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Reference #30
//T//W
Nivo g May 14. 2001
AN : E/ R P.0. Box 6

LA ? Bayside, California 35524

Ta California Pegional Water Quality Control Board
in regards to 303 {d) Lizting for Jacoby Creek

Dear Board lleubers and Staff,

I have lived in the Jaccby Creek watershed for 16 years. not
long by nld-tinerz' ztendaxds, but leng enough to love Lhig place
and to becone tamiliar with its stories. I have seen degradation of
Jacoby Creek in theae yearz myself, and past accounts of the
watershed 1llustrate how impaired this creek has becone over the
decades.

I have sean an incresse in both private/residential and
logging roads, on increase in logging intensity and new homes, and
decreased vegetative cover in many areas, all adding up to more
presaures on the watershed and on water quality.

Jacoby Creek watershed is part of the Eureka Plain Hydrologic
Muit. Umdsr the Basin Plan. the beneficial uses of water and wmtoer
muality objectives are not being met. Historical and current land
panogenent praclives ure adversely impacting uses/values such as
agricultural irrigation, douzestic water supplies, salmonid fizheries
habitat, rare and endangered species hubilul wud viability,
shellfish production, and estuary habitat quality, dug to
sedinentation and increased flooding. Biological and propetly
values are being significantly diminished in the watershed as a
result of increased sediment loading and resulting sedimentation.

Jacoby Creek is an integrel part of the Humboldt Bay
ecoaysten. The wetland at the mouth ot thé creek represents one of
the tew remnants of salt marsh habitat remaining in the kay, and is
one of five wnita in the Humboldt Bay National Wildlite ketuge.
Huuboldt Bay at Jacoby Creek has suffered a loss of wetlands and
estusries from sedimentation, and reduced fisherizs (Tuttle, 19i4b).
The two other large tributaries to Humboldt Bay, Freshwater Creek
snd Elk River, avre listed as 303{d) impaired. we urge y3u to
include Jacoby Creek as well.

lany studiss and research have been done in the watershed,
wost of which are either included herein or referenced. hach of
the included literature provides an excellent overview of the
watershed and of impacts, e.g. Vunner 1980, 19383, 1993 Tuttle,
1965: Francis, 1999. Also included in this petition are
residents’ view of the watershed and its status, either as letters
or on the accompanying videotape. A comparison of 1388, 1994 amd
20NN merirl photos (available on request) alsc reflect some of the
changes and increased activity in the watershed.

Tt uapd tn he that a storn of 1 inch of rain in the Jacoby
“resk valley (perhaps 2 inches at the ridges) was not a big event
for the arerk  Surch A swall awount of rainfall now frequently
cauzea the creek to flood. such 35 at the bridge at Old Arcata Road
{documented in rthe widen and residents' accounts). Jacoby Creek and
itz tributaries frequently run thick and brown with sediment.  The
arcoupanying phntaos, videntape and awl reaidenfta’ arcmnts attest to
increased flooding and sedimentation in the watershed.
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Although wany in lowsr Jacoby Creek obtain their water from
the Mad River via the City of Arcata, both sgricultural and domesti¢
witer ave 3till drawm cut of the creek. Robert Wunnex's 1996 "Long
Tern Improvement of the Jacoby Creek Watershed” identifies 26 watsr
wntakes in upper Jacoby Creek. some intakes may serve nutiple
~ households. Als30, many fanilies get their weter from tributaries.
Sedimentation and innreased flooding diminishes these beneficial
uzes. A farmer below the 0ld Arcata Road bridge pointed out 9
inches of zediment snrrmunding his well, and five feet of sediment
1n hig well: Rex Dixon's letter docunents problems with his
fanily's well at high water.

Jacoby Creek Road runs close to the creek--scmetimes within
twenty feat--for about three miles heyond the South Quarry Road fotk
until it terminates at Barhum Timbar's quarry. Culvert failures,
which often deliver sediment to the creerk. are common along the
road.  Humboldi County recently replaced a failed culvert near
Jacoby Creek Rood mile 1.5. On Jacoby Creek Road. where a culvert
was replaced several years ago, ona can still see loads of zediment
in the area that arc poised to enter the creek. Erish Srhimps’
letter, attached, atteats to his efforts to atabilize some of this
sedlugent.

Foads are widely recognized as potential contributors of
gediwent to a watershed dus to road feilurez ani erosion.
Calculations by Doug Smith (included eslectronically) from California
Depar luent of Forsstry, Coast Cascade, GIS, identify a total of
31xty~-two miles of rosds in the Jacoby Creek watershed, meny of
thoze close to slreawma; this docs not include all seasonal roads,

Jacoby Creek has heen blessed with coastal cutthroat and
steelhead trout, chinook sl coho salwen; nwuerouo papers with
fisheries information are included for your review. People tell
stories of fish 30 thick tlul you could “walk acroso the creek on
their backs”. The Arcata Union (12 January 1869) reported “Salmon
in great humbers have been rinding llwir way from the bay into
Jacoby Creek for s week or more past. The fish are in search of
their spawning grounds, and are being captuced Ly the boatload near
the mouth of the creek". Yet Terry Roelofs. Humboldt State
University fisharies professor, hiked several niles vl Jacoby Creek
in January 1987 snd saw not one coho (personal communication) .

Higgins, et al, Humboldt Chapter of the American Flsheries
Society, 1992, identifiss Humboldt Bay tributaries' fall race of
chinook zaluon as at high risk of extinction, and ¢oho as a stock of
concern. As you are well aware, coho are listed under the
Endangered Speciea Act. It 13 our belief that sediment lmpacts ure
reducing habitat qualities for coho and other salmonids in Jacoby
Creek. .

Sigler, et al (1984), concludes that “as little as 26 ntu's of
turbidity caused a reduction in fish growth". The Saimon Forever
aediiment monitoring data shows that 26 ntu's of turbidity is often
exceeded, even at relatively low flows. We believe that when Jacoby
Creek turbidity is compared to severity indexes for impacts on
zaluonids, it paints a picture of impairment.

VA have provided Pillsbury's thesis. 1372, which measured
turbidity in Jecoby Creek old growth, which might help establisn
zana hackground levels.



The 1978-79 total ocdiment sediment readings hy Tom Lisle of
Pedwood Sciences Lab and the 1983-2001 cross aection surveys at
Brookwood Bridyme conmpiled by Andrec Lehrs, Bumboldt 3State Thiversity
Jeology professor, are included Professor Lehre has been taking
classes to Jacoby Creek asince 1982, ond has seen signifiecant and
subatsntial changes. His 19%2-2001 surveys of cross sections shove,
under and downstreawm ui the bridge show L to 1.6 feet of
aggradation, mostly since 1995 (personal communicetion and attached
data). It is interesting tLu nute the corresponding increase in
tinbex harvest plan acresje during this time frame.

lMany people are concerned Llm! we have not yct seen all of
the possible sediment effects from the recent dramatic increase in
THP acreage (Smith's silvicultural summaries). duc to light rainfall
vinters. Ziemer, et al (1991). reports that sxcess sediment is
orten stored in tributaries, resulting in a time lag between the
erosinon event and the tvansport of that naterial to the main
charnel.

The attached geomorphological map showz the instability of
nuch of the Jacoby Creek vatetshed. Almost 24% is uvunsidered
gqeoclogically unstable, 14% is considered earthflow--partially
destablized, saturated soils that could contiuously move seasonxlly,
and 7% of the watershed is at over 66X grade--steep, unstable slopes
that have experienced repeated slides (Jacoby Creek Land Trust
Strategy. 1939).

Such geclogical instability, eapecially coupled with
increasing land use activities and roads, has resulted in
sedimentation and adverse impacts to Jacoby Creek, and creates the
potential far wore l{any people in the area are familiar with an
earthflow below the Plunkett Road subdivision, and the infamous
"Blue Slide" further upvalley. a considerable acurce of zediment
into fhe creek and site of restoration and stablization eftorts
(letters from Erich Schimp and Robert Wunner, and Wunner‘s 1980,
"853 and '96 reports).

The increased intensity of timber harvesting in the Jacoby
Creek watershed, especially the associated roads and tractor yarding
a3 reflected in the attached ailvicultural area summary statistics
ond maps), are of great concern to many residents. The
sedinentation that may result from such activities continues to be a
threst to the water and salmenid hsbitet quality of the creek.

According to tha silvicultural sumnArries. twenty-six percent
of Jacoby Creek watershed was under timber harvest between 1986 and
2000. Reeves, Evorest and Sedell (1993} repnrt a diverse assemblage
nf salwonids in waterszheds with less than 25% timber harvesting, and
3 munutypic populetion whers more than 28X is nrut. Protecting and
restoring habitat to ensure diversity of salmon populationg is
critivel for a healthy functioning watershed.

In 1393 Humboldt County Superior Court found that the
Califyrnia Department of Forestry had not required adequate
ssse33nent of potential adverse cuwulative inpacts of THP#01-91-065
HU in conjunction with other past. preszent snd foreseeable land use
sctivities. Are the cumulative impacts being thoroughly assessed
and wiligated on other timber harvest plsms? If not. how canld this
adversely afrect the beneficial uses of water in Jacoby Creek due to
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posaible resnlts anch as erosion and aedicentation, especially in
compbination with other land uzes?

We are very concerned about the herbicides thnt are frequently
applied after clearcutting, Just a few weeks ago, while driving oh
2 county toad, T cane across an ackive heorbicide 2pray operation in
a clearcut near the headwaters of Jacoby Creek. It was easy to see
that the espplication was rathcr haphazerd, evidenced by the bright
purple dye in spotradic patches and on slash piles. I was very
concerned for the health and saftety of my three year-old son whu was
with ne {and of the workersj), as both zides of ths road vere
saturatcd, with some overspray on the road. The dy=d herbicvide biad
3loshed into the back of the workers' truck. with some leaking out
of the truck bed. ¥ith such sloppy appllialiun, usually unseen Dy
the public or agencies, I believe the chemicals could easily get
into our streams, with pulenlialigdrastic results.

Atrazine, one of the herbifides cormonly used on irdustrial
forestlands, iy luxiv Lo aquatic invertebrates and salmonids, able
to travel through soil and enter groundwater, 1s carcinegenic, and
has 8 rtelalively long halr-life. Considering the potential effects
on domestic, agricultural aml biological velues, herbicide use
slisuld be considered a8 an adverse chemical impact. A mep of
herbicide use in the watershed and possible impacts are avsilable on
request (coupiled by Calitornians {or Alternatives to Toxics). The
use of herbicides at the Baywood Golf Course may also adversely
affect the creek’'s water quality (Wunner, 1996).

Developuent in the watershed is an issue in regards to
impaired beneficial uses and sedimentation. For sxaaple, five of 13
aubwateraheds are zoned at development densities which upon full
build-out at the levels of the 1932 Jacoby Creek Land Use Plan are
expected to causs wetland sedimentation to accelerate beyond that
experienced historically (many sources, e.g. Tuttle, 1985).

Ongoing interest and concern with Jacoby Creek is evidenced
by efforts such as & new statff plate installed at Brookwcod Bridge
tor monitoring by Jacoby Creek School students. Professor Lehre'sa
recent crosg section resurveying, and the installation of a hew
gauging station by Redwond Sciences Lab in the uppar watershed st an
old U3G5 site.

Pleaae list Jacoby Creek as impaired tn help us safeguard and
restore the water quality and beneficial uses of our creek.

Thank vou very much for your rnnsidaration of this petition.

Sincerely.
St S Y s
Elizabeth Finger
Jacoby Creek Protection Association

Please call me at (707) 826~0128 ([June 7-37. 2001 at (801)
293-3666] or write 137 Nature Lane, Arcata 35621 for questions about
this petitinn.  We did not include copies of all of the '
zources/publications cited; they are available on request.
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Contents:

Data--(Items A-C inciuded as hard copy and electronically)
A) Jacoby Creek Salmon Forever Citizen Turbidity and TSS Monitoring with
SOP for HY ’99 and 2001
B) Jacoby Creek Cross-Sections Brookwood Reach 1983-1986, 1992, 1995, 1997
& 2001 by Andre Lehre
C) Jacoby Creek Suspended Sediment Data 1978-1979 at Brookwood Bridge
by Tom Lisle

Jacoby Creek Silvicultural Summary 1988-2000 by Doug Smith

Jacoby Creek Residents’ Accounts of the Watershed, written and on videotape

Photos of Floods and Sedimentation

Maps of: Geomorphic Features Related to Landsliding in Jacoby Creek Watershed and
Riparian Buffer Zones and Topography in Jacoby Creek Watershed and Vicinity

Copies of relevant Literature and Documents - i~ oghs e~ Loldey

List of Literature and other information Resources
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T 1 | | Jacoby Creek at Oid Arcata Road Bridge (OAR) Jacoby Creek at Old Arcata Road Bridge (OAR)
1 | [ i | Old Arcata Rood (F3K300) PM 7.49 Bridge # 4C-0162 Old Arcata Road (F3K300) PM 7.49 Bridge # 4C-0182
compied oy Nats tomba and Clark Fenton Humboldt County, Cafifotnia | | ] | Humboidt County, CaBfomia
Checkec By C. Fenion T pydilogic Yerm1 | | i Hydrologic Year 01
Grab ing: Turbidity / iment Data - provisi Grab Sompling: Turbidity / Data - provisional raw sioge 1s deptn of o |
Satmon Forever / Sunny Broe Sediment Lab Satmon Forever / Sunny Brae Sediment Lab JFocing ogect i
tags is measured down from deck upsteam a: cenier?
Sign in Potosneg) ocatior] Dete Time | Somples | Juridiy| Jut. [Conicinef Juroidity |Turbigity | Turbidity | Tum [Taie BothalTotol Borg Volume/ | Filier | Firer }lnwial Fier [Final Fitter | Sediment | Lab Tubidihv  Row Siage  Drscnargq Vel Si| Vel | Vet |Comments
page ¥ # ampled Samoledbompled By FIU _ JCod Type [Daterun | Time run By SN Weignig | Weight g | Botlle Wt.| Totat | ID Weight g | Weght g Wi, Code FTU toge CFS hioxlo} dist | sec.
2 OAR [ 11/17/98] 9:56 | S.Funcke | 122 | 0 | 26 J.Fincke | 9614 ] 12
2 12 | OAR | 11/21/98] 7:50 | J.Frncke | 846 | 0 |Hoch Cell 11/21/98 JFincke | 9614 180 355 175 11 1] 205 | 031748 | 012792 ] 001044 | O sk Bas Fa0) 113 “om bottom of brage™ J
7 OAR [11721/98] 040 | S Ken 359 | 0 |Haon Cell 11722/98 S Keti | 9614 359 104 Tigh nae | ] |
10 OAR | 11723798} 11:156] JNosl | 188 | 0 | OIS | 11/2598] 1520 | J.Noel | 9614 183 Al sta." fine sand botiom of OIS Botie”
10 OAR | 11/24/08] 13:16 | JNoet | 186 | 0 |HachCell 11724/98] 2145 | J.Noed | 9614 8¢ |28" aeptn 7] 28 / 47 (1) (1) *unaer broge”
10 24| OAR | 11726/98] 1145 | JNoal | 305 | © | Ot | 02r27/99| 1514 | J.Nost | 9614 | 3763 7316 3553 | 12 ] 414 | _6.114% | 0.27162 | 0.15672 | O 305 ) (1) *every 5'tor 70
24 3763 | 7316 3553 | 22 ] 415 | 011645 | 016037 | 00432 | O
24 Total |
1 OAR | 11/20/98] 1028 | J_Frincke | 467 | 0 |Hacn Cell 11727/98 J. Fincke | 9614 | 18.0 35.3 173 | 1 1] 434 | 011266 | 0.12168 | 000902 | O 467 an21.0° 15 | 3.01 [(1) 3.01-297 -3 47 sec.
297 i
341 i i
12 26 | OAR | 11/30/98] 809 | J.Fancke | 171 | 0 |Hach Cell 11/30/98 J.Fincke| 9614 | 179 317 138 | 11 ] 453 | 012334 | 0.12766 | 000432 | 0O 71 dn 50 (1) 3¢ | 868 ](1) token off udge” |
To 3t | OAR [ 12/13/98] 2101 S nnoet | 191 | 0 | Ofs | 12/13/98] 21:36 3700 | 798.7 4287 | 12 | 560 | 012615 | 0.18088 | 006373 | 0 W [an2@mp| dnso 831 |mp = crest stage goge ansim RL
3 3700 | 7987 4287 | 22| 56l | 012709 | 020180 | 007471 | 0 791 I
3 Total |
21 38 | OAR |11/30/98] 1603 | . Frncke | 129 | 0 | PB2x6 | 01/17/99| 1131 |J. Fancke| 9614 | 244 2356 204 [ V1 711 | 011372 | 015005 | 003633 | @ 29 dn s’ 15 1379 1
27 46| OAR | 1/14/99] 1900 | B.Russel | 3 0 |glassjor | 01/22/99] 17:27 | S.Kett | 9614 ] 2366 | 3483 V17 [ v [ 687 | o34 [ 011502 | 000153 | o 3 [ nio n/a |
27 46| OAR | 1115/9] 10:30 | B.Russell | 73 0 |glossjor | 01/22/99] 17:30 | S.Kett | 9614 | 4738 | 9929 5191 | V1| 888 | 011471 | 015001 | 003530 | 0 73 | @5 3¢' |10.00 |
27 46| OAR | 1/19/99| 9:30 | B.Russel | 34 0 [glassjor | 01/22/99] 17:37 | s.Kert | 9614 | 2384 | 4199 1815 | V1] 889 | 011259 | 012154 | 0008% | 0 34 R nja I
27 46| OAR | 1/21/99] 17:00 | B.Russell | 33 0 |glassjor [ 01/22/99] 1741 | S.Kett | 9614 | 2835 | 6158 3323 | 111 890 | 011511 | 012435 | 000924 | 0 33 [ 7a 36" | 800 ]
a 59 | OAR | 2/6/99 | 1030 | B.Russel | 143 | 0 |glassjor | 02/21/99| 1422 | S Kett | 9614 | 2459 | 6623 3164 | 12| 1221 010971 | 021455 | 010484 | 0 143 /o 36 | 8ap
59 2459 | 5623 3164 | 22 | 1222] 010747 | 012748 | 00200 | O
Total
24 50 | OAR | 2/7/9% | 1745 | B Russel | 142 | 0 | glassjor | 02/21/99] 14:33 | S.Kett | 9614 | 2785 | 5739 2954 | 11| 1226 | 010690 | 015628 | 004936 | © 7 36" | 8.60
26 55 | OAR | 2/18/99 | 1100 | B Russell | 93¢ | 0 |glassjor| 02/25/99] 1510 | S.Kett | 9614 | 2565 | 5736 3181 | 12| 1153 | 010187 | 013929 | 003742 | © 8.50
55 } 2555 | 5736 3181 |22 nsa] 010720 [olias | 000722 | ©
4 56 | OAR | 2/24/99 | 1745 | B.Russell | 267 | 0 | glossjor | 02/25/99] 1522 | S.Keti | 9614 | 1656 | 410.1 2445 | 11| 1218] 010687 | 01182 | 001130 | 0 | z5e | 367 54" 1058

