 0.63 3.85 0.90 0.58
7 276 171 445.00 0.89 0.96 119 057 2.49 070 045
13 115 55 242.00 051 0.48 0.65 029 1.42 0.11 0.02
20 308 114 834.00 1.36 2.55 1.89 0.82 4.35 0.26 0.05
44 424 200 895.00 2.87 1.36 3.18 1.59 6.34 0.79 0.25
5 366 229 585.00 094 099 2.25 134 3.80 0.82 0.42
26 359 207 622.00 1.19 157 167 0.90 3.10 078 034
10 64 17 234.00 0.38 0.59 0.16 0.07 0.37 0.01 0.00
4 119 117 122.00 0.22 0.09 0.55 0.39 0.78 0.22 0.18

Cl High
0.37
0.38
119
1.80
1.02
0.72
1.09
116
1.27
0.96
185
2.05
1.00
127
128
1.69
1.22
132
0.98
163
1.89
2.41
175
153
4.00
1.67
2.00
165
139

1.97
6.50
2.81
3.30
1.91
4.24
2.12
3.08
3.18
134
2.59
5.86
179
2.29
3.19
1.36
0.46
1.38
1.08
0.45
1.32
2.51
1.58
1.79
0.03
0.27

0.17
0.16
0.11
0.21
0.23
0.26
0.24
0.29
0.31
0.28
0.35
0.33
0.45
0.30
0.32
0.32
0.36
0.35
0.31
0.47
0.44
0.53
0.45
0.34
0.68
0.42
0.42
0.42
0.32

0.63
0.60
0.88
0.79
0.71
0.57
0.96
1.03
1.21
0.57
115
0.80
1.08
1.01
118
2.92
0.05
0.37
0.46
0.11
0.45
0.59
0.18
0.54
0.18
0.08

0.05
0.04
0.02
0.05
0.05
0.06
0.06
0.08
0.08
0.06
0.09
0.08
0.15
0.07
0.08
0.08
0.09
0.08
0.06
0.14
0.12
0.18
0.12
0.07
0.28
0.11
0.10
0.10
0.06

0.15
0.13
0.28
0.22
0.17
0.11
0.27
0.31
0.42
0.09
0.32
0.15
0.23
0.19
0.19
1.06
0.01
0.24
0.23
0.03
0.08
0.25
0.03
0.19
0.06
0.08

0.58
0.70
0.72
0.91
1.01
1.05
1.07
113
117
1.26
1.30
1.34
135
1.36
137
139
141
1.47
1.51
1.54
1.57
1.58
1.60
1.63
1.65
1.67
171
179
1.82

2.62
2.67
2.82
2.88
2.96
2.97
3.24
3.41
3.49
3.49
4.07
4.21
5.04
5.33
7.26
8.05
0.31
0.58
0.96
0.48
2.55
1.36
0.99
1.57
0.59
0.09

Cation optima and tolerance limits (mea/L)
504 Optim SO4 Low  SO4 High Ca Optimu Ca Low

111
1.33
1.72
1.24
1.06
1.05
1.19
1.22
1.44
0.97
1.63
1.29
1.85
1.26
1.27
1.96
1.40
1.52
1.22
1.87
1.66
118
1.87
121
1.90
1.50
1.53
1.52
1.84

1.87
1.69
2.24
2.39
1.80
1.26
2.55
2.44
2.80
1.56
3.05
2.28
2.70
2.28
2.12
2.55
0.53
1.68
1.23
0.53
1.60
2.52
2.21
1.77
021
0.71

0.47
0.59
1.08
0.49
0.37
0.41
0.53
0.57
0.55
0.34
0.62
0.48
0.84
0.48
0.49
0.97
0.58
0.69
0.42
0.77
0.79
0.53
0.89
0.40
0.80
0.57
0.59
0.58
0.97

0.78
0.69
112
1.16
0.86
0.48
1.39
1.16
1.62
0.52
171
132
1.36
113
0.87
1.62
0.14
0.76
0.65
0.25
0.58
141
1.24
0.95
0.08
0.65

Ca High
2.65
3.01
275
312
3.07
2.67
269
261
3.74
2.74
4.28
3.46
4.07
331
333
3.95
337
3.36
361
4557
3.49
2.62
3.94
371
453
3.91
3.96
3.98
3.48

4.51
4.15
4.49
4.95
3.80
3.28
4.73
5.15
4.83
4.69
5.46
3.95
5.35
4.61
5.15
4,03
2.02
3.72
2.33
111
4.47
4.52
3.94
3.32
0.54
0.77

Mg OptimiMg Low Mg High

0.48
0.59
033
0.65
0.46
0.42
0.66
058
0.64
0.44
071
056
1.02
055
0.60
0.90
0.70
0.80
051
0.99
0.80
057
0.81
055
1.16
071
0.77
0.65
073