OAR %

Poge 1



| 1 I 1 [ ] [ I ] > r
Jacoby Creek at Old Arcata Road Bridge (OAR) depth of fio is measured at bridge rail
Compiled by Eric Nyman and Clark Fenton | Humboldt County, California [ T } Bridge width 36" \
Checked By C. Fenton | i | Hydrologic Year 01 \ | \ i |
| Grab Sampling: Turbidity / Suspended Sediment Data - provisional top of rail to creek bed 160" 1-11-01
NS=Not Stated Salmon Forever / Sunny Brae Sediment Lab Raw stage is measured as inches down from e-side/ upstream top of br. Rail / black tape mark - top rail
Stage is measured as depth of fio
Sign in Patasheey Somple | Location] Dote Time Sampled | Turbidity | Tur. fContaineq Turbidity | Turbidity | Turbidity | TUM Row Stage jDischarge] Vel. Str. Vel. Vel. | Comments
page # # D# Sampled | Sampled | Sampled By FTu Codel| Type |Daterun] Timerun By S/N Jstage - incheginches CFS hiorlo | dist. Ft. | sec.
20 01GR0400| OAR 112/ 9:55 B.Thompsor] 104 0 |Hach Cell| 1/27/01 16:56  |C. Fenton| 22441 148 12" 10 3.30 |E-side measure stage - clear
3.15
3.28
20 01GRO40?|  OAR 1/24/01 9:55 B.Thompsor] 265 0 |Hach Cell 1/27/01 17:24  |C. Fenton| 22441 14" 10 259 llight rain
2.77
277
21 01GRO411 OAR 1/25/01 11:20  B. Thompsor] 56 0 [Hach Cell 1/27/01 17:37 |C. Fenton] 22441 17" 10 251 light rain
2.60
260
2] 01GR475 OAR 1/25/01 14:40 B. Thompsor,  300+- 0 [HachCell 1/27/01 18:12 |C. Fenton| 22441 17.5" 10 2.30 lraining - lo cell vol,
2.19
2.07
51 CIGRO267| OAR 2/19/01 7:35 B .Thompsorj 10.3 0 [Hach Cell 2/22/01 20:25 CF/EN | 22423 13" 10 17.53
17.68
18.01
58 QIGR0283| OAR 2/21/01 10:50 B. Russell 31 0 [|HochCell 3/1/01 10:30 DVD 146" Br. Width| 9.00 |Sunny - storm passed a few hrs ago
9.10
9.10
52 01GRO577| OAR 2/21/01 11:30  B.Thompsor] 103 0 |Hach Cell| 2/22/01 21:04 CF/EN | 22423 18.5" 10 1.54 |organics
1.57
1.52
52 01GRO581|  OAR 2/22/01 9:20  B.Thompsor] 125 0 |Hoch Cell|l 2/22/01 21:08 CF/EN | 22423 a" 10 1.53 |di
1.43
172
52 01GR 0580 OAR 2/22/01 7.05 B Thompser] 1o vol. 44.5 10 1.72 |light rain
1.59
1.65
52 01GR0O584 OAR 2/22/01 10:10 B. Thompsor 100 0 |Hach Cell| 2/22/01 21:16 CF/EN | 22423 40°di 10 1.68 |overcast
1.77
1.20
58 01GR0O291 OAR 2/23/01 10:30 B. Russell 67.4 0 [HachCelll 3/2/0% 10:33 DVD 9614 122" Br. Width] 6.20 |peak sfage 1 hour ago
7.80 |
6.80 |
94 01GR 0595 OAR 4/6/01 16:00 B.Thompsor] 251 0 [|Hach Celll 4/13/01 23:05 |{C.Fenton| 9614 146" 14" 10 1.92 lwater 14" deep - rising limb - raining
204 \ i
194 | l




! l T I [
| f Jacoby Creek - Brookwood Bridge (BW)
| Brookwood Drive (4K250) PM 0.12 Bridge # 4C-0124
Compiked by Nate tomba and Clark Fenton Humboldt County, Calltomia | |
Checked By C. Fenton Hydrologic Year 99 | | |
Grab Turbidity / Data - p Floating object vel. Is measured ot upstream or dn stream of bridge RR
Salmon Forever / Sunny Brae Sediment Lab Stage Is measured Os inches on crest stoge gage/ metal pipe RR
Crap samples are taken RR from bank of USGS statf goge Stage Is measured as ft above sea level fom USGS staff gage RR
Sign in [Datashee] Loccﬂor" Date Time I Sampied ] Turbidity | Twr. Containe] Turbidity | Turbidity | Turbidity | Tare Bortie] Total Bottle | Volume/ | Filer |Fiter | Inlticl Aiter | Anal Filter {Sediment Stoge ischar, Vel. vel.  |[Comments
page#] & [sampied sampled Jsompled 8y U fcoge] Tpe | Doterun {Tmerun| By  Weigntg | weight g JBottie Wt.] total | 0 | weighi g { weigntg] Wt CFs | ast. | sec.
4 BW 11/21/98 | 07.25 J. Frincke 712 0 Hach Cell 11/21/98 J. Fincke 18.2 353 17.1 1Y 208 01542 0.13047 | 0.01505 15 241
| |
\ {
1 BW 11/26/98 | 1015 J. fincke 4313 0 |Grab 2x6} 11/27/98 J. Frincke danoan 25 400 (1) 4.0-3.53-3.67-3.69 sec.
3.53
3.67
3.69
12 P BW 11/30/98 | 08:00 J. Frincke 249 0 Hach Cell 11/30/98 J. Frincke 179 358 179 1.1 | 452 | 0.12234 0.12794 0.0056 o] 31z% |dn 121" () 25 7.72 (1) "aken off bridge”
21 38 BW 11/30/98 | 1553 | J. Fincke 115 0 PB 2x6 | O1/17/9% 11:33 | J. Fincke 243 248.1 223.8 11 [712] 011616 0.1502¢6 0.0341 0 dn 121 25 7.46
24 39 BW | 01/17/99 1 15113 | J. Fincke 2.7 0 Hach Cell 01/19/99 15:36 | J. Frincke 8.2 36.4 18.2 11 {752 001382 01137 Q.00018 0 am 25 2113 |{1) “taken off guage”
25 43 Bw | 01/13/99 | 17:36 [B. Thompson 3.86 0 Hach Celf 01/20/99 1522 | J. Frincke 179 374 195 1.1 /806 | 001269 011232 | -0.00037 1 n/a n/a
25 43 BW 01/14/99 | 22:00 |B. Thompsony 445 0 Hach Cell 01/20/99 15:24 | J. Frincke 18.2 368 176 1.1 1807} 01145 0.11491 0.00035 0 55 25 27.93
25 43 BW 01/15/99 | 22:00 |B. Thompson 54,5 0 Hach Cell 01/20/99 15:26 | J. Frincke 18 324 144 11 |8® 0.1142 011447 | 0.00027 o] 0 25 11.00
25 43 BW | 01/16/99 | 05:30 [B. Thompson 61.2 0 Hach Cell 01/20/99 15:27 | J. frincke 18.1 33.1 150 11 (8141 011314 | 011357 | 0.00043 0 \lss 25 9.24
25 43 BW | 01/19/99 [ 15:15 8. Thompson s 0 Hach Cell 01/20/9%9 15:28 | J. Fincke 18.2 314 13.2 11 [818] 011244 | 011298 | 0.00054 0 13" n/a
25 43 BW | 01/20/99 | 06:30 |B. Thompsony 383 0 Hach Cel| 01/20/99 15:29 | J. Fincke 18 354 174 11 /822} 011541 011499 | -0.00042 1 " 25 7.00
44 51 BW 01/22/99 | 10:00 |B. Thompsonl 25 0 Hoch Cell 02/21/99 1404 | J. Fincke 18 351 171 1.1 [1010] 030791 0.10806 | 0.00015 Q m 15 13.00 [() 1" below lowest mark
44 51 BW 01/22/99 | 23:30 |B. Thompson 190 0 Hoch Cell 02/21/99 14:06 | J. Fiincke 18 327 14.7 1.1 ]1012] 0.10865 0.11206 | 0.00341 0 19 15 4.00
44 51 BW 01/22/99 | 07:30 |B. Thompson 137 0 Hach Cell 02/21/9%9 14:08 | J. Fincke 17.8 34 16.2 1.1 (1013} 0.10748 0.10946 | 0.00198 Q 18" 15 450
44 51 BW | 01/24/99 | 06:30 [B. Thompson 467 0 Hach Cell 02/21/99 1414 | J. Frincke 179 35.1 172 1.1 |1014| 0.10634 0.10705 | 0.00071 [¢] ] 13" 15 7.00
a4 51 BW | 01/31/99 | 06:30 {B. Thompsony 128 0  Hach Cell 02/21/99 14:16 | J. Fincke 18 352 172 1 1 [1015] 0.10764 010764 a 0 3 11.5" 18 9.50
44 8w 02/06/99 [ 06:00 {B. Thompson 143 0 joch Cell { 02/21/99 14:19  {J, Frincke ns 15 19.00 (1) half full bottie
a4 59 BW 02/08/99 | 12:30 |B. Thompson 38.5 0 [0} 02/21/99 14:37 | J. Fincke 20.2 119.7 9.5 1 1 1227 | 0.10686 0.11338 | 0.00652 0 mn 15 500 |() piastic bottle. probably 6 02,
45 59 BW 02/08/99 | 14:30 |B. Thompson 20 0 ) 02/21/99 14:42 | ). Fincke 17.2 1.6 744 11 [1228| 010778 032671 0.01893 0 il 15 4.00 |(1) plastic bottle, probably 6 oz.
45 BW 02/13/99 | 15:30 |B. Thompsony 19.2 0 Hach Cell 02/21/99 16:03 | J. Frincke 35 () 15 8.00 [() below 11 mark
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Jacoby Creek - Brookwood Bridge (BW) Brookwood Drive (4k250 PM ) bRIDGE #
] Humboldt County, CcﬁlomioT { Vel Is measured at upstream or dn stream of bridge RR
Compiled by Eric Nyman and Clark Fenton I Hydrologic Year 01 | | | | |
Checked by C. Fenton | Grab Sampling: Turbidity / Suspended Sediment Data - provisional width of support to support is I |
NS=Not Stated Saimon Forever / Sunny Broe Sediment Lab Stoge is measured as inches on crest stage gage/ metal pipe RR
toge is measured as ft above seo level fom USGS staff gage RR
Sign-in [patashee] Somple Jlocation|  Date Time Sampled | Turbidity| Tur. [Containe§ Turbidity | Turbidity | Turbidity TUM Raw Stage [Dischargg Vel Str. Vel. Vel Comments |
Page # # ID# Sampled| Sompled | Sampled By FTU Cod Type | Daterun | Time run By S/N Stage CFS hiorlo Jdist. ft. | sec.
5 OI1GRO263 BW 11/24/00 09:10  B.Thompson| 15.9 O Haoch Cell 12/17/00 | 19:45 | C.Fenton | 22423 52.66 10 5.14 |PEAK STAGE 3.5' CORK
5 01GR0O268 BW 11/29/00 17:30 B.Thompson; 110 0 Hoch Cell 12/17/00 | 19:48 C. Fenton | 22423 53.02 10 8.00 [6.5' cork T
7 D1GRO266 BW 12/13/00 21:30 B.Thompson] 3.16 0 Hoch Cell 12/23/00 | 1500 B.Thompsor| 22423 | 6 cork 52.6 10 6.41  |Upstream side of bridge
5.66
6.43
7 01GR 0303 BW 12/14/00 09:00 B.Thompson| 26.9 0 Hach Cell 12/23/00 | 1502 B.Thompsori 22423 {4.5cork | 52.94 10 3.90 |cloudy
353
3.73
7 01GRO287 BW 12/15/00 07:40 B.Thompson 162 0 Hach Cell 12/23/00 | 15:12 B.Thompsor; 22423 |55 cork | 52.84 10 3.96 [scattered clouds
3.99
4.15
7 01GRO264 BW 12/11/00 10:00 B.Thompson| 295 0 Hach Cell 12/23/00 15:15  B. Thompsor| 22423 |5.5cork | 5242 10 11.09 |t Rain
11.02
10.52
8 01GRO296 BW 12/23/00 15:50 B.Thompson| 3.85 0 Hoch Celf 12/23/00 | 16:18  B. Thompsor] 22423 52.56 10 7.56
7.21
7.26
12 01GR0O395 BW 01/09/01 16:20 B.Thompson| 154 0 Hach Cell 1/11/01 18:08 J. Noel 7.5 10 3.99 lofffon rain
3.96
3.58
17 01GRO332 8w 01/18/01 10:55 B.Thompson| 457 0 Hach Cell 1/21/01 17:12 J. Noel 5" 10 4.89  |intermitient rain
512 i
4.50
2 Q1GRO3R BW 01/23/01 15:25 B.Thompson| 3.86 0 Hoch Cell 1/27/01 17:03 | C.Fenton | 22441 4.5 10 7.77 |36 flo width - raining
7.9 |
8.00 ]
20 01GRO425 BW 01/23/0) 17:15  B. Thompson 15 0 Hach Cell 1/27/01 17:21 C.Fenton | 22441 A 10 679 llight rain 38' width
7.15
6.56
20 01GRO408 BW 01/24/01 10:15 B.Thompson| 224 0 Hach Cell 1/27/01 17:26 | C.Fenton 8 10 442 |light rain
3.95
381
21 01GR0498 BW 01/25/01 12:55 B.Thompson| 363 0 Hoch Cell 1/27/01 17:56 | C.Fenton | 22441 15 10 2.39 |sunny - flo is width of bridge supports
214
2.86
51 01GRO487 BW 02/19/01 07:40 B Thompson| 12} 0 Hoach Cell 2/22/01 20:29 CF/EN 22423 8 10 4N
503
4.45
52 01GRO576 BW 02/21/01 11:05 B.Thompson| 38.3 0 Hach Cell 2/22/01 21:.02 CF/EN 22423 12 10 2.9
3.01
2.93
52 01GRO582 BW 02/22/01 09:30 RB.Thompson| 96.3 0 Hach Celf 2/22/01 21110 CF/EN 22423 16" 10 1.81 |overcast
1.27
182
52 01GRO585 BW 02/22/01 11:00 B Thompsonf 69.1 0 Hach Cell 2/22/01 237 CF/EN 22423 14.5dl 10 1.85 |overcast
1.85
1.63
94 01GR 0594 BW 04/06/01 16:08 B.Thompson| 354 0 Hach Cell 4/13/01 2306 | C.Fenton | 9614 9.5 10 3.10 _|rising imb
275
3.05
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clarkfenton, 08:41 PM 5/10/01 , Re: Jacoby data

Return-Path: <clarkstr@humboldtl.com>
X-Sender: clarkstr@mail.humboldtl.com

Date: Thu, 10 May 2001 20:41:01 -0700

To: russell-ms450700 <comwiz@mindspring.com>
From: clarkfenton <clarkstr@humboldtl.com>
Subject: Re: Jacoby data

Hi Russell,
I don't have any discharges or rating curves for Jacoby at all.

The 2 different stage numbers at BW are USGS staff gage sea level
53.xxx and inches on Janna's metal pipe pounded into the stream bed
next to the USGS staff gage. I do not know the correlation between
the 2. Somebody put 1t in in 98/99 and the 2 are comparable if you
know the correlation.

Liz and I talked a little about this.

As far as stage measured from the bridge I don't know where. What do
Bill's notes say?

We have not gotten to any Jacoby SSC data so far this year.

Velocities were measured with any floating object. Usually Jjust
upstream of the bridge by the staff gages

Usually when you talk about cork it's in reference to cork inside a
crest stage gage where the cork rises inside the pipe and clings to
an inner pipe which you lift out after the peak stage has passed and
can tell how high it was by the cork left on the inner pipe.

Clark

>Clark,

>

>We're trying to get flow rates from the data you sent. Particularly, we
>are interested in the Brookwood Site as we have dug up some historic data
>there also. Can you clarify how flows were measured at this site. It
>looks like velocities were measured with a cork at the bridge and stage was

>measured from both the bridge and the staff plate(s). Are all staff plate
>readings comparable? I thought that the plate was recently replaced at the
>site. Please clarify. Also, please let me know if know where on the
>bridge stage was measured.

>

>Do you have or know of any rating curves for 99-01' for this site?

>

>I was also wondering if you will have the 2001 TSS data for the monitoring
>before friday.

>

>Thanks for your help!t!!

>

>Russell

Printed for russell-ms450700 <comwizf@mindsvring.com>
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Jacoby Creek - S. Quarry Road (SQR) Jacoby Creek - S. Quarry Road (SQR)
South Quarry Road Bridge (4K240) PM 0.05 Bridge # 4C-006 South Quarry Road Bridge (4K240) PM 0.05 Bridge # 4C-006
Compiled by Nate Lomba and Clark Fenton [ | Humbold County, California_| | T Humboldt County, Califomia__ |
Checked By C. Fenton | | Hydrologic Year 99 | | [ Hydrologic Year 99 | |
Grab Sampling: Turbidity / Data - p Grab Turbidity / Data - pi
Saimon Forever / Sunny Brae Sediment Lab Salmon Forever / Sunny Brae i t Lab Hoating object veloclty is measured
Hand grab sampie Is taken RR upsiream of bridge Stage Is meosured as distance down from bridge
Sign in |DatasheefLocatior Date Time Sampled | Turbidiity | Tur. [Containe] Turbidity | Turbicity [iurbidity | TUM ] Tare Bottie] Total Bottle]  Volume/ | FAilter | Filter | Initial Alter | Final Fitter | Sed. tab ot Stage sCharg Vel | Vel. | Comments
page # # mpl Sampled | Sormpled By FiU  JCoddg Type Date run | Time run By S/N [Weight g Weight g | Bottle Wt, | Totat] 1D Welght g { Welght g Wi, Code] Mgt CFS dist. | sec,
4 SQR | 11/21/98 719 J. Fincke 751 8 Hach Cell 11/21/98 J. Fiincke| 9614 18.2 359 17.7 1 1] 206 0.11656 0.13046 | 001390 0 7357
5 SeR | 11/21/98 12:58 J. Noell Hach Cell
1 25 SQR | 11/26/98 16:02 J. Fiincke 361 0 |Grab 2xé| 11/27/98 J. Fiincke| 9614 23 248.1 2251 124432 0.11700 0.20009 | 0.08309 0 dn 20 146" | 3.27
25 23 248.1 2251 221433 0.11210 0.14899 | 0.03689 0 31
25 Totat
12 26 SQR 11/30/98 7:51 J. Fincke 266 0 Hach Celi 11/30/98 J. Frincke| 9614 179 373 194 114451 0.12036 0.12752 | 000716 Q dn 010" (1) 14%" | 2,68 {{1) “taken off bridge”
21 38 SQR | 11/30/98 16:33 J. Fincke 11 0 PB2x6 | 1/17/99 11:36 |4 Fincke| 9614 243 247.6 2233 11713 011314 0.14102 | 0.02788 Q 1249 dn 21.0 146" | 3.6
22 39 SQR | 01/14/99 19:35 J. Fiincke 2 0 |glassjar| 1/17/%9 12:32  {J. Frincke| 9614 177.9 344.7 166.8 111734 0.11576 0.11838 | 0.00262 Q dn 21'9° 144" | 14.87 [(}) "half pint Jam Jar*
24 ¥ SQR | 01/17/99 15:26 J. Fincke 319 0 Hach Cell 1/19/99 15:37  {J. Fincke| 9614 181 35 18.4 11]78 011214 011247 | 0.00033 a w2 2001 146" | 481
27 46 SQR | 01/22/99 1620 J. Fincke 124 0 Hach Cell 1/22/9%9 17:50 |J. Fincke| 9614 18 35.8 178 11875 0.11515 0.11836 | 0.00321 0 180.4 204" 146" | 3.62
28 4 SQR | 01/23/99 729 J. Frincke 145 0 Hoch Cell 1/23/9% 1631 jJ. Frincke| 9614 8 342 16.2 11877 0.71067 0.11376 | 0.00309 0 0.5 195" 146" 1 302
SQR | 02/08/99 15.08 J. Fiincke 8.6 o] 26 2/21/99 14:54 |J. Fincke| 9614 201" 146" | 377
46 55 SQR | 02/24/99 15.55 J. Frincke 349 Q okl 2/25/99 1512 |J. Fincke| 9614 226 264.4 2418 1111156§ 010373 Q0.10777 | 0.00404 Q 187 [U)] 4] (3} (N "in notes”
47 56 SQR 02/24/99 19:51 J. Fiincke 106 g [4)] 2/25/99 15:30__|J. Frinckel| 9614 168.5 321.4 152.9 11112191 0.10884 0.13655 | 0.02771 a 1613 ()] ) {1)_1(}) "in notes”
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Jacoby Creek - Morrison Gulch (MOR)

Jacoby Creek - Morrison Guich (MOR)

South Quary Road (4K240) - 2.2 miles east of Oid Arcata Road South Quarry Road (4K240)
Complled by Nate Lomba and Clark Fenton I | _Humboldt County, Callfomia_| I Humbaldt County, Califomia
Checked By C. Fenton [ | Hydrologic Year 01 | | _Hydrologic Year 01
iGrab Turbldity / Data - provisionat Grab Turbidity / Data - py There is an existing dn stream staff plate not used
Salmon Forever / Sunny Brae Sediment Lab Salmon Forever / Sunny Brae Sediment Lab JFoating object velocity s measured at culvert #ip 10' into culvert
stage is measured as flo In bottom of S'cutvert
$ign in Patasheejlocation Date Time | Sampled | Turbidity | Tur. jContaineq Turbidity | Turbidity | Turbidity | TUM [ Tare Bottie] Totat Bottle|  Volume/ | Fitter [Fitter initial Fiter | Ainal Filter [Sediment | Lab Raw Stage ischarge] Vel. sir. | Vel vel. Comments
page # # Sampledt Sampled [sampil 8y (319 C fype ] Date run | Time run 8y S/N {welght g Weight g | Bottle Wt. { Tofal | 1D | Weight g | Weight g Wi Stage CFS hicrlo | dist. sec.
4 MOR [ 11/21/98 | 07:.02 | J. Frincke 367 Q Hoch | 11/21/98 J. Fincke | 9614 18.1 354 173 1 1]202] 011855 | 0.12493 | 0.00438 0
11 MOR | 11/26/98 | 09:53 [ J. Frincke 123 0 [Grob 2x6({ 11/27/98 J. Fincke | 9614 229 2442 223.3 11 {4290 01123 014999 | 0.03769 4] - an 39.5° 188" 4.24
12 26 MOR | 11/30/98 | 07:41 | J. Fincke 671 Q Hoch | 11/30/98 J. Fincke | 9614 179 37.2 19.3 11 [450] 012347 | 02433 | 0.00086 0 444 cn 48" 188" 485
21 38 MOR | 13/30/98 | 16:24 | J. Friincke 39.8 Q PB2x6 | 01/17/99 11:45 |J.Fincke | 9614 271 2179 190.8 P 1 [ 714 011646 01217 0.00524 0 7. dn 47 188" 437
21 30 MOR | 12/02/98 | 1405 | B. Hanley 122 Q P8 2x6 | 01/17/99 1202 | J. Fincke | 9614 247 2718 246.8 1 1]725| 01145 0.16388 | 0.04938 a an 32 88" 390
24 39 MOR | 01/17/99 | 15:34 | J. Frincke 24 0 PB 2x6 | 01/19/99 15:40 | J. Frincke | 9614 234 269.1 245.7 1 11754[ 031362 | 0.11655 | 0.00293 Q 54" 188" 7.76
27 4 MOR [ 01/22/99 | 16:28 | J. Fincke 48 [o] PB 2x6 | 01/22/99 17:62 | J. Fincke | 9614 269 271.2 2443 1181 0.1146 0.12264 | 0.00804 0 49" 188" 480
28 46 MOR | 01/23/99 | 07:37 | J. Fincke 33 0 01/23/99 1611 | J. Fincke | 9614 168.7 393.9 2252 11 [886]| o611 012148 | 0.00537 0 48" 188" | 4.95.4.30
45 59 MOR | 02/08/99 | 156:18 | J. Frincke 452 Q 26 02/21/99 1456 | J. Fincke | 9614 23 269.7 2467 11 11233| 010989 0.11458 | 0.00449 Q 49.5" 188" | 8.50.5.92
4 55 MOR ] 02/24/99 | 16:02 | J. Frincke 21 o] ™6 02/25/99 15:14 | J. Fincke | 9614 237 268.9 2452 1 11118 010614 0.10792 | 0.00178 Q . [0} m m (1) "In notes”
47 &0 MOR 102/24/99 | 2001 | J. Fincke 6%.7 0 P2 02/25/99 L 15:32 | J. Fincke | 9614 228 269.9 247.1 11 [1251] 030688 0.11786 | 0.01098 Q ¢ | ) ) [0} (1) "In notes”
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Jacoby Creek - Morrison Guich (MOR) 5. QUARRY 1D
Compiled by Eric Nyman and Clark Fenton f Humboldt County, California r ] 411 TALL X 4' 3" WIDE
Checked By C. Fenton | | | Hydrologic Year 01 | | There is an existing dn stream staff plate not used by us
[ Grab Sampling: Turbidity / Suspended Sediment Data - provisional VEL IS MEASURED AT UP OF CV 10' INTO CV
NS=Not Stated Salmon Forever / Sunny Brae Sediment Lab |
stage is measured os flo in bottom of 5' culvert
Signin patashee] Somple flocation] Date Time | Sompled [ Turbidity| Tur, Eontaine] Turbidity | Turbidity {Turbidity | TUM | Row | Stage Dischorg Vel. Str. Vel Vel. | Comments
page # # D # Sampled| Sampled |Sampled By U |Cod Type |Date run | Time run By S/N | Stage |inches| CFS hiorlo | dist. Ft. | sec.
17 01GRO299| MOR 01/08/01 10:00 3. Thompsor 49.2 0 Hach Cel| 01/21/01 17:14 J. Noel & 10 4.26 |raining &' cv dia.
5.44
4.56
12 0IGRO3%6| MOR | 01/09/01 | 16:45 3.Thompsor 214 0 Hach Cell01/11/01] 18:10 { J. Noe! 4 10 4.24 jiight rain
4.72
4.12
20 01GRO401] MOR | 01/23/01 | 15145 3.Thompsonq 1.5 0 Hach Cell01/27/01] 17:06  C. Fenton| 22441 3.5" 10 3.02 |raining
3.27
3.0
20 01GRO410{ MOR 01/24/01 10:30 3. Thompsor,  27.6 0 Hach Cel{ 01/27/01] 17:28 [C.Fenton| 22441 7" 10 2.10 |lovol. 5 cv - break in rain
24
2.05
2] 01GR 0497 MOR 01/25/01 12:45 3. Thompsorn 200+ 0 Hach Cel|01/27/01] 18:14 C.Fenton lo cell vol. No field form
01GR 0476 MOR 02/19/01 11:158 3. Thompsor - O VOL. 5.5 10 2.61 |lo cell vol no turb.
2.83
2.89
52 01GRO575! MOR | 02/21/01 | 10:55 3. Thompsoq  42.3 0 Hach Cell02/22/01f 2v:00 CF/EN | 22423 8.5" 10 1.71 Jsunny
1.50
1.60
01GR 0583l MOR | 02/22/01 945 3. Thompsoy lo vol. 13.5 10 1.26 |overcast
1.83
1.48
94 01GR0593 MOR | 84/06/01 | 1621 3. Thompsor 368 0 Hach Cel| 04/13/01]  23:07  C.Fenton| 9614 7 10 1.78
1.78
1.83




[ I I | [T
l Jacoby Creek - MM1.20 (MM1.20)
By Eric Nyman and Clark Fenton [ Humbolkdt County, Callfomia | T PM 2.20
Checked By C. Fenfon | Hydrologic Year 01 | [
Grab Turbidlity / St ded Data - p VEL IS MEASURED AT INSIDE OF CV 10 UPSTREAM TO DNSTEAM END
NS=Nofi Stated Salmon Forever / Sunny Brae Sediment Lab T [ ]
Stage is measured as culvert flow depth DNSTRM
Signin |Datasheef Somple | Location Date Time Sampled | Turtidity | Tur. |Contained Turbidity { Turbidity | Turbidity TUM Raw | Stage Pischargd Vel. Str. | Vel Vel. Comments
poge # # D # Sampted| Sampled | Sampled By FTY Codef Type Date run | Time run By SIN Stage CFS hlorlo | dist. Ft. sec,
7 01GR033) | MM1.20 | 12/15/00 17:15 J. Dixon 28 0 |jHoch Cell} 12/23/00 1520 [B. Thompson| 22423 10 1150 |dry-+ain 12-13-01 timing measurement taken on s. side of culvert- where pool stands - no depih marked yet
7 01GR0282 | MM1.20 | 12/20/00 10:00 [B. Thompson|  6.86 0 |Hoch Cell} 12/23/00 14;50  [B. Thompsony 22423 3 N. side of culvert - flo too Jow 10 time - 8.5x7.5 oval cv [
17 01GRO355 | MM1.20 | 01/08/01 10:15 [B.Thompson 11.8 0 |Hoch Ceflj 01/21/0% 1715 J. Noel r 1. Bm. Sediment from road fll flowing into cv. UPSTREAM FiLL SLOPE - ight rain - flo too rocky fo measure yet
12 01GRG3%8 | MM1.20 | 01/09/01 1653 |B. Thompson|  22.2 0 |Hach Cetltf 01/11/01 18:12 J. Noel a 10 5.14 |raining
492
520
20 01GRC420 | MM1.20 | 01/23/01 1605 [B. Thompson 331 0 [Hoch Cellj 01/27/01 17:.09 CF 2244 3" 10 3.37  |rgining - sample from s-end / sed eniering cv e-side not main flo - some researchey
3.76 | has walked this feeder stream with a marker stream since last visit 1-9-01
3.12
21 0IGRG496 | MMI1.20 | 01/25/01 12:35 |B. Thompson| 567 0 [Hoch Cellj 01/27/01 17:52 CF 2244] 9 10 1.08  [8¢'x7'¢"cv
1.40
1.20
51 01GRO490 | MM1.20 | 02/19/01 08:25 1B Thompsony 223 0 |Hach Cell] 02/22/01 20:35 CF/EN 22423 Y 10 290
270
267
52 QIGROS74 | MM1.20 | 02/21/01 10:35 |B. Thompson|  846.9 0 [Hoch Cel| 02/22/01 2056 CF/EN 22423 55 10 156 |cvslze 86" x7'¢"
1.53
1.60
94 0IGR 0592 | MM 1.20 | 04/06/01 14:35 |B. Thompson 159 0 [Hach Cell| 04/13/01 23.08 C.Fenton | 9614 65 10 145 |RL
1.45
1.42




| | I | I |
Jacoby Creek MM 1.65 (MM1.65)
Compiled by Nate Lomba and Clark Fenton [ | Humbokit County, Califomia | |
Checked By C. Fenton i | Hydrologic Year 98 -99 | | |
Gsab Sampling: Turbidity / Suspended Sediment Data - provisional [
Satmon Forever / Sunny Brae Sediment Lab Stage is measured at ...
Sign in |Datasheef] Location Date Time {Sampled | Turbidity | Tur. JContained Turbidity {Turbidity | Turbigity | TUM JTore Bottie]Total Bottlef Volume/] Fitter | Fitter | Initial Fiter | Final Fiter |Sediment] Lab Stage ischargg Vel. { Vel. | Comments
page # # Sampled | Sampled pomple: By FIU  [Cod Type Date run  {Time run By S/N pWeight g | Weight g ttle Wt] Total] 1D | Weightg | Weight g Wt [Cod CFS dist. { sec.
4 MM1.66 | 11/21/98 | 6:55 |J. Frincke 532 0 {Hach Celf| 11/21/98 J. Frincke| 9614 18.6 38.2 19.6 111204 0.11722 Q.13081 001359} 0 10.5"
11 MMI1.65 | 11/26/98 | 9:44 1. Frincke 279 0 |{Grab2x6| 11/27/98 J. Frincke| 9614 244 187.1 1627 {1 1| 428 0.11693 Q.17191 0.05498 { O dn 28.0" 18 2.86
313
12 26 MM1.65 | 11/30/98 | 7:33 {J. Frincke 254 0 [Hach Cell 11/30/98 J. Frincke | 9614 18.3 37.2 18.9 11 [ 449 0.12313 0.12676 000363 | 0 dn 37° 15 2.66
21 38 MMI1.65 | 12/02/98 | 14:20 | B. Hanley| 244 Q PB 2x6 01/17/99 12:04 |J. Frincke | 9614 248 237.3 2125 |1 1] 715 0.11413 0.12545 001132 | 0 dn 32 8 231
24 39 MM1.65 | 01/17/99 | 16:18 | ). Frincke | 31.9 9] PB 2x6 01/19/99 15:44 |J. Frincke | 9614 24 261 237 11175 0.11405 0.11666 0.0026) 0 45.5" 15 4.33
27 MM1.65 | 01/22/99 [ 1611 | J. Friincke 171 [¢] PB 2x6 01/22/99 17:48 [J. Frincke| 9614 226 270.8 248.2 I 2 [ 869 Q.1108 0.12625 001545 | 0 36.5" 15 256
26 270.8 2482 |22 | 870 | 011582 0.13578 {-0.00004| 1
Total
28 46 MMI1.65 | 01/23/99 | 7:18 |J. Frincke 60 ¢} PB 2x6 01/23/99 16117 {J. Frincke| 9614 231 264.4 2413 1V ]872 0.11576 0.12415 000839 | Q 335" 15' 18.2.98.2.14
45 59 MM1.65 | 02/08/99 | 14:59 |J. Frincke | 40.7 Q PB 2x6 02/21/99 14:52 {J. Frincke| 9614 2.9 269.4 2465 11 11230 0.10736 0.11176 000440 { O 41° 15' 2.98
45 MM1Y.65 | 02/18/99 | 13:11 |J. Frincke| 54.8 0 PB 2x6 02/21/99 15:09 {J. Frincke| 9614 3" 15 3.19
45 &0 MM1.65 | 02/18/99 | 16:43 |J. Frincke | 42.8 0 — 02/21/99 15:16 |J. Frincke| 9614 18.1 36.8 18.7 11 {124) 0.1092 0.10935 0000151 0 36" 15 2.63
46 55 MM1.66 | 02/24/9% | 16:11 |J. Frincke | 22.9 o PB 2x6 02/25/99 15:16 {J. Frincke| 9614 24 269.7 245.7 11 [1157| 010516 0.10822 0.00306 | O (1) (1) (M) [0} "in notes*
46 56 MM1.65 | 02/24/99 | 19:42 | J. Frincke | 84.8 0 | PB2x6 | 02/25/99 | 15:27 |J.Fiincke| 9614 25.6 270 © | 2444 | 1) 1220 0.10672 0.12503 | 0.01831 | O ) 6] (1) 101} "in notes*
21 MM1.66 | 11/30/98 | 14:40 |B. Hanley| 74.4 0 PB 2x6 01/17/99 11:38 {J. Frincke| 9614 an 33" 15' 2.62
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Jacoby Creek - MM1.65 (MM]1.65)
Compiled by Eric Nyman ana Clark Fenton | Humboldt County, Califomia [ MAIN CV AND FLOOD CV NEED TO BE OVER 1,5' STAGE TO SECOND CV
Checked By C. Fenton I | Hydrologic Year01 | ] [
| Grab Sampling: Turbidity / S ded Data - p al VEL IS MEASURED UPSTREAM 10° OF CV
NS=Not Stated Salmon Forever / Sunny Broe Sediment Lab
Stage is measured as depth of flo in bidbating Obj.
Sign in Ppatashee] Sample | Location Date Time Sampled | Turbidgity | Tur. [Containe] Turbidity | Turbidity {Turbidity { TUM | Row | Stage {Discharge] Vel Str. Vel Vel. | Comments
page # # iD# Sompled | Sampled | Sampled By FTU Code| Type | Daterun { Timerun By S/N ] Stoge | inches CFS hiorlo | dist. Ft | sec.
17 01GRO0S4 | MM 1.65 | 01/08/01 10:30 8. Thompsor]  92.3 0 |Hach Cel| 01/21/01 17:10 J. Noel 2.5 36" cv
13 01GRO397 | MM 1.65 | 01/09/01 17.00 B.Thompsor] 152 0 [Hach Cel| 01/11/01 18:11 J. Noel 4" 10 5.92 {raining
4.25
5.29
2 0IGRO4A2) | MM 1,65 | 01/23/01 16:25 B.Thompsor] 183 0 {Hoch Cell| 01/27/01 17213 C. Fenton 2244} 3.8" 5 1.86 Liaining - vel. s going into cv from 10" upstreom
1.59
1.84
21 01GRO495 | MM 1.65 | 01/25/01 12:25 B.Thompsorj 158 0 |Hach Cell 01/27/01 17:50 [C.Fentory 22441 12 10 1.82 jraining 36" cv
212
2.02
52 0IGRO48? | MM 1.65 | 02/21/01 10:18  B.Thompsor  35.1 0 |Hach Cell| 02/22/01 20:53 CF/EN | 22423 [ i0 121 jevsize 3
1.41
1.43
Q4 0IGRO578] MM 1.65 | 04/06/01 16:48 B.Thompsor{ 51.5 Q0 {Hach Cellj 04/13/01 2309 C.Fenton 9614 3 10 104 [3ev
1.10
1.07