0.87
117
117
0.98
0.90
0.69
138
0.95
1.19
0.75
1.60
1.50
1.24
0.81
116
1.40
0.29
0.44
0.51
0.23
0.46
1.39
0.41
0.59
0.10
0.18

0.17
0.18
0.11
0.25
0.14
0.15
0.25
0.23
0.22
0.15
0.24
0.20
0.42
0.19
0.21
0.35
0.26
0.31
0.16
0.37
0.32
0.24
0.33
0.17
0.43
0.25
0.25
0.23
0.19

0.33
0.41
0.57
0.43
0.37
0.19
0.67
0.40
0.53
0.22
0.73
0.87
0.48
0.24
0.39
0.77
0.10
0.28
0.29
0.11
0.15
0.67
0.17
0.29
0.03
0.14

136
1.95
1.05
1.69
145
117
175
1.44
1.85
133
2.10
1.61
2.48
1.64
173
233
1.85
2.07
1.63
2.60
2.01
1.39
2.01
1.81
3.18
2.01
233
1.80
2.86

233
331
2.38
226
218
2.57
2.96
228
2.69
2.54
3.51
2.57
3.22
2.67
3.43
2.56
0.83
0.69
0.89
0.51
1.36
2.87
0.94
1.19
0.38
0.22

Na Optimt Na Low

0.16
0.18
0.38
0.72
0.38
0.29
0.41
0.47
0.44
0.35
0.52
0.76
0.58
0.42
0.47
0.49
0.49
0.48
0.32
0.61
0.64
0.70
0.69
0.53
1.24
0.67
0.65
0.64
0.57

0.80
1.47
1.26
1.47
0.90
119
115
1.47
1.53
0.57
1.30
1.40
1.04
121
175
2.95
0.18
0.75
0.73
0.26
0.67
0.68
0.70
0.82
0.03
0.16

0.05
0.05
0.12
0.19
0.12
0.09
0.12
0.16
0.14
0.10
0.16
0.24
0.25
0.13
0.15
0.13
0.17
0.13
0.09
0.22
0.18
0.22
0.22
0.15
0.43
0.22
0.19
0.19
0.12

0.25
0.37
0.45
0.48
0.29
0.25
0.41
0.45
0.56
0.14
0.42
0.42
0.27
0.31
0.38
1.58
0.08
0.49
0.49
0.11
0.20
0.22
0.35
0.37
0.01
0.15

Na High
0.48
0.70
122
2.70
1.26
1.01
1.49
1.38
1.40
118
170
2.44
133
1.42
1.45
1.85
1.47
1.84
1.20
172
224
222
216
1.92
3.56
2.01
219
2.09
271

National Water Quality Assessment Database
(NAWQA)

Potapova, M. and D.F. Charles, 2007. Diatom metrics
for monitoring eutrophication in rivers of the United
States. Ecological Indicators, 7: 48-70

2.52
5.86
3.54
4.49
2.78
5.73
3.24
4.81
4.21
2.40
4.01
4.63
3.99
4.78
8.09
5.50
0.38
115
1.08
0.62
2.25
214
138
1.81
0.10
0.17

K Optimun K Low

0.03
0.04
0.02
0.09
0.05
0.03
0.05
0.05
0.06
0.04
0.05
0.08
0.07
0.05
0.05
0.05
0.06
0.05
0.04
0.06
0.06
0.06

0.08
0.09
0.09
0.11
0.10
0.09
0.10
0.10
0.09
0.06
0.08
0.11
0.10
0.11
0.13
0.27
0.03
0.09
0.08
0.05
0.06
0.06
0.06
0.11
0.01
0.05

0.02
0.02
0.00
0.03
0.03
0.01
0.02
0.02
0.03
0.02
0.02
0.03
0.04
0.02
0.02
0.02
0.03
0.02
0.02
0.03
0.02
0.03
0.03
0.03
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.04
0.03
0.03
0.03
0.02
0.03
0.03
0.04
0.03
0.04
0.03
0.03
0.04
0.03
0.03
0.02
0.04
0.03
0.03
0.03
0.04
0.03
0.05
0.05
0.04
0.03
0.05
0.05
0.05
0.03
0.04
0.06
0.04
0.04
0.04
0.15
0.01
0.06
0.06
0.03
0.03
0.03
0.01
0.06
0.01
0.05

K High
0.07
0.10
0.09
024
0.11
0.08
0.11
0.11
0.12
0.10
0.13
0.20
013
0.11
0.13
0.11
0.12
0.15
0.09
0.12
0.15
0.13
0.16
0.14
0.14
0.13
0.15
0.15
0.12
0.12
0.12
0.14
0.14
0.17
0.19
0.12
0.17
0.12
0.21
0.13
0.13
0.18
0.11
0.14
0.15
015
0.15
0.15
0.15
0.20
0.18
0.16
0.16
0.17
0.16
023
0.19
022
0.25
0.26
021
0.20
0.18
0.12
0.16
023
0.24
0.27
0.40
0.49
0.12
0.15
0.12
0.08
0.16
0.14
0.27
0.20
0.03
0.05