l Jocoby Creek - Snag Creek (SNAG) Jacoby Creek - Snag Creek (SNAG)
Jacoby Creek Road (C4K230) 3.3 miles east ot Oid Arcata Road Jacoby Creek Road (C4K230) 3.3 miles east of Old Arcata Road
Compiled by Nate Lomba and Clark Fenfon | County, Cafornia_| I I T County, Califomia_| I
Checked By C. Fenton | 1 [ Hydrologie Year 01 | T I | T Hydrologic Year 01 | |
] Grab ing: Turbidity / Data - proviss Grab Turbidity / Sediment Data - provisienal GAGE is 0 metal pipe in sreambed in Debbie Hartman's back yard
PH/TH =[Tom and Debbie Hartman Scimon Forever / Sunny Broe Sediment Lab | Satmon Forever / Sunny Broe Sediment Lab Velocity s floating object measured 10" above culvert
Sompla is taken at uostrearn enc of 84* round metd pipe culver under Jacoby Creek Road | Stage is depth of flo in bottom of 84" culvert at upstream edge of cubvert
Sgn npatashedocato] Dote | fime | sampled | Tupidity] Tur. Fontaindg Turbidity [Turbiaity [Turbicity | _TuM_[Tare Botttelfotal Botttel Voiumer] Fiter | Filter Jinitial Fitter | Final Fiter Lab] Tid | Row Stage [Dschargd vel. str.| Vel | Vel. | comments
page # mpted Sompledjample] By | AU [Codd Type | Daterwn |fimenn| By S/N_eightg | weight g [Bottie W] Total| 1D | weightg | Weigntg | Wt Fode vyl | Stage cfs | hiorlo] dist. | sec.
4 SNAG | 11/21/98] 06:50 | J.Frincke | 80 | 0 | Hach | 11/21/98 . Frincke| 9614 16.3 37.7 194 |1 1] 207 ] 011538 | 034399 | 0.02863 | O 140 | 585"
1 25 | SNAG | 11/26/98] 09:37 | J.Fnncke | 661 | 0 |Grap2xd 11/27/98 . Frincke] 9614 | 231 2238 | 2007 | 12| 426 011251 | 026604 |0.15353| 0 053 an 67.0 10 [ 299
25 231 2238 | 2007 | 22| 427 | 011561 | 015304 | 003743| 0 163
25 Total 2.52
12 26 | SNAG | 11/30/98] 07:23 | J.Frincke | 543 | 0 | Hach | 11/30/98 J_Fincke| 9614 18 36.1 181 |11 ]448] 012127 | 013108 | 000981 | O on 77 10 {252
21 38 | SNAG | 11/30/08] 16552 | J.Fincke | 207 | 0 | PB2x6 | 01/17/99 | 11:47 |J.Foncke| 9614 | 23.5 2487 | 252 [ 11| 716] 011592 | 017390 | 0.0579%{ 0 an 77 cv 10 | 330
2 39 | snaG [ 12/02/98] 14:35 | OHH 426 | 0 | PB2x6 | D1/17/99 | 1227 |J.Foncke| 9614 | 239 2524 | 285 | 13| 729 011504 | 022343 | 0.10749{ 0 nijpeck24{ _ 14° 16' | 2.19 |'note:_all Snag Creek stages now done on stage gage
39 239 2524 | 2085 | 23| 730 011377 | 0.17620 | 0.06243( 0 nence high and current readings”
39 239 2524 | 285 | 33| 731 | 011505 | 0.14133 | 0.02628{ 0
39 Total |
2 39 [ snaG [12/13/98] 11:a5 | DHAH 193 | 0 [ PB2x6 | 01/17/99 | 1229 |J.Fincke| 9614 | 242 1627 | 1385 | 11| 732] 011413 | 011613 | 000200] © o 16 [ 16.68]{1) "not registering”
» 39 | snaG [01/14/99] 2210 | DHAH 31 | 0 | P86 | 01/17/99 | 1230 |J.Fincke] 9614 | 233 2212 | 1979 | V1] 733] 011445 | 0.13985 | 0.02540| O i 16 1402
27 4 [sNAG [01/17/99] 16:30 [ DH/MH 60 [ 0 [PB6 | 01/22/99| 17:34 [J.Fincke] 9614 | 245 2325 208 | 11| 866 011569 | 0.12522 | 000953 | O a 16 | 888
a4 60 | SNAG | 01/23/99] 13:00 | DH/MH 514 | O | 26 | 0229 1411 [JFincke] 914 | 234 2683 | 2449 | 13 [1235] 010653 | 0.4240) | 0.01748| O 50 16 | 4.19 [PVC high mark = 23°
a4 59 | SNAG | 02/06/99] 11220 ] DH/M 340 | 0 | 26 | 02/21/99 | 1426 [J.Fancke| 9614 | 277 230.7 203 [ 121223} 010814 | 018302 | 007488} O D) 16" [ 3.69 [ (1) high mark = 13°
59 27.7 230.7 203 |22 [122a] 010700 | 019981 | 009281 O [
59 Total |
44 59 | SNAG | 0207199 DH/TH Ul | 01 26 | 02/21/99 ] 1430 |J.Fancke| 9614 2 2463 | 2213 | 11 1225 010933 | 015214 | 004281 | O Q) 16 | 321 {(1) igh mark = 17-
45 59 | SNAG | 02/08/99 DHITH_ | 666 | 0 | 26 | 02/21/9 | 1500 [J.Fincke| 9614 | 239 2601 | 2362 | 11 |1234] 010719 | 021937 |0.11218] 0 25" i6 | 823
45 59 | SNAG | 01/20/%9 DHH_ | 456 | 0 | 26 | 02/21/9 | 1519 ) Frncke| 9614 | 262 2683 | 2421 | 11 |1232] 010719 | 0.11507 | 0.00788| 0 [H0) 16" | 5.87 [(3) high mark = 167
45 59 | SNAG | 02/13/99] 16115 | DH/TH 20| 0 | 26 | 02/21/9| 1505 |J Frncke| 9614 2% 2638 | 2388 | 11 |1236] 010739 | 011120 [ 000381 | 0 0 16 | 6.00
a6 SNAG | 02/24/99] 16:17 | J Fincke | 29 | 0 | 2x6 | 02/25/99 | 1518 |J.Fancke| 9614 () M | () i nnotes
a6 56 | SNAG [ 02/24/99] 19:36 [ JFrincke | 97 | 0 | 2x6 | 02/25/99 [ 1524 4. Fnncke| 9612 | 241 2658 | 2417 | 11 |1217] 010008 | 0.14489 | 003581 [ 0 ) M | () }()7nnotes
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| L I l
Jacoby Creek - Snag Creek (SNAG) RMP
By Eric Nyman and Clark Fenton l Humboldt County, Califomia J GAGE 1S MMEASURED DEBBIES BK YD
Checked By C. Fenton | Hydrologic Year 01 | 1 [ | VEL MEASURED 10'INTO CV AT UPSTREAM END WATCH GO INTO CV
Grab Sampling: Turbidity / Suspended Sediment Data - provisional | | ]
NS=Not Stated Salmon Forever / Sunny Broe Sediment Lab Raw stage is depth of flo in bottom of 7' cutvert UPSTREAM EDGE OF CV [
| Stage is measured at gauge
Sign inpatash: Sample jocatio] Date [ Time | Sompled | Turbidity] Tur. jContaineq Turbidity | Tursbigity | Turbidity | TUN Raw Stage |Discharge] Vel St Vel, Vel. | Comments
ge # D # mpleq Sampled |Sample By FTU od! Type | Daterun | Timerun By SIN Stage CFS hiorlo | dist. Ft. | sec.
8 0IGRO258| SNAG | 12/23/00 | 14:35 G. Blue 6.92 0 |Hach Celf| 12/23/00 16:12 8. Thompson 9.5 10 18.10 |width ot waterline 47" - need to relocate gage- used tape measure
17 01GRO3%4| SNAG | 01/08/01 | 10:40 G. Blue 13.8 0 |Hach Celfj 01/21/01 17:1 J. Noel 2.5" 7' cv no new dings T
20 01GRO422| SNAG 101/23/01 | 14:35 B.Thompsor{ 13.5 0 |Hach Cel| 01/01/01 17:15 | C. Fenton | 22441 2.5 10 203 |7*cv vel. From interior of cv - 2* of concrete on bottom of culvert
1.16
1.34
2] 01GRO494| SNAG [01/25/01 | 12:16 B.Thompsor] 206 Q0 |Hach Cell| 01/27/01 17:47 | C.Fenton | 22441 9.5 10 1.21 |7 ¢v sunny
1.01
1.16
19 Q1GRO259] SNAG | 01/25/01 | 12:55 G. Blue 246 Q [Hach Celll 01/27/01 16:26 | C.Fenton 74cvinv 10" flo 3 10 2.59 |8dcv?
2.51
2.63
52 G1GRC480] SNAG | 02/21/G1 | 10:00 B.Thompsor] 58.3 O [Hach Cellf 02/22/01 20:49 CF/EN | 22423 7 10 1.34 lcvsize 7'
1.59
1.33
95 101GR 0687] SNAG | 04/06/01 | 17:05 B.Thompsor, 202 0 Hach Cell] 04/13/01 23:11 C.Fenton | 9614 6.5 10 1.27 |7'cv
1.29
1.41




_ [ \ |
Jacoby Creek -Eric Lane (ERIC)
Compiled by Nate Lomba and Clork Fenton | Humboidt County, Califomia |
Checked By C. Fenton | Hydrologic Year 98 - 99 | | Eric Lane Jacoby
Grab Sampling: Turbidity / Suspended Sediment Data - provisional
Saimon Forever / Sunny Brae Sediment Lab Stage is measured at ..,
Sign in Patasheejtocation] Date Time JSampled| Turbidity | Tur. JContaineq Turbidity | Turbidity | Turbicity | TUM {Tare BottiefTotal Bottie]  Volume/ | Fitter | Fitter |Initial Fitter | Final Filter | Sediment | Lab | Sand Fr. | Total | Stage [Discharge Vel. Vel. Comments
page # # Sampl Sampled [Sampl By FTy Code| Type |Daterun | Timerun By S/N eight g | Weight g | Bottie Wt. | Total| ID | Weight g { Weight g Wt od: Mg/L Mol CFS dist. sec.
4 ERIC 11/21/98 | 06:42 |J. Frincke| 100G+ 1 |Hoch Cell} 11/21/98 J. Frincke | 9614 18.2 374 19.2 11 2m 0.11126 | 0.14781 0.03655 Q
1A ERIC 11/26/98 | 09:32 [J. Frincke| 441 0 PB2x6 | 11/27/98 J. Frincke | 9614 24 244.1 220.1 11| 425 spitled a dn22.0¢ 18' 3.45
12 26 ERIC 11/30/98 | 07:17 |J. Frincke| 1000 + 1 [Hach Cell] 11/30/98 J. Frincke | 9614 17.9 36.9 19.0 1 1| 447 | 012045 0.15418 | 0.03373 Q dn 2458 18 4.52
21 38 ERIC 11/30/98 | 16:58 [J. Frincke] 1000+ 1 PB2x6 | 01/17/99 11:50 | J. Fincke | 9614 2246 247.1 2245 13| 717 | 011453 016782 | 0.08329 Q dn 24 18' 3.95
38 22.6 247.1 2245 23| 718 | 0817 017120 | 0.05603 Q 439
38 2246 247.1 2245 33| 719 | 011454 | 032927 | 0.21473 Q
38 Total
24 ERIC 01/17/99 | 16:26 |J. Frincke| 1000+ 1 PB2x6 | 01/19/99 15:46 | J. Fincke | 9614 s 15' 4.35
27 46 ERIC QU/22/99 | 15:59 |J. Frincke| 454 0 PB 2x6 | 0V/22/99 17:46 | J. Frincke | 9614 253 27356 2482 12| 867 | 011328 0.20374 | 0.09046 0 28" 15 3.43
45 253 2735 2482 22 | 868 | 0.11831 0.11795 | 0.00264 0
Total
28 46 ERIC 01/23/99 | 07:09 |[J. Frincke 177 4 PB 2x6 | 01/23/9%9 16:11 J. Frincke | 9614 238 2626 2388 121|873 | 011664 0.12807 | 001143 0 29 15 4.09
4% 238 262.6 238.8 22 | 874 | 011661 0.13400 | 0.0173% 0
i Total
59 ERIC 02/08/99 | 14:51 {J. Frincke 234 [¢] PB 2x6 | 02/21/99 14:48 | J. Frincke | 9614 234 2654 2420 11 1229 ] 010845 0.14335 | 0.03490 0 43" 1§ 9.02
59 ERIC 02/18/99 | 13:51 |J. Frincke| 101 0 PB 2x6 | 02/21/99 15:12 | J. Frincke | 9614 2.3 267.1 244.8 12 |1238 | 0.1085] 0.10814 | -0.00037 1 29" 15 ]7.80.8.13
59 23 267.1 244.8 22 1239 | 010700 | 0.12266 | 0.01566 0
59 Total
45 59 ERIC 02/18/99 | 16:34 |J.Frinckel 122 0 [Hach Cell| 02/21/99 15:14 [ J. Frincke | 9614 18.3 36.5 18.2 1.1 [ 1240 [ 0.10647 0.12266 | 0.01619 9] 28° i5 6.10
Eric 99
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Jacoby Creek - Eric Creek (ERIC) RMP
Compiled by Eric Nyman and Clark Fenton | Humboldt County, Califomia [ ] GERRY'S GAGE 20' UPSTREAM OF CV - YARDSTICK TIED TO MP
Checked By C. Fenton | Hydrologic Year 01 '7 VEL IS MEASURED GAGE DNSTRM OR 10" UPSTRM OF CVIO CV floating object
Grab Turbidity / d Sediment Data - provisional DEPTH FROM ROCK W/YL MARK TO CV BASE 15 46.5° |
NS=Not Stated Satmon Forever / Sunny Brae Sediment Lab Raw stage is meqsured as inches dowr{culvert invert) in g 36" culvert
Stage is measured as inches of flow in bottom of culvert
Sign in patash Sample {location| Date Time | Sampled | Turbidity | Tur. JContained Turbidity | Turbidity § Turbidity | TUM Raw Stage |Discharge| Vel. Str. Vel. Vel Comments
page # # D # Sampled} Sampled {Scmpled| By FTy Code| Type {Daterun | Time un By S/IN Stage CFS hior lo dist. ft. sec.
8 01GRO255| ERIC 12/23/00 | 14:00 G. Blue 237 0 |Hach Cell| 12/23/00 16:05 8. Thompson 5.75'@gage 10 9.57 |1st sample moderate rain
12 01GRO257 ERIC 01/08/01 14:30 G. Biue 174 0 |Hach Celll 1/11/01 18:06 J. Noet 31" cvinv. 7" @gage 5 10 5.19 |cloudy - 2 depth measurements yardstick/culvert
500
6.10
17 01GRO354 | ERIC 01/08/01 10:50 G. Blue 545 0 |Hach Cell| 1/21/01 17:12 J. Noel 8.5gb goge 31" cv in| 5 10 3.27 sample is free of eric In fjunction runoff
3.66
3.72
12 0IGRO301 | ERIC 01/09/01 15:30 G. Blue 172 0 |Hach Cell| 1/11/01 18:07 J. Noel 5.75" @gage 3 10 9.44 llite rain raining last 36 hours on/off
12.10 ]
10.62
19 C1GRO261 ERIC 01/10/01 18:45 G. Blue 211 0 {Hach Celll 1/27/01 1620 | C. Fenton 8.5"@gage 30" inv. 6 10 3.94 |drizzle - 36" cubvert - taking readings at original ste next to gage
3.97
3.25
20 OIGRO423| ERIC 01/23/01 16:50 G. Blue 1000+ 1 {Hach Cell| 1/27/01 17:19 | C. Fenton 8 10 279 |breakin rain
248
2.82
19 01GRO262|  ERIC 01/25/01 12:45 G. Blue 640 Q  |Hach Celj 1/27/01 1623 C. Fenton 11.25@gage 26.5inv.| 9.5 10 216 |sunny
2.31
232
21 01GRO493| ERIC 01/25/01 12:05 G. Blue 1000+ } |Hach Cell| 1/27/01 17:44 | C. Fenton | 22441 {12°@gage & 10 1.78  13'cv 12" on gb gauge light rain
1.90
201
51 01GR049| ERIC 02/19/0% 07:85 B. Thompsor, lo cett vol.
52 01GRO479 | ERIC 02/21/01 09:50 G. Blue 148 0 |Hach Cell| 2/22/01 20:47 CF/EN 22423 |7"@gage 5.5 10 4.06 Isunny
3.95
3.9
56 Q1GRO297 | ERIC 02/22/01 09:00 G. Blue 86.5 0 |Hach Cell| 2/27/01 11:58 D. Vdyke 8.5"@gage - 28”inv. 8" i0 517 |drizle
4.68
5.40
56 CIGRO300| ERIC 02/23/01 13:45 G. Biue 53.8 0 |Hach Cell| 2/27/01 1201 O. Vdyke 4*gage - 32.5%nv. 3.5 10 7.90
8.0
8.56
76 O1GR U596 FAILED CV] 03/05/01 11:00 3. Thompsor, 531 0 |Hoch Celll 3/19/01 11:55 OVD 9614 Water flows in one end of cv and out
ERIC tN along it's side on downstream side - upstream sample!
76 Q1GR 0597 FAILED CV] 03/05/01 11:00 B Thompsor  56.5 0 |Hach Celf 3/19/01 11:58 DVD 9614 no water thru 32' culvert
ERIC tN
94 O1GRG579]  ERIC 04/06/01 16:58 B Thompsorl 427 Q0 [Hach Cell| 4/13/01 23:10 | C.Fenton | 9614 9" ongage 10 l 112 IR.L []
1.08
1132 | ]




| I l | T - 1 l T 7
l [ Jacoby Creek - Rebel Creek (Rebel)

Compilled by Nate Lomba and Clark Fenfon | Humboldt County, Caitomia__| 1
Checked By C. Fenton i Hydrologic Year 99 | |
Grab : Turbidity / Data - p
Saimon Forever / Sunny Brae Sediment Lab Stoge Is measured at ...
Signin [Datashestjlocatior] Date Time |Sampleg | Turbidity] Tur. JContained Turbidity | Turbidity { Turbidity | TUM |Tare Bottid Total Bottte | Volume/ { Fiter | Filter | inificit Fiter | Final Filter { Sediment | Lab Total [ Stoge [Discharge] Vel. Sy Vel | vel. | Comments
poge # # mpied Scmpled{ Sampled By FTU Code Type | Daterun | Time run By S/N Meightg | Weight g | Bottie Wt.] Totat D Weight g | Weightg Wi, Code | Mgl CFS hiorio | dist. sec.
22 Ricd Rebei | 12/2/98 | 1510 1B. Hanley 54 0 ] P26 | V1799 1206 614 212 269.% 2419 11 728 011414 0.15638 004224 Q 28 20 153
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Jacoby Creek - Rebel 1 and 2 (RC1 / RC2)

REBEL1 IS UPSTREAM 1/10 Mi OF REB 2 ON UPPER CREEK RD VEL MEASURED AT FROM UPSTREAM OF CV TO CV UP STGAE FROM TOP OF CV RMP

By Eric Nyman and Clark Fenton T | Humboldt County, California_| [ I REB 215 ON JAC CRK RD RMP_3* BOTTOM FILLER OF CONCRET VEL 10' UPSTREAM TO CV UP
Checked By C. Fenton [ I [ Hydrologic Year 01 | ] i [ | I ]
| Grab Sampling: Turbidity / Susp Data - provisional | | | | |
NS=Not Stated Satmon Forever / Sunny Brae Sediment Lab Stage is measured as inches flo in boftom of 4' concrete culver-rebel 1
Stage is measured as inches flo in bottom of &' concrete culvert-rebel 2
Sign inpatashe Sampie | Location Date [ Time | Sampled | Turbigity] Tur. Fontaing] Turbidity }Turbidity | Turbidity UM Row | Stage |Discharge] Vel. Str.| Vel Vel. | Comments
ge # D # Sampled| Sampled JSampl By FTU Code| Type |Daterun [Timerun By S/N | Stage Jinches CFS hior lo | dist. ft. | sec.
7 01GRO334 | REBEL 12/13/00 | 21:30 J. Dixon 9.20 0 Hach Celf 12/23/00 | 1528 B. Thompsor] 22423 at culvert drizzling - rain start this afternoon - at peak stage - no depth marked yet
7 01GR0329 | Rebe! 12/13/00 | 0900 J. Dixon 6.48 0 Hach Cel 12/23/00 | 1535 PB. Thompsor] 22423 clear
7 Q1GRO330 | Rebel | 12/14/00 | 10:40 J. Dixon 33.10 0 Hach Cel 12/23/00 | 153! B. Thompsor] 22423 7' cv clear rain start 12-13-01 - no depth marked yet
41 01GRO357 | REBEL 1 | 01/09/01 11:30 J. Dixon 23.30 0 Hach Cell 2/14/0) 19:00 CF/DVD 10 7.50 |raining - measure vel. thru congested area?
a4t O1GRO360 | REBEL 1 | 01/12/01 11:00 J. Dixon 19.60 Q  Hach Cell 2/14/01 19:14 CF/DVD a4 10 13.33 |placed measurement marker in stream today.
21 01GRO412 | REBEL1 | 01/25/01 11:45 B.Thompsorj 94.50 0 Hach Cell 1/27/01 17:39 | C.Fenton | 22441 & 10 1.96 |4’ cv light rain
1.86
1.82
56 O1GRO274 | REBEL 1 | 02/17/01 12:15 J. Dixon 12.90 8 Hach Cell 2/27/01 11:37 OovD 2.5 i 13.00 jcvsize 3.5
51 01GRO477 | REBEL ) | 02/21/Q1 09:15 B.Thompsor] 39.40 0 Hoch Cell 2/22/01 20:40 CF/EN 22423 6 10 242 |cvsize 4
277
255
55 01GRO273 | REBEL 1 | 02/21/01 14:00 J. Dixon 39.10 0 Hach Cell 2/27/01 1141 OVD 7 10 4.00 lcv size 3.5' hi vel width 30"
5 01GRO270 | REBEL 1 | 02/21/01 17:00 J. Dixon 34.10 0 Hach Cell 2/27/01 11:46 DvD 7 10 3.00 |lev size 3.5' rain just starting
76 01GR0712 | REBEL 1 [ 03/02/01 16:00 J. Dixon 27.30 0 Hach Cell 3/19/01 11:40 DvD 2614 5 10 6.50 |ni vel width 22
76 01GRO713 | REBEL 1 | 03/03/01 13.00 J. Dixon 43.70 0 Hach Cell 3/19/01 1345 DVD 9614 8.5 10 3.50 |nhi vel width 33" - sprinle
95 01GR 0688 | REBEL 1 [ 04/06/01 17:20 B.Thompsor] 51.30 0 Hach Cel 4/13/01 2312 | C.Fenton | 9614 a4 10 1.20 j4'cv
1.34
1.29
103 01GRO715 | REBEL 1 | 04/20/01 11:00 J. Dixon 17.20 0 Hach Cel 4/27/01 8:57 C.Fenton | 9614 3 10 10.00 |width 19" -3'cv
{
41 01GRO356 | Rebel 2 | 01/08/01 16:40 J. Dixon 20 0 Hach Cel 2/14/01 18:52 CF/DVD 10 3.50 |at cv - moved measurement of vel. To ¢v from rocks
a1 01GRO361 | Rebel 2 | 01/09/01 112 J. Dixon 2010 0 Hach Cel 2/14/01 19:17 CF/OVD 3.5 i0 2.00 lraining - started 11 am
41 Q1GRO358 | Rebel 2 | 01/10/01 21:16 J. Dixon 3820 0 HachCel 2/14/01 19:06 CF/OVD 7.5 10 2.00
2 01GR0424 | REBELZ? | 01/22/01 17.00 B.Thompsor] 58.30 0 Hach Cell 1/27/01 17:00 | C.Fenton 2 10 1.76 |vel. Taken 10 inside cv
1.94
1.54
21 01GRO413 | Rebel 2 | 01/25/01 11:56 3. Thompsor] 256.00 0 Haoch Cel 1/27/0) 17:41 C. Fenton | 22441 10" 10 1.11 jight rain
1.15
1.03
56 01GRO271 | Rebel 2 | 02/07/01 12:18 J. Dixon 10.90 0 Hach Cel) 2/27/01 11:49 DVD 2 10 7.00 lcvsize &
4] Q1GRO359 | Rebel 2 | 02/11/01 12:00 J. Dixon 38.50 0 Hach Celf 14-Feb 19:11 CF/DVD 55 10 3.00 Imeasured 64.5 in from culvert top - 2 inches of concrte?
56 O01GRO26% | Rebel 2 | 02/18/01 01:30 J. Dixon 28.00 0 HachCel 2/27/01 11:51 DvD 5" 10 5.00 |cvsize ¢'
52 01GR 0478 | Rebel 2 | 02/21/C1 09:30_ 3. Thompsorj 59.10 0 Hach Cel 2/22/01 20:43 CF/EN 22423 38 10 1.31
1.2
1.13
56 01GR0O272 | Rebel 2 | 02/21/01 17:00 J. Dixon 36.50 0 Hach Cel 2/27/01 11:54 DvD 6.5° 10 275 [cvsize &'
76 01GRO714 | Rebel 2 | 03/03/01 13:30 J. Dixon 95.50 0 Hach Cell 3/19/01 11:50 DVD 9614 Q 10 3.00 [hivel Width 48" at cv
2.00
102 QIGR 0716 | REBEL2 [ 03/28/01 12:00 J. Dixon 527 0 HachCel 4/27/01 8:51 C.Fenton | 9614 & 4.00 jrain last night - currentl dry
102 Q1GR 0717 | REBEL 2 [3/28 TO 4/2 J. Dixon 33.70 0 Hach Cel 4/27/01 8:53 C.fenton | 9614
102 QIGR 0728 | REBEL 2 | 04/02/01 2i1:00 J. Dixon 18.30 0  Hach Cel 4/27/0} 8:54 C.Fenton | 9614 5 10 4.50 |6'cv
500
103 QIGR 0731 | REBEL 2 [ 04/04/01 12.45 J. Dixon 4200 0 Hach Cell 4/27/01 8:55 |C.Fenton | 9614 ) 10 2.50 |STRAND WIDTH 46"
3.00
95 01GR 0689 | REBEL 2 | 04/06/01 17:35 B.Thompsori 162.00 0 Hach Cell 4/13/01 23:13 | C.Fenton | 9614 8 10 1.1 (ight rain
1.09
1.02
103 QIGR 0729 | REBEL2 | 04/20/01 11:00 J. Dixon 15.80 G Hach Cell 4/27/01 8:56 C. Fenton | 9614 4 10 4,00 |strand width 37" rain just started overcast now
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SALMON FOREVER
Watershed Watch Grab Sampling Protocols
Turbidity and Suspended Sediment
How-to Guide for Volunteers
9-4-99

A. SAFETY FIRST' ~ : S o
1. Establish a safe path to the site: streambanks are soft and sllppery

2. Be carefull. Please don't wade when you sample, We want all the grab samples to

be consistently from the streambank.-Remember, when you go out in the field, you
do so as a volunteer and must assume responsrb1llty for your own safety Please take
your t1me and be careful : ;

Be_fore the rainy season:

B. PREPARING SAMPLE CONTAINERS -

Sample containers and glassware must be cleaned and rinsed before the first -
sampling run and after each run. The lab may prep containers for volunteers
beforehand. If there are dirty bottles in the lab when you 51gn in your samples please

try to clean some for everyone else.

The followmg method should:be used when preparmg all sample contamers and
glassware for monitoring.

1. Wash each sample bottle w1th a brush and phosphate-free detergent -

2. Rinse three times with cold tap water.
3. Rinse tw1ce w1th d1stllled or de- 1on12ed water

C ‘MATERIALS AND TOOLS NEEDED

Sample bottles

Stopwatch

Rite in the Rain note paper or book w/pencil -

Tape measure

Orange peel or floating object for velocity ' ‘ :
Bottle of HCL solution (for sterilizing sample after turbldlty isrun) .
Waterproof boots and raingear :
Flashlight or headlamp

- Staff Gauge for measuring water depth This can be

1.1-1/4" or 1- 1/2" metal pipe staff gauge (to be driven into streambed in flatwater
just upstream or downstream of the velocity gauging sectlon) SR

2. Rod with markings driven in streambed .

3. Marks on bridge piers or culverts



)\l

D. ESTABLISHING THE SITE

Before the rainy season begins, new sites need'to be established. Existing sites must be
checked for maintenance issues and accessibility. Know the route to your site and
establish an alternate route and/or-somebody else!to sample in case of road flooding. 1
Ask permission if a site is to be established on private property.

1. Locate a safe water-sampling site and give it a short name. (HH, SFELK, GG etc..)

2. Locate the appropriate site to measure water height. Measure down from a bridge

guardrail, or measure water level on staff/stage gauge Find a spot .safe’ from ﬂooding
and one you can read. at high water level.

- -3.- Establish the velocity.gauging section of the creek (straight uniform stream reach
.- long enough to give velocities in the 6-12 second range at high flow if. possible).

4. Measure the cross sectional area at the velocity gauging section. This can be:.

" accomplished during the flow by measuring flow depth at 1.0-foot intervals as you

cross the stream but must also be correlated to the stream gauge. This needs to be
established once or twice a year or more often if the creek bed or banks change.
Others can help with this.

5. Photograph the site and make a location map. Make a photocopy:ofa: . ; :
topographic map of the area with the sampling-location: marked if. possible and give

" to the your watershed coordinator or the SunnyBrae Lab
... E.WHEN TO MONITOR ot

Try to sample as the creek rises and throughout the storm event and as the water
begins to go down. The goal is to collect representative samples that illustrate the

-full range of stream flow. A hydrograph, showing:the rise and fall of water level in a

creek, and the corresponding rise and fall of turbidity levels and PPM of sediment
during .a storm event will be produced with this data.The data will also-show when
turbidity levels that are injurious or lethal to salmonids are occurring and what {
sediment loads the individual creek is carrying. It-1s mast useful to, sample near the
peak of the flows to get a good representation of the highest discharges (up to 90% of
sediment transport may occur during high flow events). Photograph,at;the high

Stage' T IE TS vl

1. Sample after the rain starts

2. As the creek rises (for long storms, sample at several stages.) .

3. Sample at the peak, if at all possible " o

4. Sample as the creek falls (if it is a long duration storm,.sample at several stages )

5. During quiet times between storms you can minimize your samples and save the _
bottles for the next storm. : S T e

F. INFORMATION NEEDED FOR EACH SAMPLE Cd SRETPRE AR

1. Location, date, time, who sampled and the approx1mate elapsed time since start of

..~ . the storm

2. Record the staff/ stage gauge water level (or distance down from the bridge
guardrail) to the nearest 1/2 an inchs: o L

3. Measure velocity (elapsed time for a floating object to pass through a measured
section) to the nearest tenth of a second and nearest 1/2 an inch. If there
is a high velocity strand and a low velocity strand, estimate width, depth and
velocity for each, Note backwater eddies at the creek banks

4. Record width of flow in velocity section and width of creek

We are trying to get an estimate of water volume traveling down a point on the
creek. Therefore you must provide width, depth (stage), and the velocity for each
sample to be usable. One velocity measurement and depth is the minimum for each
sample.




G. HOW TO MEASURE STAGE

Locate an appropriate site to measure creek water height (measure down from bridge
guard rail, or measure water level on staff/stage gauge or distance down from the top
of a culvert) to the nearest 1/2 an inch.

If there is a brtdge available record the helght of the creek from the brtdge One does
this by measuring the distance between the water's surface and a fixed point on the
‘bridge (top of guardrail) to the nearest 1/2 inch. The fixed point must be correlated
toa spot on the stream bank and your x-section. : P

- Measure cross sectlonal area at the velocity gauging section. ThlS can be
accomplished during the flow by measuring flow depth in 1-foot horizontal segments
as you cross the stream or with a builder’s level at low flow. This:must alse be.~
correlated to the stream gauge. This needs to be estabhshed once or tw1ce a year or
more often if the creek bed or banks change - :

H HOW TO MEASURE STREAM VELOCITY ‘

- Set up a known measured length (to the nearest 1/2 an inch) beforehand (For
example inserting two colored sticks in the ground 20 feet apart above the bank and
out of flood levels). Time an orange peel or floating object as it travels between the
two sticks to the nearest tenth of a second_using your stopwatch. Velocity is the
distancé your orange ‘peel travels divided by the ttme it took to travel that dxstance

A volunteer releases an orange peel (or a stick, leaf etc.) at one side of a brldge and

‘records to the nearest tenth of a second how long it takes to go a measured
number of feet to the other side of the bridge. For example, say it takes 10.0 seconds
for the orange peel to reach the other side of a 20.0-foot bridge. That means the
water is flowing 2 feet per second. Inc1denta11y, Winnie the Pooh mvented thts ,
method

“With other simple measurements done at low flow, Salmon Forever can estimate the
discharge (creek volume). Using discharge and the grams/liter of sediment in a
sample, we can estimate the amount of sediment travelling down your creek. This
tells us how quickly your watershed is eroding. Erosion is a natural activity, however
accelerated erosion is generally due to human activities. Sampling creeks without
any obvious impacts is an important way to establish baseline information

During the storms:
I. TAKING THE GRAB SAMPLE FROM THE STREAM A
Use the same location each time and take a sample by standing on the bank and
holding a bottle in your hand and reach into the water. You can also sample from a
bridge by tying a bottle to a string and lowering it into the water or set up a pole to
hold a bottle and lower it into the water that way. If you sample from a bridge
always sample at the same spot. You can put a mark on the bridge where you
sample. Volunteers may be trained in other sampling methods as needs arise. Please
keep your coordinator informed of changes in your schedule.
Occasionally, video footage is recorded. Let us know if you are camera shy.



In general, sample away from the riverbank in the main current. Never sample
stagnant water or backwater eddies. The outside .curve of the river is often.a’'good
place to sample since the main current tends to hug this bank.

.To collect water samples usrng screw—cap sample bottles, use the followmg
procedures STANTIN - o

1. Label the bottle with the site name, date and time. Use a piece of tape to write on
the plastic bottles and use a penc1l only to write on the white portion of- the glass

- HACH eell:: .+ "0

2 Remove the cap from the bottle ]ust before sampling Av01d touching the inside of
the bottle or the cap.

3. Hold the bottle near its base and plunge it (opemng downward) below the water
surface. Collect a water sample 4 to 6 inches beneath. the surface or. mid—way between
_-the surface and:the bottom if the river reach is shallow. . L

4. Turn the bottle underwater into the current. In slow-moving river reaches, push
the bottle underneath the surface and away from you.in an upstream direction.

5. Leave an air space. Do not fill the bottle completely (243 is fine so that the sample
can be shaken, just before analysis) HACH cells must be ﬂlled to above the white
line. Recap the bottle o e b s T e
.6.-LABEL THE SAMPLE BOTTLE ! . Label the bottle with date, time, location, stage

, velocrty Mark the water level in the bottle at the time of .sampling with-a mark on a
-~ plece of tape on the outside of all sample bottles, except the HACH cells. We can tell
-, if the bottle leaked if the water. level is different when we receive them in:the. lab.
Incomplete labeling often creates wasted effort. Use only a pencil to, mark HACH
Turbidity cells. Check legibility because wet bottles can turn good information into

. mud . (S T AN T

7. WRITE IN YOUR NOTEBOOK date, time, location stage, stream width and

s velocityatleastforeachsample BT T S I I TR IPRIT

N S RN

J STORING THE SAMPLE ,
Keep in a dark and cool place and / or refrigerate Return to your Watershed
coordinator or the Sunny Brae Sediment Lab ASAP. Make sure all samples are labeled
Ideally the turbidity(NTU's) should be run within 48 hours. If you take the turbidity
reading put a drop. of HCL in the sample afterwards to retard algae Turbidity,

- reading protocols will be on a separate sheet. Dump the. lowest flow samples if you
‘run out of bottles The peak flow is the most important| Call your, coordmator for
directions or answers to. questions L , , P S

Important ‘Phone #'s Emer;gencyf 911
Watershed Coordinator __. . : - fjesSe_,Noell - -839-7552
' Clark Fenton ':'{:'5826-2978 . Anita Andazola 822'-85'76’”

N , Department of Water Resources / Bureka Flood Center
o : ,Roads  445-6576 L
_River Info 445-7855 =

g . -
B f ’ 1 C
SampProtocot9-3-99/word/cf v
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1. Scope:

This Standard Operating Procedure covers the proper way to collect water samples from various sites for
representative turbidity and suspended sediment concentration determination. Grab Sampling provides
only a single point representation of turbidity and suspended sediment concentration in a stream. Where
possible samples will be compared with Depth-Integrated samples taken at the same time to provide a
more representative understanding of the sediment distribution at a given point in time.

2. Apparatus:

Sample Contamers HACH Sample Cells Plastlc Bottles (varlous 51zes) Glass Bottles (varlous 51zes)
Stopwatch

Rite in the Rain note paper or book w/pencil

Tape measure

- Orange peel or floating objects for velomty

- Bottle of HCL solution (for sterilizing sample after turbldlty is run)

Waterproof boots and raingear

Flashlight or headlamp

Staff Gauge for measuring water depth

This can be: '

1. 1- 1/4" or 1- 1/2" metal pipe staff gauge (to be driven into streambed In ﬂatwater Just upstrearn or
downstream of the velocity gauging section) : s C
2. Rod with markmgs driven in streambed _ ,

3. Marks on bridge plers or culverts RS : e S

Samplmg Eq ulpment Suppllers

HACH Company: - g Turbidity Sample Cells # 24347

PO Box 389 . 6 packs of cells $16 : SR .
Loveland Colorado 80539 . o : s S S
1-800-227-4224 Turbidimeters: 2100P
www.hach.com
+.... Rickley Hydrological Co. Sedlment Sarnplmg, Stream Gagmg
2710 Joyce Avenue -
Columbus, Ohio 43211 DH 48 Depth Integrated Sampler :

1 -614-475-0717 : - Glass Pint Bottles Current Meters -~ -,
www.rickley.com : S L _

All supplies used in the South Fork Trinity Study will be either ordered from the manufacturer or .
through a scientific supply house. Supplies will not be accepted unless in proper working order. All
supplies and equipment are purchased and inspected under the supervision of the Lab and Field Leader.
Lab water shall be retail distilled water purchased locally. The Lab Manager before use shall inspect
sample bottles cleaned in the lab and affix a unique ID # sticker to each bottle before it is used in the

- field. Copies of equipment invoices shall be kept in the Sediment Lab and Salmon Forever Offices.



3. Calibration: , ' gt

.. None: of the samplmg equlpment requrres calibration.
4 Sample Collectlon. R

A. SAFETY FIRST' _

1. Establish a safe path to the site: streambanks are soft and slippery.

2, Be careful! Please don't wade when you sample. We want all the grab samples to be con51stently
from the streambank Remember when you go out in the ﬁeld youdosoasa volunteer and must

B. ESTABLISHING THE SITE oo s ' R
Before the ramy season begins, new sites need to be estabhshed Exrstrng sites must be checked for
maintenance issues and accessibility. Know the route to your site and establish an alternate route and/or
somebody else to sample in case of road flooding. Ask permission 1f a 51te is to be estabhshed on pnvate
property. fo i

1. Locate a safe water-sampling site and give it a short name. (HH SFELK GG etc. )

2. Locate the appropriate site to measure water height. Measure down from a bridge guardrall or’
measure water level on staff/ stage gauge Frnd a spot safe from ﬂoodmg and one you can read at’ hlgh
“water level.- v - ,

3. Establish the velocrty gaugmg section of the creek (stralght umform stream reach long enough to
give velocities in the 6-12 second range at high flow if possrble) IR -
4. Measure the cross sectional area at the velocity gauging section: ThlS can be accornpllshed durmg low (
flow by measuring flow depth at 1,0-foot intervals as you cross the stream but must also be correlated to
the stream gauge. This needs to be established once or twice a year or moré.often if the'créek bed or
banks change. Others can help with this.

5. Photograph the site from identifiable site and make a location map. Describe the lens and focal length
used for future use. Make a photocopy of a topographic map of the area with the samplmg locatron
marked if possible and give to the your watershed coordmator or the Sunny Brae Lab B

C. WHEN TO MONITOR
Aim to sample as the creek rises and throughout the storm event and as the water begins to go down.

The goal is to collect representative samples that illustrate the full range of stream flow.- A hydrograph,
showing the rise and fall of water level in a creek, and the corresponding rise and fall of turbidity levels
and PPM of sediment during a storm event will be produced with this data. The data will also show
when turbidity levels that are injurious or lethal to salmonids are occurring and what sediment loads the
individual creek is carrying. It is most useful to sample near the peak of the flows to get a good -
representation of the highest discharges (up to 90% of sediment transport may occur dunng hlgh ﬂow
events). Photograph at the high stage! o - . SO e

1. Sample after the rain starts : N

.12, As the creek rises (for long storms, sample at several stages )

-3..Sample at the peak, if at all posslble - :

-+4. Sample as the creek falls:(if it is a long duration storm, sample at several stages. ) :

5. During quiet times between storms you can minimize the number of samples taken to save the bottles
for the next storm.




To collect water samples using screw-cap sample bottles, use the following procedures.

* 1. Label the bottle with the site name, date and time. Use a piece of tape to write on the plastic bottles
and use a pencil only to write on the white pomon of the glass HACH cell. Note site on ID # label if
possible.

-2 Remove the cap from the bottle just before samplmg Avoid touchmg the ms1de of the bottle or the

3. Hold the bottle near its base and plunge it (opemng downward) below the water surface Collect a

water sample 4 to 6 inches beneath the surface or mid-way between the surface and the bottom 1f the

.. river reach 1s shallow.

-4. Turn the bottle underwater into the current. In slow-movmg river reaches; push the bottle undemeath
the surface and away from you in an upstream direction.
5. Leave an air space. Do not fill the bottle completely (2/3 is fine so that the sample can be shaken Jjust
before analysis). HACH cells must be filled to above the white line. Recap the bottle
6. LABEL THE SAMPLE BOTTLE! Label the bottle with, date, time, location, stage, and velocity.
Mark the water level in the bottle at the time of sampling with a mark on a piece of tape on the outside
of all sample bottles, except the HACH cells. We can tell if the bottle leaked if the water level is
different when we receive them in the lab. Incomplete labeling often creates wasted etfort. Use only a
.pencil to mark HACH Turbidity cells. Check legibility because wet bottles can turn good mformatlon
into mud. (R
7. WRITE IN YOUR NOTEBOOK: date, time, location, the sample ID #, stage stream w1dth and
velocity at least for each sample : x

5. Handl‘i_ng‘Pr'ésex_'vation:

A. PREPARING SAMPLE CONTAINERS

- Sample containers and glassware must be cleaned and rinsed before the first samplmg run and after each

- run, The lab may prep containers for volunteers beforehand If there are dirty bottles in the lab when you
‘sign-in your samples, please try to clean some for everyone else. Alconox soap shall be used,

The following method should be used when preparing all sample containers and glassware for o

monitoring,

1. Wash each sample bottle with a brush and phosphate-free detergent.
2 Rinse three times with cold tap water. '
3. Rinse twice with distilled or de-ionized water.”

B. STORING THE SAMPLE
Keep in a dark and cool place and / or refrigerate. Return to your Watershed coordinator or  the Sunny

Brae Sediment Lab ASAP. Make sure all samples are labeled. Ideally the turbidity (NTU's) should be
run within 48 hours. If you take the turbidity reading put a drop of HCL in the sample afterwards to
retard algae. Turbidity reading protocols will be on a separate sheet. Dump the lowest flow samples if
you run out of bottles. The peak flow is the most important! Call your coordinator for directions or

answers to questions.