Sulfate vs electrical conductance maxima for 682 U. S. diatom species
(NAWOQA dataset)
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Malibu Creek's diatom community nicely reflects the direct linkage
between the creek’s high electrical conductance and sulfate (S0,%)

- PNAS dataset
+ Malibu Creek

—
—
S~
o
(78]
£
—
o
E
x
o
£
Q
e
po
=
v

I I - I I ]
500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
electrical conductance maxima




Malibu Creek's diatom community nicely reflects the direct linkage

Malibu Creek's diatom community nicely reflects the direct linkage
between the creek's high electrical conductance and sodium ions (Na*)

between the creek's high electrical conductance and potassium ions (K*)

- PNAS dataset - PNAS dataset

weossas ~ ¢ Malibu Creek + Malibu Creek

diatoms

o = o
IS n =)

Sodium maxima (mEq/L)
<
w

potassium maxima (mEq/L)

o
(N

o
o

1,000 1,500 2,000 2,500 3,000 1,000 1,500 2,000 2,500

3,000 3,500
electrical conductance maxima

electrical conductance maxima

Malibu Creek's diatom community nicely reflects the direct linkage

Malibu Creek's diatom community nicely reflects the direct linkage
between the creek's high electrical conductance and sulfate (S0,2)

between the creek’s high electrical conductance and magnesium ions
(Mg*)

- PNAS dataset

- PNAS dataset

+ Malibu Creek
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Motility: non motile
Attachment: prostrate (e. g

Habitat: benthic

Colony: colonies common

http://westerndiatoms.colorado.edu/taxa/species/pleurosira_laevis


http://westerndiatoms.colorado.edu/images/species_lm_images/pleurosira_laevis_001.jpg



http://westerndiatoms.colorado.edu/images/species_lm_images/pleurosira_laevis_001.jpg

Chain of causality — Classic eutrophication

Enrichment by
biostimulatory
substances

(phosphorus,
nitrogen, iron)

Excessive
algal
growth

Impacts on water
guality (pH, low
night-time
dissolved
oxygen)

Impacts on other
aquatic life
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Fig. 2. Composition of unoxidized silts/sands vs oxidized rock in

freshly exposed Monterey Formation rock (ppm)

Note 10x-100x differences in sulfur, calcium, sulfate, Cd, alkalinity, Co, Se, chloride, nitrate, TOC, Zn,
Fl, Tin, Va, Bo, Th
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Detecting, Monitoring and
Managing Enrichment of Streams

Biggs (2000) warns of natural eutrophication associated with
nutrient-enriched marine Tertiary siltstones and andesitic volcanic
rock 5 times in his seminal work on periphyton algae control.

Prepared for
Ministsy for the Eavironment

by Barry | F Biggs,
NWA, Christchurch, lune 2000

¢ . . Figure 20:  Proliferations of Cladophora in the Waipara River, North Canterbury
situations. For example, people might want to have a particular section of a stream managed 1993; Quinn et al, 1997a). However, it also needs to be clearly understood that a large downstream ofseepage zones draining Tertiary marine sediments.

for recreational fishing, and for this to happen, it might be necessary to eliminate blooms of degree of natural enrichment occurs through leachate from nutrient-ric ks such as
filamentous algae during summer. However, if the catchment includes a significant proportion andestic volcanics, Tertiary marine mudstones/sandstone, and limestone (Close and Davies-
of Tertiary marine siltstones which are rich in nutrients, this would be readily detected in Colley, 1990; Biggs and Gerbeaux, 1993; Biggs, 1995). Indeed only small amounts of these
the habitat classification. It would then be clear that filamentous algal growths are a natural rock types in a catchment can cause proliferations during low flows (Figure 20). Enriching

product of the catchment conditions and clearly impossible to control.

waters (eg, Upper Waikato River). Cladophora glomerata is one of the most common taxa in

the world and is usually associated with eutrophic streams (Dodds and Gudder, 1992). It is Francoeur, unpublished data). It is clear that moderate concentrations of phosphorus

also the most likely taxon toform proliferations and degrade habitats. However, Cladophora | ©ccur naturally in many of our streams as a result of leaching of nutrient-rich rocks such as
tends to require warm waters (ie, >15°C) and high calcium concentrations to proliferateso | recent volcanics and marine Tertiary mudstones and sandstones (Biggs, 1990a, 1995;
is most common in enriched North Island streams draining limestone and marine Tertiary | Close and Davies-Colley, 1990).

siltstone/mudstone catchments. In cooler South Island enriched streams, these communities

tend to be replaced Microspora, Oedogonium and Vaucheria.