+.E. HOW TO MEASURE STREAM VELOCITY. . weeu resT *(‘?90

D. HOW TO MEASURE STAGE - T e el st wie o sE L
Locate an appropriate site to measure creek water helght (measure down from brldge guard rarl or

... measure water level on staff/stage gauge or distance down from the top of a culvert) to the nearest 1/2
“.aninch. R o.0\ |~—6b\ (,J/ ST AR P‘—A’fi s

ik
e

. If there is a bridge available record the height of the creek from the bridge: One:does this. by measurrng ,

the distance between the water's surface and a fixed point on the bridge (top of guardrail) to the nearest

: 1/2 inch. The fixed pomt must be correlated toa spot on the stream bank and your x-sectlon e

______

Measure Cross sectlonal area at the velocrty gaugmg sectlon Thrs can be accomphshed durmg the low
.- flow by measuring flow depth in 1-foot horizontal segments as you cross. the. streamor. with a-builder's

level at low flow. This must also be correlated to the stream gauge. Thls needs to be. establlshed once or
twice a year or more often 1fthe creek bed or banks change - IS SUSHE

L AT

Set up a known measured length (to the nearest %nch) beforehand (For: example 1nsert1ng two
colored sticks in the ground 20 feet apart above the bank and out of flood levels). Time an orange-peel

« or floating object as it travels between the two sticks to the nearest tenth of a second_using your .
-+, stopwatch. Velocity is the distance your orange peel travels:divided by the time it took to: travel that

drstance

Foanns R
FIA (AT L

A volunteer releases an orange peel (or a stick, leaf, etc.) at one side of a bridge and records to:the:
" nearest tenth of a second how long it takes to go a measured number of feet to the other side of the

bridge. For example, say it takes 10.0 seconds for the orange peel to reach the other side of a.20.0-foot
bridge. That means the water is flowing 2 feet per second Incidentally, ‘Winnié the ook mvented this

methOd RER R .2 Tyt RN -_5‘31:'1

E I - P I [N SR T T i

_‘"""":Wlth other simple measurements done at low flow, Salmon Forever can estrmate the dlscharge (creek
""" “volume). Using discharge and the grams/liter of sedlment ina sarnple we can estimate the amount of

sediment travelling down your creek. This tells us how quickly your watershed is eroding. Erosion is a
natural activity, however accelerated erosion is generally due to human activities. Samphng creeks ‘
without any obvious impacts is an important way to establish baseline information’ o
F. TAKING THE GRAB SAMPLE FROM THE STREAM

Use the same location each time and take a sample by standrng on the bank and holdmg a bottle in your
hand and reach into the water. You can also sample from a bridge by tying a’bottle fo a string and -
lowering it into the water or set up a pole to hold a bottle and lower it into the water that way. If you
sample from a bridge always sample at the same spot. You can put a mark on the bridge where you

sample. Volunteers may be trained in other sampling methods as needs arlse Please keep your 2
" coordinator informed of changes in your SChedUIe | -

~ In general, sample away from the riverbank in the main current. Never sample stagnant water or

backwater eddies. The outside curve of the river is often a good place to sample smce the maln current
tends to hug this bank.




6. Troubleshooting: U e P

Try to keep field forms and bottles dry when writing down information.
7. Data Acquisition, Calculations & Data Reduction: '

F. INFORMATION NEEDED FOR EACH SAMPLE ON THE FIELD FORM -
1. Location, date, time, ID #, who sampled and the approximate elapsed time since start of the storm
2. Record the staff/stage gauge water level (or distance down from the bridge guardrail) to the nearest 1/2-an
inch.
3. Measure velocxty (elapsed time for a ﬂoatmg object to pass through a measured sectlon) to the nearest tenth
. of a second and nearest 1/2 an inch. If there. is a high velocity strand and a low velocity strand, estimate
. width, depth and velocnty for gach. Note backwater eddies at the creek banks - ‘
4. Record width of flow in velocity section and width of creek
We are trying to get an estimate of water volume traveling down a point on the creek. Therefore you must prov1de
width, depth (stage), and the ve10c1ty for each sample to be usable One velomty measurement and depth is the

 minimum for each sample.

Volunteers will record field-sampling data using ready-made sheets in binders or Rite in the Rain
“Notebooks. The Field Managers or Watershed coordinator makes copies and returns the binder to
samplers. Field sheets are archlved for 10 years by sampler. Originals:of Lab Sheets will be kept in the
Sunny Brae Sediment lab. Copies of Field Sheets and Lab sheets will be kept in Salmon Forever
Offices. Hard copies of all data as well as computer back-up disks will be maintained by Salmon’
Forever for at least 10 years. QA/QC sheets will maintained by Salmon Forever for 10 years. All
Sediment Lab data to be maintained by Salmon Forever for 10 years. Originals of ISCO Automatic
Sampler field sheets will be maintained for 10 years at the Salmon Forever Sedlment Lab locatlon

Copies will be given to RSL.

Al ISCO and Depth Integrated sample bottles and grab sample bottles shall be labeled in the field with
the pertinent data and logged in a logbook at the time of sampling. ISCO Sample bottles shall be labeled
at the time they are taken from the sampler. Grab Sample labels shall at least include a sample location,
sampling time and date. Data recorded shall at least include time and date, location, person samplmg,
velocity, and stage.
The chain-of-custody for these samples is as follows:

The Volunteer is responsible for samples until they are picked up or measurements recorded by a Field
Leader or Watershed Coordinator. The Field Leader or Watershed Coordinator is responsible for
samples until they are checked into the lab. The Field Leader or Watershed Coordinator is responsible
for collecting and checking the completeness of field samples and data.- The Lab Leader is responsible
for processing samples. The date and time of arrival at the Sediment Lab is recorded on the Lab Sign In
sheet by whoever brings the sample into the lab. Samples at the lab shall be kept in'a cool dark place
until processing. The lab sign-in sheet is in Appendix 2. ’ '
Volunteer grab samples will be analyzed for turbidity with a HACH 2100P Turbidimeter and then
processed for suspended sediment concentrations through tared 1.0-micron filters on a vacuum
assembly. ISCO samples will not be run on the HACH Turbidimeter but will be

Velocity of water = distance / time



8. Computer Hardware and Software Used: L N TR I

No special hardware is needed for suspended sediment concentration determination, calculations. and
data analysis. Software used will primarily be Microsoft Word and Excel programs. Software may also
include specialized statistical and graphmg programs. Redwood Smences Lab us}es Pearl and S+ .

database and analysis software. *~ *

9. Data Management & Records Management G e e o

e

“# Data fs entered on‘data sheets in the ﬁeld Sample information is recorded on standardized ﬁeld and data
sheets. See Appendix 2 for examples of all data sheets. The Volunteer, Watershed Coordinator and Field
“* Manager are responsible to double check and copy Field Data sheets and deliver them to the Project

- Manager. Salmon Forever and/or Watershed Coordinators will keep the originals: Réports and data will
be transferred to Excel spreadshéets’and Word documents and coples kept at the Sunny Brae Sedlment

. Laband Salmon Forever Offices.

" All data sheets will have the Hydrologic Year, initials of the person entering data, the date of data entry
and the date of copying. Sign-in sheets will be numbered sequentially.

Data will be examined and rated on the basis.of field codes.pertaining to the quality of data: Any outliers

., or nonsensical data will be detected durmg calculatlons and transfer to electronic spreadsheet and -
documented. Data w111 be in a format acceptable to EPA, RSL and NCRWQCB. -. D

Data and calculations will be checked at the time of transfer from paper to spreadsheets

Appendnxz Data Forms “ P L

SamplleASi'gn-I.n Sheetl R S f, L
Field Sampling Data Sheet :

10. QA / QC:

Quality control (QC) measures are those activities undertaken to demonstrate the accuracy (how close

to the real result you are) and precision (how reproducible your results are) of your monitoring. Quality
. Control consists of the steps you will take to determine the validity of specific sampling and analytical

proeedures The Quahty Assurance Manager will be responsible for implementing and recording and

~.analyzing these measures. Quality Control measures will make up at least 10% of the data collected in

. this study Most measures will be taken after every 9th sample or measurement. Some will be done on
every sample. Results of analy31s and corrective actions shall be reported to the PrOJect Manager
Precision calculations are descnbed in A7 data quality Ob_]CCthCS S :

1. Grab Sampling
A. Internal QC: . :
- Unique ID # on bottle codes are in QAPP section B3

External QC__ None




2. Floating Object Velocity Measurement
Internal QC: None
External QC: None .-

3..Manual Stage Measurement
- Internal QC: None -
External QC: None

Quality Assessment/Assurance (QA) generally refers to a broad plan for maintaining quality in-all
aspects ot a program. Quality assurance/assessment is your assessment of the overall precision and
accuracy of your data, after you've run the analyses. QA activities include training of staff, -

- +documentation and development of methods and standard operating procedures, equipment
maintenance, and appropriate handling, processing, and tracking of all data and samples collected. These
activities are designed to ensure that study objectives are met.

1. Grab Sampling - including velocity and stage measurements - .

A. Internal QA: Proficiency Checklist Twice a season

-

B. External QA.- None

Proﬁcnency checkhsts (Appendlx 3), listing the sequence of samplmg and data collectxon tasks, and
notes on proper execution of methods, have been SRS '

prepared for evaluating implementation of methods by md1v1duals and teams.

These checklists will be used by the QA Manager, Field Manager, Lab Manager, Watershed

. Coordlnators during tramlng and field data collection, and p0551b1y by HSU/EPA/RSL staff.

The Field Manager, Lab Manager QA Manager and Watershed Coordmators durmg trammg wﬂl use
these checklists to document volunteer proficiency. R o : 3

The Field Manager, QA/QC manager or Watershed Coordinator shall observe each volunteer at the
beginning of the project and again at least once a year conducting sampling using a proficiency
checklist. Any problems shall be discussed and corrected at that time. During training, we will note any
methods that the volunteers find confusing, and discuss modification of the method, the training |
schedule and the checklist. Volunteers will be required to perform all sampling procedures correctly for
their data to be used. Volunteers will be rated on a scale as to the quality of data collection for later data
quality evaluation. All field protocols will be re-evaluated following the training. All volunteers will be
required to pass proficiency criteria during training. If volunteers do not pass the proficiency criteria,
they will receive additional training until they are proficient or they will not be utilized in this study. The
Field Manager, QA/QC Manager or Watershed Coordinator is responsible for implementing these
assessments and to document and file these checklists. Results shall be reported to the Project Manager

The Field Manager and QA Manager and Watershed Coordinators will conduct all field training. All
volunteers will be assembled in various groups at least twice during the field season, for "calibration” in
the collection of depth, velocity, crossection and grab sampling measurements.

Personnel from Saimon Forever will initially conduct training. As the study progresses volunteer
samplers will become proficient to train others. Field training will take place in at least the Freshwater
Creek or Elk River or South Fork Trinity or South Fork Eel watersheds at various locations. Training
will consist of day or half-day sessions in the field and laboratory.



Safety procedures for sampling and taking measurements in stormy or hazardous condmons w111 be
explained at every training session. High stream flows during storm events will be the main hazard the
volunteers will encounter. Sampling points will be designed for safety at all times. Under no
circumstances is anyone to risk injury for data. Back-up plans for volunteers:to cover for each ‘other will
be developed. If volunteers cannot conduct the scheduled sampling, they are mstructed to contact the
field leader as soon as possible so an alternative monitor can be found. S

J//

'Requirements for.volunteers include good physical health, the ability.to consistently repeat sampling
procedures and time to spend sampling and analyzing data. Most of the procedures are not:physically
demanding. No special certification is required but all volunteers will go through training before-. .
sampling. The goal of tralmng is to educate volunteers SO therr est1mates of subjectlve vanables meets

- the DQO's in Table A7b...

Back-up plans for volunteers to cover for each other will be developed. If volunteers cannot conduct the
scheduled sampling, they are instructed to.contact the field leader as soon as pessible so-an alternative
monitor can be found.

QA Watershed Coordinator checks: s

Watershed Coordinators will meet every 2 months to compare progress, to discuss and resolve problems
that they may have encountered, and to address any issues brought to their attention by the external
audits of internal QA checks.: These meetings.will be extremely important in terms of preventing; data
quality problems, variation in executron of samplmg procedures Toplcs for dlscusswn may 1nclude

A. Progress in the ﬁeld samphng and laboratory analyses or actlvmes . o
B. Identify problems with sampling procedures.or logistics in the field: Drscuss drfﬂcultles encountered

in specific situations and adopt corrective actions. Develop and adopt appropr1ate mOdlﬁcatlons for
standardizing use of methods among crews.«. .= - I A R s :
C. Discuss personnel performance problems - - o
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l'rl_ocation Sampled by Date
[Rain start time Current weather Time
\Peak stage " Current stage
Culvert size Culvert flow depth Culvert invert
i High-velocity width - Low-velocity width
1 Dist#7 Time #1 Dist.#1 Time #1
| Dist#2 Time #2 Dist #2 Time #2
'~ Dist#3 Time #3 Dist.#3 Time #3
Sketch map of high and low velocity strands: Sketch cross-section of channel:
Comments: Turbidity NTU's
‘ Measured by
________________________________________________________________________ Date/time
Location Sampledby Date
Rain start time Current weather Time_
Peak stage Current stage
Culvert size Culvert flow depth Culvertinvert
High-velocity width Low-velocity width-
Dist.#1 Time #1 Dist #1 Time #1 ’
Dist.#2 Time #2 Dist.#2 Time #2
Dist#3__ Time #3 ' Dist#3__ Time #3
Sketch map of high and low velocity strands: Sketch cross-section of channel:
Comments: Turbidity NTU's !
Measured by :
...... Dateltme .
Location__ 7 Sampledby______ Date____
Rain start time Current weather Time
Peak stage : : ‘Current stage
Culvert size Culvert flow depth Culvertinvert
High-velocity width Low-velocity width
Dist.#1 Time #1 Dist. #1 Time #1
Dist. #2 Time #2 Dist.#2 Time #2
Dist.#3 Time #3 Dist.#3 Time #3
Sketch map of high and low velocity strands: Sketch cross-section of channel:
Turbidity NTU's

_omments:

Measured by
Date/time
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JACOBY CREEK CROSS-SECTIONS
BROOKWOOD REACH

1983-1986,1992, 1995, 1997, & 2001

By
ANDRE LEHRE

AKIT@AXE HUMBOLDT.EDU

DEPT. OF GEOLOGY
HUMBOLDT STATE UNIVERSITY
ARCATA, CALIFORNIA 95521



Elevation, ft

Jacoby Cr XS1
(approximately 75 ft upstream from covered bridge)
1992 - 2001

N elevation, ft 1 Feb 92 e

i ----e-—- elevation, ft 4 May 01

== elevaiion, L E Al 65

Distance, ft

AK Lehre 8 May 2001



Elevation, ft

Jacoby Cr XS2

(at Lisle gage house, approx 39 ft upstream from covered bridge)

1992 - 2001
O S S 0 0 S O O A S SO 0 B
Ly = slevation, ft 1 Feb 92 ---------- 1' -------------------------------- 7 : -
56 | - : | /' GSatlLisle ]
,,,,,,,,,,,,,,, ~—--<—— elevation, ft 4 May 01 {

. vertical exaggeration 5X

...... .. gage house |

Distance, ft

AK Lehre 8 May 2001



Elevation, ft

Jacoby Cr XS3
(under covered bridge)
1992 - 2001

7 7 T T T T T T 7 T T

—o— Elevation, ft 1Feb92
————-— Elevation, ft 2Apras
—-«—— Elevation, ft 4May01

Distance, ft

AK Lehre 4 May 2001



Eievation, ft

Jacoby Cr XS4
(approx 63 ft downstream from XS3)

1992 - 2001
58 -
i = Elevation, ft 1Feb92
57 -——- Elevation, ft 8 Apr97
r - —-s—- Elovation, ft 4May01
L ; ! i N
56 | i vertical exaggeration 5X|
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Distance, ft

AK Lehre 4 May 2001



Elevation, ft

Jacoby Cr XS5
(approx 57 ft downstream from XS4)
1992 - 2001
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Distance, ft

50

AK Lehre 6 May 2001
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Elevation, ft

Jacoby Cr XS6
(approx 57 feet downstream from XS5)
1992 - 2001

Distance, ft

AK Lehre 6 May 2001



elevation , ft

A See @_f&-,-\clged -l

Jacoby XS1 1983-1986
at Lisle's gage
surveys by HSU Geology 531 and 550 classes

distance from RB pin, ft

A K Lehre 1 May 2001



‘Andre Lehre, 09:47 AM 5/10/01 , Re: Jacoby Cr XSS

Return-Path: <akllQhumboldt.eduw>

Date: Thu, 10 May 2001 09:47:26 -0700

To: russell-ms450700 <comwiz@mindspring.com>
From: Andre Lehre <akll@humboldt.edu>
Subject: Re: Jacoby Cr XSS

>Andre,

~
P

Thanks for the data!

>Are the 1983-1986 XSS at Lisle's gage comparable to the 1992-2001 XSS?
>so, would it be possible to get a composite PDF with the six XSS on it?

At the present time I can't tie them together. The 1983-86 ones
didn't have any permanent rebar endpoints. It would take a fair bit
of messing about with them to see if they could be tied to the later
ones. {I believe they are not at exactly the same location.)

>Do you have, or know if any one has, rating curves for the Brookwood Reach

>for 1999-20017

No. Randy Klein did one gaging there this year with Jacoby Cr school
students, I believe. I don't have the data. I can tell you,
however, that the BED is currently at 52.0 on Lisle's gage plate, and
that according to my pre-1992 rating curve that would correspond to
150 cfs! Clearly there has been significant filling, for that would
no correspond to zero cfs.

>Thanks againt!!

My pleasure.

Andre

Andre Lehre \\ akll@axe.humboldt.edu
Department of Geology \\ 707-839-3526

Humboldt State University \\

Arcata, CA 95521 AR

Printed for russell-msd450700 <comwizfmindsprinag.com>
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Andre Lehre, 09:47 AM 5/10/01 , Re: Jacoby Cr XSS

cpeie | v wmeme 0o -

Rerturn-Fath: <akllBhumboldn.edu>

Date: Thu, 10 May 2001 09:47:26 -D700

To: russeli-m3d450700 <comuiz@mindeprineg. cons
From: Andrs fehre <akll@humbeldt.edus
Subject: Re: Jacoby Or X535

>Andre,

>

Thanks for the qQata:!

>hre the 1983-1686 X85 ar Lisle's gage comparable to the 1992-2001 %537 If
»sa, would it be posszible to ger a compositz PDF with the six X3S on it?

At the pr=sent time I can't tie them togsther, The 1983-86 cne3
didn't have any permanent rebar endpoints. It weuld take a fair bit
of messing “about with*them to see if they could be tied to the later
onss. |1 believe they are not at exactly the same location.)

>Do you have, or know if any ene haz, rating curves for the Brookwood Reach
»for 1999-20017

No. Randy Klein did one gaging there this year with Jaceby Cr school

students, I believe. I don't have the data. [ can tell you,

however, that the BED is currently at 52.0 on Lisle's gage plate, and

that according to my pre-19392 rating curve that would correspond zo ‘j%'

v>$; 150 cfs! Clearly there has been significant filling, for that would
noCcorrespond to zaero cfs.

>Thanks again!!!

-

My pleasure.

Andre
Andre Lehre \\ akll@axe.humboldt.edu
Department of Geology \\ 707-839-252¢
Humboldt State University ARN
Arcara, CA 95521 A\
Printed for russell-msd50700 <comwizfmindsoring.com> 1
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JACOBY CREEK SUSPENDED SEDIMENT DATA
1978 - 1979

By
TOM LISLE

REDWOOD SCIENCES LAB
(707) 825-2930



Jacoby Creek at Covered Bridge (Dec '78 - Nov '79) |

Data formatted for plotting

Data supplied by Tom Lisle, USFS PSWFRES Redwood Lab

sediment concentation graph

Date Time Q C | Qsusp| stage Date Time| Cum hr Q C

m3/s| mg/l t/day from start m3/s| mg/l

12/01/78 850 1.870 60 9.69; falling 12/1/78 8:50 0.00 1.870 60
12/01/78 1000 1.700 44 6.46| falling 12/1/78 10:00 1.17 1.700 44
12/01/78 1115 1.390 25 3.00| falling 12/1/78 11:15 2.42 1.390 25
12/05/78 930 1.560 20 2.70| falling 12/5/78 9:30 0.00 1.560 20
12/05/78 1055 1.330 18 2.07| falling 12/5/78 10:55 1.42 1.330 18
12/17/78 830 0.740 81 5.18| rising 12/17/78 8:30 0.00 0.740 81
12/17/78 900 0.790 79 5.39| rising 12/17/78 9:00 0.50 0.790 79
12/17/78 945 0.850 71 5.21] rising 12/17/78 9:45 1.25 0.850 71
12/17/78 1015 0.880 81 6.16| rising 12/17/78 10:15 1.75 0.880 81
12/17/78 1040 0.880 73 5.55| rising 12/17/78 10:40 217 0.880 73
12/17/78 1120 0.930 69 5.54| rising 12/17/78 11:20 2.83 0.930 69
12/17/78 1145 0.930 68 5.46| rising 12/17/78 11:45 3.25 0.930 68
1/10/79 1535 0.510 44 1.94| rising 1/10/79 15:35:00 0.00 0.510 44
1/10/79 1625 0.650 60 3.37| rising 1/10/79 16:25:00 0.83 0.650 60
1/10/79 1705 0.820 88 6.23| rising 1/10/79 17:05:00 1.50 0.820 88
1/10/79 1750 1.160| 166 16.64| rising 1/10/79 17:50:00 2.25 1.160 166
1/10/79 1908 1.920| 233| 38.65| rising 1/10/79 19:08:00 3.55 1.920] 233
1/10/79 2105 2.290| 347 68.66] rising 1/10/79 21:05:00 5.50 2.290 347
111/79 225 2.350] 109| 22.13| rising 1/11/79 2:25:00 10.83 2.350 109
1/11/79 341 5.090| 356| 156.56| rising 1/11/79 3:41:00 12.10 5.090 356
1/11/79 920 16.400| 777[1100.98| rising 1/11/79 9:20:00 17.75 16.400 777
1/11/79 1420 9.340] 327) 263.88| falling 1/11/79 14:20:00 22.75 9.340 327
1/11/79 1640 7.920| 214| 146.44| falling 1/11/79 16:40:00 25.08 7.920 214
1/11/79 2100] 10.200| 387| 341.06] rising 1/11/7921:00:00| 29.42 10.200| 387
1/11/79 2350 8.350| 206, 148.62| falling 1/11/79 23:50:00] 32.25 8.350| 206
1/12/79 1310 9.060| 184| 144.03| falling 1/12/79 13:10:00| 45.58 9.060| 184
1/15/79 1105 1.080 41 3.83| falling 1/15/79 11:05:00 0.00 1.080 41
212/79 2150 1.020 78 6.87| rising 2/12/79 21:50:00 0.00 1.020 78
2/12/79 2235 1.440| 170] 21.15| rising 2/12/79 22:35:00 0.75 1.440, 170
212/79 2330 2.260] 293| 57.21; rising 2/12/79 23:30:00 1.67 2.260| 293
2/13/79 20 3.760] 424| 137.74| rising 2/13/79 0:20:00 2.50 3.760 424
2/13/79 105 4190 332| 120.19| rising 2/13/79 1:05:00 3.25 4.190| 332
2/13/79 220 5.320| 440| 202.25| rising 2/13/79 2:20:00 4.50 5.320| 440
2/13/79 430 8.770| 519| 393.26| rising 2/13/79 4:30:00 6.67 8.770 519
2/13/79 535 15.300] 642 848.67| rising 2/13/79 5:35.00 7.75 15.300 642
2/13/79 645| 17.800, 861]1324.15] rising 2/13/79 6:45:00 8.92 17.800| 861
2/13/79 840| 19.000| 631]1035.85| rising 2/13/79 8:40:00] 10.83 19.000| 631
2/13/79 1240 14.600| 303| 382.22| falling 2/13/79 12:40:00 14.83 14.600 303
2/138/79 1645 10.500] 237 215.01| falling 2/13/79 16:45:00 18.92 10.500 237
2/13/79 2020 7.360{ 174| 110.65] falling 2/13/79 20:20:00 22.50 7.360 174
2/13/79 2250 6.230 139| 74.82| falling 2/13/79 22:50:00 25.00 6.230 139
2/14/79 0 5.800| 130| 65.15| falling 2/14/79 0:00:00| 26.17 5.800] 130
2/14/79 115 5.240| 142| 64.29] falling 2/14/79 1:15:00| 27.42 5.240| 142
2/14/79 230 5.090 83, 36.50| falling 2/14/79 2:30:00 28.67 5.090 83
2/14/79 405 4.810 39| 16.21] falling 2/14/79 4:05:00, 30.25 4.810 39
2/14/79 610 4.390 66| 25.03| falling 2/14/796:10.00] 32.33 4.390 66
2/14/79 830 3.820 56| 18.48| falling 2/14/79 8:30:00| 34.67 3.820 56
2/14/79 1035 3.590 51| 15.82| falling 2/14/7910:35:00| 36.75 3.590 51
2/20/79 1400 1.160 16 1.60] falling 2/20/79 14:00:00 0.00 1.160 16
2/23/79 1015 4.530] 130] 50.88| falling 2/23/79 10:15:00 0.00 4.530] 130
2/23/79 1330 4.730 99| 40.46| falling 2/23/79 13:30:00 3.25 4.730 99
2/23/79 1430 4730 101 41.28| falling 2/23/79 14:30:00 4.25 4.730 101
2/23/79 2012 4.670 74| 29.86| falling 2/23/79 20:12:00 9.95 4.670 74
2/26/79 915 5.800| 122| 61.14| falling 2/26/79 9:15:00 0.00 5.800 122
2/28/79 1110 8.778] 430} 326.13| falling 2/28/79 11:10:00 0.00 8.778 430
2/28/79 1445 7.221 207| 129.14| falling 2/28/79 14:45:00 3.58 7.221 207




2/28/79 1725 6.230| 219| 117.88| falling 2/28/79 17:25:00 6.25 6.230| 219
4/11/79 115] 25.202| 1944|4232.97| rising 4/11/79 1:15:00 0.00 25.202| 1944
4/11/79 430| 26.901| 1276/2965.74| rising 4/11/79 4:30:00 3.25 26.901] 1276
4/11/79 740| 18.406| 1565|2488.79| falling 4/11/79 7:40:00 6.42 18.406| 1565
4/11/79 1120] 14.442| 990(1235.28| falling 4/11/7911:20:00{ 10.08 14.442| 990
411/79 1424 9.061| 1058| 828.31| falling 4/11/79 14:24:.00] 13.15 9.061| 1058
411/79 1655 7.929| 635] 435.00] falling 4/11/79 16:55:00] 15.67 7.929| 635
4/11/79 1950 6.088| 343| 180.42| falling 4/11/79 19:50:00| 18.58 6.088| 343
4/17/79 1230 6.230| 276| 148.56| falling 4/17/79 12:30:00 0.00 6.230| 276
4/117/79 1400 5.947| 213| 109.44| falling 4/17/79 14:00:00 1.50 5.947| 213
10/19/79 1005 0.481 76 3.16| falling 10/19/79 10:05:00 0.00 0.481 76
10/20/79 1415 1.501 95| 12.32| rising 10/20/79 14:15:00 0.00 1.501 95
10/20/79 1425 1.529| 226| 29.86| rising 10/20/79 14:25:00 0.17 1.529| 226
10/20/79 1455 1.869] 266) 42.95| rising 10/20/79 14:55:00 0.67 1.869] 266
10/20/79 1510 2.350| 457 92.80| rising 10/20/79 15:10:00 0.92 2.350| 457
10/20/79 1550 2.605| 517 116.37| rising 10/20/79 15:50:00 1.58 2.605| 517
10/20/79 1615 3.002] 321| 883.25| rising 10/20/79 16:15:00 2.00 3.002| 321
10/20/79 1705 3.455| 542| 161.78| rising 10/20/79 17:05:00 2.83 3.455| 542
10/20/79 1818 3.681| 337| 107.18| rising 10/20/79 18:18:00 4.05 3.681| 337
10/20/79 2040 3.002| 134| 34.75| falling 10/20/79 20:40:00 6.42 3.002| 134
10/20/79 2240 2.690 92) 21.38| falling 10/20/79 22:40:00 8.42 2.690 92
10/21/79 15 2.095 54 9.78| falling 10/21/79 0:15:00| 10.00 2.095 54
10/24/79 1750 2.888| 334 83.35] rising 10/24/79 17:50:00 0.00 2.888| 334
10/24/79 1830 5.154] 929| 413.66| rising 10/24/79 18:30:00 0.67 5.154| 929
10/24/79 1945 6.598| 316| 180.14| rising 10/24/79 19:45:00 1.92 6.598| 316
10/24/79 2050 6.513| 449| 252.66| falling 10/24/79 20:50:00 3.00 6.513| 449
10/24/79 2245 6.088| 196| 103.10| falling 10/24/79 22:45:00 4.92 6.088| 196
10/24/79 2320 6.088] 248| 130.45] falling 10/24/79 23:20:00 5.50 6.088| 248
10/25/79 25| 10.534| 1444|1314.23| rising 10/25/79 0:25:00 6.58 10.534| 1444
10/25/79 150] 19.539| 1393|2351.57| rising 10/25/79 1:50:00 8.00 19.539| 1393
10/25/79 425| 23.645| 9551950.96} rising 10/25/79 4:25:00| 10.58 23.645| 955
10/25/79 630 15.008| 629| 815.61| falling 10/25/79 6:30:00| 12.67 15.008| 629
10/25/79 745| 10.137| 401| 351.22| falling 10/25/79 7:45:00| 13.92 10.137| 401
10/25/79 900 7.787| 347| 233.46| falling 10/25/79 9:00:00| 15.17 7.787| 347
10/25/79 1030 6.938] 379] 227.18| falling 10/25/79 10:30:00] 16.67 6.938] 379
10/25/79 1327 5.267| 136 61.89| falling 10/25/79 13:27:00] 19.62 5.267| 136
10/25/79 1435 4.701] 112] 45.49| falling 10/25/79 14:35:00| 20.75 4.701 112
10/25/79 1558 4.248 98| 35.96| falling 10/25/79 15:58:00{ 22.13 4.248 98
10/25/79 1910 3.511 66| 20.02| falling 10/25/79 19:10:00| 25.33 3.511 66
10/25/79 1950 3.256 61| 17.16| falling 10/25/79 19:50:00| 26.00 3.256 61
11/03/79 1109 7.306| 262 165.38] rising 11/3/79 11:09:00 0.00 7.306| 262
11/03/79 1240 6.173] 178] 94.94| falling 11/3/79 12:40:00 1.52 6.173] 178
11/03/79 1330 5.663) 160| 78.29, falling 11/3/79 13:30:00 2.35 5.663| 160
11/03/79 1432 5.267| 105| 47.78| falling 11/3/79 14:32:00 3.38 5.267| 105
11/03/79 1540 4.842| 114| 47.69| falling 11/3/79 15:40:00 4.52 4842, 114
11/03/79 1620 4.587 92, 36.46| falling 11/3/79 16:20:00 5.18 4.587 92
11/03/79 1710 4.389 73| 27.68| falling 11/3/79 17:10:00 6.02 4.389 73
11/03/79 1840 4.163| 136| 48.91| falling 11/3/79 18:40:00 7.52 4.163| 136
11/03/79 1945 4.304 71] 26.40| falling 11/3/79 19:45:00 8.60 4.304 71
11/03/79 2045 5.097| 289| 127.27| falling 11/3/79 20:45:00 9.60 5.097| 289
11/03/79 2230 6.173] 259| 138.14] falling 11/3/79 22:30:00] 11.35 6.173| 259
11/05/79 740 3171 39| 10.69]| falling 11/5/79 7:40:00 0.00 3.171 39
11/05/79 855 3.115 44| 11.84| falling 11/5/79 8:55:00 1.25 3.115 44




JACOBY CREEK SILVICULTURAL SUMMARY
1988 — 2000

By
DOUG SMITH

(707) 677-3196
das16@humboldt.edu

From
CDF Data - Coast Cascade GIS



JACOBY CREEK Silviculture

AREA SUMMARY STATISTICS

HARVEST YEAR

METHOD 1988 1989 1990 1991 1992 1993 | 1994 | 1995 1996 1997 1998 1999 2000 | % WA Total |Silviculture
Alturnative Perscription 0 9 0 0 0 1] 0 0 44 0 48 0 0 1% 100]ALPR
Clearcut 97 259 3 0 96 26 28 4 47 70 42 213 82 7% 968|CLCT
Shelterwood Seed Cut 0 0 0 0 0 29 0 0 0 0 0 0 0 0.2% 29|SHSC
Shelterwood Prep 0 8 0 0 0 17 0 0 0 0 0 0 0f 0.2% 25]SHPC
Sanitation Salvage 0 2 0 0 0 0 0 0 0 0 0 0 0 0% 2|SASV
Shelterwood Removal 225 168 0 15 0 99 0 55 8 0 2 26.03 0 5% 597}SHRC
Select Cut 0 3 10 0 0 0 13 56 95 66 157 69 11 4% 480[SLCN
Transition 0 0 0 0 0 0 0 0 0 0 0 0 0 0% O] TRAN
Comercial Thin 0 0 0 0 0 28 0 12 16 4 354 202 0 5% 615|CMTH
Seed Tree Remoal 0 0 0 0 0 99 51 164 179 0 0 0 0 4% 492|STRC
Seed Tree Step 0 0 0 0 0 0 0 0 0 0 39 0 0 0.3% 39|STSC
Rehabilitation 0 0 0 0 0 0 0 4 0 0 0 0 0] 0.0% 4]|REHB
DATA GAPS 3 0 0 0 0 0 0 0 0 0 16 0 0 0.1% 18} THP BLANK
Annual Totals 324 450 13 15 96 297 93 295 388 140 642 509 93 3370|THP TOTAL
TOTAL ANNUAL PERCENTAGE 2% 3% 0.1% 0.1% 1% 2% 1% 2% 3% 1% 5% 4% 0.7% 26% TOTAL ANNUAL %
Tractor Yarding 316 355 13 15 91 283 22 295 366 124 411 294 72| 20.4% 2656§TR
Cable Yarding 9 95 0 0 5 14 71 0 22 16 215 215 21 5.2% 683|Cs
Data Gaps 0 0 0 0 0 0 0 0 0 0 16 0 o 0.1% 16|Yarding Blank
Ballon Helecopter Yarding 0 0 0 0 0 o] 0 0 0 0 0 0 0| 0.0% 0O}BH

126 142 5 6 36 113 9 118 146 50 164 310 1226]Total Compacted
By Doug Smith Intern  3/24 /2001 Compiled from CDF data from Coast Cascade GIS. 0.00025 conversion factor 13031 Total Acres
20% % area Tractored

Compaction of % equals 40% multiplied by the total area tractor yarded. 9% Compacted

Tractor "ogging can compact and disturb 40% of the logged area. Sediment discharge of 19% for each percent area logged.” Patricia Datzman 6/1978 P. 40

Total THP area divided by the JACOBY CREEK watershed area equals percent or timber harvest plan area in the ten years.

This watershed has 9% of the ground area compacted in a ten year period, where 20% of the total watershed area was operated on by tractors.

This watershed has 26 percent of the area timber harvest plan activity in 13 years.




US=MADR US=hemIok US_abies]US_MANz| US_rhody|US_ehuck| US_rhuck| US_Tobacco| US_Bbloss|{ US_coyoteB U§= Alder
1.14 0.00 ) D of 0 ~ 29.571 0 B 0 0
0.00 0.00 0 0 0 0 0 0 4.429 0.714 3.143
0.71 0.00 0 0 0 0 0 0 0 0 0
0.00 0.00 0.14 0 0 0 3 0 4143 0.571 0
0.86 0.00 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0
0 0.428 0 0 0 0.857 1.857 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0.143 0 0 0 0 0
0 0.143 0 0 0 0 0 0 0 0 0
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Jacoby Creek THPs
1986- 1999

LEGEND

Roads
Timber Harvest Plans
B Alternative Prescription
|| Clearcut
Comercial Thin
[ ] Out of Production
Rehabilatation
Sanitation Salvage
| | Shelterwood Prep
Shelterwood Removal
.| Shelterwood Step
Select Cut
| Seed Tree Removal By Doug Smtih
Bl Sced Tree Step Cut Data Source:

I Transition uneven age CDF Coast Cascade GIS
Il Jacoby Watershed
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 JACOBY CREEK ROADS
In 75" Stream Buffer

N
LEGEND
/\/ Roads
. Watershed ' By Doug Smtih {
| /\/ Roads in Buffer DCaEt)ell: SCOC;Jar:f: =

\ / Cascade GIS |



PHOTOS OF FLOODING
AND SEDIMENTATION
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Geomorphic Features Related to Landsliding
oby Creek Watershed

s Active Slides 41+ Translational/Rotational Slide
/\/ Watershed Boundary | Earthflow
, Class 1 Streams . .| Disrupted Ground
. Class 2 Streams Debris Slide Slope
/\/ Roads 54 Debris Slide
./ Public Land Survey Grid | Debris Flow/Torrent Track
/v Faultlines | Humboldt Bay
0.8 0 1.6 Miles
Map Composition by: Chris Trudel for the Jacoby Creek
Land Trust in cooperation with Legacy - The Landscape Connection W E
and the Environmental Services Department, City of Arcata.

Date: November 1998. S
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Literature (most documents included) and Resources
ih other foide

Murray & Wunner, 1980, A Study of the Jacoby Creek Watershed, Humboldt County,

California. Jacoby Creek Canyon Community, INC.

Murray & Wunner, 1988, The Jacoby Creek Watershed, Past, Present, and Future.

Natural Resources Division, Redwood Community Action Agency

Wunner, 1996, Long Term Improvement of the Jacoby Creek Watershed. private paper
These reports give an on-going account and analysis of the Jacoby Creek watershed.

Francis, Ann, 1999, A Conservation Strategy for the Jacoby Creek Land Trust, Jacoby
Creek Land Trust

Higgins, et al, 1992, Factors in Northern California Threatening Stocks with Extinction
Although Jacoby Creek is not specifically listed, this document illustrates the over-all

decline of the North-EoastFishertes. Humboldt Chapter of the American Fisheries
Society. Humbold+ Baj “4-ibutavies Sa/mon/'c{?opu,/a.ﬁons

Sigler, 1984, Effects of Chronic Turbidity on Density and Growth of Steelhead Trout and
Coho Salmon, Transactions of the American Fisheries Society, 113:142-150, 1984
- and also -
Newcombe, and MacDonald, 1991, Effects of Suspended Sediments on Aquatic Eco-
systems

Both papers discuss the effect of turbidity and SSC on fish of the North Coast.  North
American Journal of Fisheries Management, 11:72-82, 1991

Newcombe and Jensen, 1996, Channel Suspended Sediment and Fisheries: A Synthesis
for Quantitative Assessment of Risk and Impact

Relates biological response to duration of exposure and suspended sediment
concentrations. North American Journal of Fisheries Management 16:693-727, 1996

Reeves, G.H., F.H. Everest, and J.R. Sedell . 1993, Diversity of Juvenile Anadromous
Salmonid Assemblages in Coastal Oregon Basins with Different Levels of Timber
Harvest. Transactions of the American Fisheries Society. 122(3):309-317

Lisle, 1989, Sediment Transport and Resulting Deposition in Spawning Gravel’s, North
Coast, California

The mechanisms of sediment transport and deposition and effects of sediment on
salmon eggs are examined. Water Resources Research, Vol.25, No.6, Pages 1303-1319
June 1989

Lisle, 1992, Effects of Sediment Transport on Survival of Salmonid Embryos in a Natural
Stream

A simulated approach of variations and influences to the spawning runs is examined.
Canadian Journal of Fisheries and Aquatic Sciences

Liste, T-E. et al, 2000 Variab/ ity of becl M(?b;'lli] i hoburad
6rowe,l—l9€d channek gund diushedents 1o sediment load g+ loca|
nd reach scales Water Resources Research, Vol. 36, Ne. |2, 7>5S‘ 3743-376c



Eggers, 1987, Seasonal Fluctuations in Food Availability and Feeding of Juvenile
Steelhead Trout in a Small Coastal Stream

Described are the Jacoby Creek fish habitats and the need for suitable summer flow
rates. Also discussed is the type of water conditions needed for healthy juvenile
steelhead trout in Jacoby Creek. Thesis, Humboldt State University

Harper, 1980, Age, Growth, and Migration of Coho Salmon and Steelhead Trout in
Jacoby Creek, California

Life histories and the decline of coho salmon and steelhead trout are depicted. Thesis,
Humboldt State University

Frakes, 1989, An Analysis of Two Water Quality Problems in the Jacoby Creek
Watershed, California

Gives a perspective of the public agencies roles in the Jacoby Creek watershed and
shows the continuing problem of sediment in Jacoby Creek. Thesis, Humboldt State
University

Johnson, 1972, A Study of Some Water Quality Characteristics and Possible Logging
Influences on a Small on the North Coast of California

Data and analysis of water temperature, dissolved oxygen, pH, total hardness, turbidity,
and flow rate are listed. Comparison between areas of logging activity and an old-growth
forested area is shown. This is the only report found indicating the original background
of the Jacoby Creek sediment load. Thesis, Humboldt State University

Pillsbury 1972, Sediment Transport and Stream-flow Characteristics for Jacoby Creek
Additional economic costs associated with sediment dredging in Humboldt Bay are

analyzed. Also included are historical data, accounts concerning turbidity and suspended

sediment concentrations, and stream impairment.  Thesis, Humboldt State University

Milelzcik, F., 2000, Jacoby Creek Erosion and Sediment Study, a paper for Humboldt
State University
Slides and active earth flows are roughly analyzed and quantified.