Why Tertiary marine siltstone in the Malibu Creek
watershed is so important for understanding its eutrophic

waters (eg, Upper Waikato River). Cladophora glomerata is one of the most common taxa in
the world and is usually associated with eutrophic streams (Dodds and Gudder, 1992). It s
also the most likely taxon to form proliferations and degrade habitats. However, Cladophora
tends to require warm waters (ie, >15°C) and high calcium concentrations to proliferate so
is most common in enriched North Island streams draining limestone and marine Tertiary
siltstone/mudstone catchments. In cooler South Island enriched streams, these communities

tend to be replaced Microspora, Oedogonium and Vaucheria.

. . [ :  Proliferations of Cladophora in the Waipara River, North Canterbury
situations. For example, people might want to have a particular section of a stream managed 1993; Quinn et al, 1997a). However, it also needs to be clearly understood that a large downstream ofseepage zones draining Tertiary marine sediments.

for recreational fishing, and for this to happen, it might be necessary to eliminate blooms of degree of natural entichment occurs through leachate from nutrient-rich rocks such as
filamentous algae during summer. However, if the catchment includes a significant proportion andestic volcanics, Tertiary marine mudstones/sandstone, and limestone (Close and Davies-
of Tertiary marine siltstones which are rich in nutrients, this would be readily detected in Colley, 1990; Biggs and Gerbeaux, 1993; Biggs, 1995). Indeed only small amounts of these
the habitat classification. It would then be clear that filamentous algal growths are a natural rock types in a catchment can cause proliferations during low flows (Figure 20). Enriching
product of the catchment conditions and clearly impossible to control.

waters (eg, Upper Waikato River). Cladophora glomerata is one of the most common taxa in

el e e R e D e (Gl I Tk Francoeur, unpublished data). It is clear that moderate concentrations of phosphorus ‘
also the most likely taxon toform proliferations and degrade habitats. However, Cladophora | ©ccur naturally in many of our streams as a result of leaching of nutrient-rich rocks such as
tends to require warm waters (ie, >15°C) and high calcium concentrations to proliferateso | recent volcanics and marine Tertiary mudstones and sandstones (Biggs, 1990a, 1995; 'S
is most common in enriched North Island streams draining limestone and marine Tertiary | Close and Davies-Colley, 1990).

siltstone/mudstone catchments. In cooler South Island enriched streams, these communities

tend to be replaced Microspora, Oedogonium and Vaucheria.




Elements enriched in Monterey Fm
rock
(Issacs & Rullkotter, 2001)

« Sulfate
 Chloride
 Phosphate
« Nitrogen
« Arsenic

« Boron
 Selenium
e Sodium
 Vanadium
« Silver

Calcium
Chromium
Cadmium
Aluminum
Nickel

lron
Copper
Magnesium
Lead
Uranium
Zinc



Fig. 3. Trace metal composition (ppm by weight) in MF rock from
Malibu Creek watershed (dots) vs Santa Barbara County (lines) from
Lion’s Head & Naples Reef (from Pipers and Isaacs, 2001)
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Barium
Vanadium
Zinc
Nickel
Copper
Bromide
Molybdenum
Selenium
Cadmium
Arsenic
Cobalt
Thallium
Beryllium

Chromium

Dark lines = min. & max values for MF rock from S. Barbara Co., CA. Light grey lines =
individual samples from same. Superimposed points = Local MF rock ( A= Chalky white
nodules; e= surface block w/white precipitate; m = siltstone; ¢ = diatomaceous silt/sand)




“Yolatile organic compounds

All of the data shown hereare
from Station RSVWHMCDDLU,
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Semi-volatile organic compounds

Metals and Organic Compounds
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Constituent Average Metals in Malibu
concentration (ppb) Creek ranked by

Zinc(Zn) 19.9 concentration
Selenium(Se) 8.5 (L.A. County gaging
Copper (Cu) 7.0 station)
Nickel(Ni) 7.0
Arsenic (As-Ill) 2.0 —— Red = fish tissue
levels exceed human
Chromium-Iil (Cr-Ill) 15 consumption
standards.
Lead 0.8
——
Antimony (Sb) 0.6
Thallium(Ti) 0.4
Cadmium (Cd) 0.3 | e
Silver(Ag) 0.3 EAT AT YOUR OWN

Mercury 0.1 RISK
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Geology, Water Quality and Aquatic
Life in Malibu Creek: An Unusually

Severe Example of Geologic Impacts

* Brackish “24/7”
Legally undrinkable
Too salty for most
freshwater diatoms
Warm + salt + eutrophic
= Cladophora heaven
Don’t eat the fish

 Salts (sulfate,
magnesium, chloride,
calcium, sodium,

bicarbonate)
e Algal nutrients (P, N, Fe)
* Metals
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