Tuttle, A.E. and T.G. Dickert, 1987, Assessing Cumulative Impacts in Wetland
Watersheds, Coastal Zone *87 Seattle: Amer. Soc. Civil Engineers, pg. 1760-1774

Tuttle, A.E., 1985, Cumulative Impact Assessment in Coastal Wetland Watersheds:
Jacoby Creek, Humboldt County, California, PhD thesis. Berkeley: Univ. of Calif.

Thompson, R W. 1971. Recent sediments of Humboldt Bay, Eureka, CA. Final report:
PRF#789-G2. Humboldt State University, School of Natural Resources, Arcata, CA
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Habitat Requirements of Salmonids in
Streams

T. C. Bjornn and D. W. Reiser

Jabitat nceds of salmon, trout, and char in streams vary with the season of the
a1 and stage of the life cycle. The major life stages of most salmonid species are
jociated with different uses of fluvial systems: migration of maturing fish from
-ocean (anadromous fishes), lakes, or rivers to natal streams; spawning by
dalts; incubation of embryos; rearing of juveniles; and downstream migration of
eniles to large-river, lacustrine, or oceanic rearing areas. We present informa-
n-from the literature and from our own research on the range of habitat
gnditions for each life stage that allow the various species to exist. When
ssible, we attempt to define optimum and limiting conditions. Anadromous
monids of the Pacific drainages of North America are our primary focus, but we
ve included information on other salmonids to illustrate the ranges of temper-
lure, water velocities, depths, cover, and substrates preferred by salmon, trout,
nd char in streams. The scientific names of species identified by common names
ere are listed in the book’s front matter.

Upstream Migration of Adults

Adult salmonids returning to their natal streams must reach spawning grounds
{ the proper time and with sufficient energy reserves to complete their life cycles.
Stream discharges, water temperatures, and water quality must be suitable during
{ least a portion of the migration season. Native stocks of salmon, trout, and char
at have evolved in stream systems with fluctuations in flow, turbidity, and
mperature have often developed behaviors that enable survival despite the
ccurrence of temporarily unfavorable conditions. Native salmonids usually have
ufficient extra time in their maturation, migration, and spawning schedules to
‘accommodate delays caused by normally occurring low flows, high turbidities, or
unsuitable temperatures. When upstream migration is not delayed, the fish in
some stocks that migrate long distances arrive in the spawning areas 1-3 months
before they spawn. Some stocks of fish that migrate short distances may not move
‘into natal streams until shortly before spawning, but they must often wait in the
ocean, lake, or river for flows or temperatures in the spawning streams to become
suitable. T

- :The flexibility in maturation and migration schedules observed in many stocks
of native salmonids is not unlimited and has evolved for the specific environment

83

Influences of Forest and Rangelund Management on Sulmonid Fishes and Their Habitars
American Fisheries Saciety Special Publication 19:83-138, 1991
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Transactions of the American Fisheries Sociery 113:142-150, 1984
@ Copyright by the American Fisheries Society 1984

Effects of Chronic Turbidity on Density and
Growth of Steelheads and Coho Salmon'

Joun W. SicLEr,? T. C. BjorNN, AND FRED H. EVEREST? .

Idaho Cooperative Fishery Research Unit*
University of Idaho, Moscow, Idaho 83843

Abstract

Chronic turbidity in streams during emergence and rearing of young anadromous saimonids -
could affect the numbers and quality of fish produced. We conducted laboratory tests to deter-
mine the effect of chronic turbidity on feeding of 30-65 mm long steetheads Saimo gairdneri and
coho salmon Oncorhynchus kisutch in straight and oval channels. Fish subjected to continuous clay
turbidities grew less well than those living in clear water, and more of them emigrated from

channels during the experiments.
Received February 28, 1983

Yearling and older salmonids can survive high
concentrations of suspended sediment for con-
siderable periods, and acute lethal effects gen-
erallv occur only if concentrations exceed 20,000
mg/liter (see reviews by Cordone and Kelly
1961: Sorenson et al. 1977), but little is known
about the effects of turbidity on newly emerged
young. Many streams used by salmonids for
spawning in disturbed watersheds are subject to
chronic turbidity. Fish reared in such streams
might not grow as rapidly, or be as socially fit,
as those produced in clear streams. In our pa-
per, we evaluated the effects of chronic turbid-
ity on growth and densities of young steelheads
Salmo gairdneri and coho salmon Oncorhynchus
kisutch.

-

Methods
Physical Facilities

We used two types of laboratory streams to
insure that results were not artifacts of a single
apparatus. We conducted replicate pairs of tests
in 1978 and 1979 in (1) a pair of indoor oval

! Based on a dissertation submitted by John W. Sig-
ler as partial fulfillment of the requirements for the
Doctor of Philosophy in Fisheries Management.

? Present address: W. F. Sigler and Associates, Post
Office Box 1350, Logan, Utah 84322.

3 Present address: United States Forest Service,
Forest Science Laboratory, Corvallis, Oregon 97331.

* The Unit is jointly supported by University of
1daho, Idaho Deparument of Fish and Game, and the
United States Fish and Wildlife Service.

Accepted December 4, 1983

channels, 3.7 m wide x 4.9 m long, located at
the University of Idaho, and (2) two pairs of
linear raceways, 1.2 m wide x 21 m long, on a
transiucent plastic-covered area at the Hayden
Creek Research Station.

The four raceway channels at Hayden Creek
Research Station had substrate arranged in rif-
fle-pool configurations with large (10-15-cm)
cobble distributed in a set pattern throughout
each channel unit. A trap was attached to the
downstream ends of each section (Fig. 1). Each
pair of upper and lower channels was operated
as a test unit. ,

The oval channels consisted of two essentially
identical units, one above the other (Hahn 1977)
(Fig. 1). Rearing space in each channel was about
10 m long and 60 cm wide (usable space, 6 m?);
pools were 30 cm deep and riffles 7-15 cm deep.
Substrate was arranged in riffle-pool configu-
ration with cobble placed in a set pattern
throughout the substrate. A paddlewheel was
used to maintain water velocities. Fine-mesh
screen separated the paddlewheel from the
rearing section. Free egress from the channels
was provided by downstream and upstream
traps.

We regulated wrbidity, water velocity, tem-
perature, and photoperiod in the oval channels.
Carrying capacity of each was about 30 young
fish, 30-55 mm long, in clear water. The Hay-
den Creek raceways were larger, enabling us to
use larger numbers of fish, and we controlled
turbidity, flow rate (velocity), and, to some ex-
tent, temperature. Photoperiod was natural.
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TURBIDITY STRESS ON YOUNG SALMONIDS
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FIGURE 1.—Generalized schematic of raceway channels at Hayden Creek Research Station and oval channels at University
of Idaho showing the channel configurations, location of riffle and pool areas, and traps. (V = valve, D = drainline

or drain, and P = pump.)

Turbidity

We used clays, fireclay and bentonite, to create
:urbidity in the tests. Fireclay used in the 1978
.ests, largely kaolinite as determined by X-ray
{iffractograms, was distinctively different from
he montmorillonite-based bentonite clay in size,
‘ohesion, and cation exchange capacity. Ben-
onite clay used in the 1979 tests, as indicated
by X-ray analysis, had a structure that more
losely resembled the vermiculite structure of
1atural west-coast clays.

Clay was mechanically dispensed to all test
‘hannels. We added fireclay as a dry powder in

the 1978 tests, using a modified lawn fertilizer
spreader to achieve a near constant delivery. In
the 1979 tests with bentonite clay, we pumped
a wet slurry into the channels through 2 series
of time clocks and valves that enabled us to
maintain nearly constant turbidity in the chan-
nels.

Turbidity, in nephelometric turbidity units
(NTUs), was significantly correlated with sus-
pended material (mg/liter) filtered from the
water (NTU = 10.0 + 0.178{mg/liter]; r? =
0.764)and with bentonite clay (mg/liter) added
to the water (NTU = 5.49 + 0.162[mg/liter];
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TABLE 1.—Results of turbidity tests with steelheads in two

placed in channels.

144 SIGLER ET AL.

oval channels, 1978 and 1979. Beginning mean weights and

lengths for both turbid- and clear-water channels are based on a separate sample of 25 fish taken at time fish were

Fish

Re- Mean Mean
moved  \fean size of Mean size at daily daily Density at end
at fish released end of test length weight of test
Enter- end in- in-

Test (duration) Re- ing of Length Weight  Length Weight crease crease  Fish/

Turbidity (NTUs)* leased trap  test (mm) (g) (mm) (8) (mm) g m®  g/m?
Test 1 (14 days)

Clear water 299 180 32 30.2  0.25 41.3  0.63 0.79 0.027 53 3.9

Clear water 305 162 27 29.7 0.26 40.6  0.62 0.74 0.026 45 28
Test 2 (14 days)

Turbid water (143) 100 58 35 30.8  0.26 385  0.52 0.35 0.019 58 3.0 .

Turbid water (192) 100 63 3 309 0.27 35.3  0.38 0.32 0.008 0.5 0.2
Test 3 (14 days)

Turbid water (167) 110 A 0 314 0.29 0.0 0.0

Turbid water (241) 110 61 0 31.4  0.29 0.0 0.0
Test 4 (14 days)

Turbid water (232) 200 147 1 27.3  0.24 "30.0 0.32 0.19 0.006 0.2 01

Turbid water (265) 160 121 1 27.3  0.29 29.0 0.20 0.12 0.003 0.2
Test 5 (14 days)

Turbid water (77) 130 90 40 299 0.25 35.8 0.38 0.42 0.009 6.7 2.5

Turbid water (57) 130 103 33 299 0.25 36.3 0.38 0.46 0.009 55 2.1
Test 6 (21 days)

Clear water 110 76 23 38.2  0.44 46.9  0.84 0.42 0.019 3.8 3.2

Turbid water (80) 110 68 24 38.2  0.44 458  0.77 0.36 0.016 4.0 3.1
Test 7 (15 days)

Clear water 120 110 8 29,1 0.21- 31.6 0.23 0.19 0.002 1.3 03

Turbid water (72) 120 105 2 29.1 0.21 34.0 0.20 0.15 -0.001 . 0.3 0.1
Test 8 (19 days)

Clear water 120 102 31 0.26 36.8 0.40 0.58 0.014 1.0 0.4

Turbid water (51) 120 96 2 31 0.26 34.0 0.26 0.25 0.000 0.3 0.1
Test 9 (17 days) .

Clear water 100 92 4 43.0 0.65 50.3  0.87 0.56 0.017 0.7 0.6

Turbid water (59) 100 66 32 43.0  0.65 43.5  0.68 0.04 0.002 53 3.6
Test 10 (19 days)

Clear water 130 114 10 45.7  0.72 49.6  0.93 0.19 0.010 1.7 1.6

Turbid water (45) 120 95 15 457  0.72 454  0.72 -0.0! 0.000 2.5 1.8

* NTU = nephelometric turbidity unit.

r? = 0.926). We first created turbidities of 100-
300 NTUs, but fish either left the channels or
died. Subsequently we created turbidities most-
ly in the 25-50-NTU range. At 50 NTUs, vis-
ibility was limited to 2~5 ¢m.

Fish and Feeding

Steelhead and coho salmon were used in the
tests to determine interspecific differences in
reactions to turbidity. Steelhead eggs and ju-

veniles were from Dworshak National Fish
Hartchery, Ahsahka, Idaho, and coho salmon
eggs were from the Sandy State Fish Hatchery,
Oregon.

At the start of each growth test, we intro-
duced 100-160 fish into each oval channel and
185-1,200 into each raceway channel. Migra-
tion traps were kept closed 24-48 hours after
the first fish were introduced. Initial mean
weights and lengths were determined from a
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LE 2.—Results of turbidity tests with steelheads in four raceway channels, 1979. Beginning mean weights and lengths
» based on a separate sample of 25 fish taken at time fish were placed in channels.

Fish
Re- Mean
moved Mean size of Mean size ar _93ily ‘:i"e.?" Density at end
at fish released end of test  length aily of test
Enter- end in- weight
(duration) Re- ing of Length Weight  Length Weight crease increase Fish/
srbidity (NTUsy leased  trap test (mmj (®) (mm) ®) (mm}) (g) m? g/m?
1 (14 days) 27.6  0.23
ear water
Upper channel 950 452 387 33.5 0.41 0.39 0.012 17.1 7.0
Lower channel 425 128 208 35.0 0.46 0.49 0.015 8.4 2.1
arbid water (48)
Upper channel 950 636 176 31.0 0.25 0.23 0.002 8.5 3.9
Lower channe{ 425 480 4 33.5 0.39 0.39 0.011 0.2 0.1
t 2 (19 days) 29.4 0.22
lear water
Upper channel 1,200 448 498 37.1 056 0.41 0.018 238 134
Lower channel 800 188 352 37.3 0.62 0.43 0.021 4.0 1.4
‘urbid water (38) :
Upper channel 1,200 913 84 336 036 022 0.007 14.5 8.9
Lower channel 800 839 20 34.2 0.37 0.25 0.008 0.8 0.3
st 3 (17 days) 26.8 0.20
lear water
Upper channel 1,000 314 386 38.0 0.62 0.66 0.024 18.4 113
Lower channel 700 236 540 37.4 0.58 0.62 0.023 9.9 3.6
Furbid water {49)
Upper channel 1,000 570 208 3%3.4 0.36 0.39 0.008 22.2 12.9
Lower channel 700 263 230 32.8 0.35 0.35 0.009 9.5 3.3
st 4 (19 days) ) 379 056
Clear water
Upper channel 300 119 697 47.8 1.44 0.52 0.046 33.3 48.0
Lower channe) 585 14 531 46.6 1.33 0.46  0.040 5.8 4.7
Turbid water (42)
Upper channe! 900 467 122 42.0 0.94 0.22 0020 218 29.0
Lower channel 585 345 235 41.6 0.93 0.22 0.019 9.7 9.0

* NTU = nephelometric turbidity unit.

parate sample of fish randomly selected from
te holding tank.

Frozen brine shrimp were fed to the fish in
1ceways in 1978 and in oval channels in 1978
nd 1979. Oregon Moist Pellet of appropriate
ze was fed to fish in raceways in 1979. Un-
tressed fish took these foods readily. Food was
rovided at a daily rate of 10-15% of body
seight, and was adjusted every 3-4 days to ac-
ount for emigration and assumed weight gain.
Che ration was divided into three daily feed-
ngs. Food was dispensed to each raceway by
1and in 1978 and by automatic feeding in 1979.
“or oval channels, brine shrimp were slowly dis-
ributed to the channel through a perforated
10se in the substrate (Fig. 1). Food entering the

channels peaked shortly after feeding, and de-
creased exponentially until the next feeding.

Experimental Procedures

At the start of each test, fish were counted
into three containers: one for the turbid-water
channel; one for the clear-water channel; and
one for measurement of beginning lengths and
weights. Fish were introduced into the channels
in two ways: (1) placed in a screen cage open on
the bottom and forced to go down into the grav-
el and emerge outside the box if the fish were
near the size of emergence; and (2) poured into
the head of raceway channels or middle of oval
channels. Water in the turbid-water channel was
usually turbid when fish were placed in the
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FicuRe 2.—Densities at end of tests with steelheads in
upper and lower raceway channels with clear and turbid
water, 1979.

channels. Traps that fish could enter to leave
the channels were not opened until 24-48 hours
after fish were placed in the channel to provide
time for the fish to acclimate to the channels.
Additional small numbers of fish were added to
each channel on the second and third day of
tests to help insure the channels were fully seed-
ed. At the end of each test, fish were removed
from the channels first by electrofishing and
then by killing any remaining fish with chlorine
bleach. Fish were preserved in 10% neutral
buffered formalin and later measured and
weighed.

All fish could not be accounted for at the end
of most tests, either as having left the channels
through the traps or as having been recovered
at the end of the test. The fate of the unrecov-
ered fish is unknown, but we suspect that some
died and settled into the gravel interstices. In
any event, fish that took up residence in the
channels and were recovered at the end of the
test were the most important for evaluating the
effects of turbidity on densities and growth.
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FIGURE 8.—Densities at end of tests with coho salmon in
oval channels with clear and turbid water, 1979.

Results
Steelhead
Oval Channels

In our first test in 1978 to determine the ap-
proximate carrying capacity of the channels with
clear water, we released in each channel about
300 fish that averaged 29.7 and 30.2 mm total
length, and 0.25 and 0.26 g. After 14 days, 32
and 27 fish remained in the channels (Table 1).
Most fish that left the channel did so in the first
2-3 days; there was little or no emigration dur-
ing the last 2-3 days. Densities at the end of
the test were 4.5 and 5.3 fish/m?, and 2.8 and
3.9 g/m?. Fish in the channels at the end of the
test grew an average of about 0.75 mm/day and
0.026 g/day, if they were representative of fish
placed in the channel ar the start.

We then conducted four tests to determine
the range of turbidities we should use in growth
tests. We placed 100-200 fish in each channel
and then added the powdered clay to bothchan-
nels to create turbidities that ranged from 57
to 265 NTUs (tests 2-5, Table 1). In tests 2-4
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TaBLE 3.—Results of turbidity tests with coho salmon in two oval channels, 1979. Beginning mean weights and lengths
are based on a separate sample of 25 fish taken at time fish were placed in channels.
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Fish
Re- Mean
moved Mean size of Mean size at ldally Mean Density at end
at fish released end of test ength daily of test
Enter- end in- weight

Test (duration) Re- ing of Length Weight  Length Weight crease increase Fish/

Turbidity (NTUs) leased trap test (mm) ®) (mm) ) (mm) (g) m?  g/m?
Test 1 (14 days) 33.4 0.34

Clear water 130 70 55 38.6 0.46 0.37 0.007 9.2 4.2

Turbid water (86) 130 91 3 35.7 0.30 0.16 —0.005 0.5 0.2
Test 2 (13 days) 37.1 0.40

Clear water 160 105 41 42.0 0.57 0.38 0.013 7.0 4.0

Turbid water (45) 160 136 16 40.6 0.49 0.27 0.007 2.7 1.3
Test 3 (11 days) 42.4 0.53

Clear water 140 118 21 46.3 0.75 0.36 0.020 3.5 2.

Turbid water (22) 120 104 16 44.1 0.65 0.16 0.011 2.7 1.7
Test 4 (14 days) © 452 077

Clear water 120 71 44 49.6 0.94 031 0.006 7.3 6.9

Turbid water (31) 120 73 39 48.5 0.87 0.24 0.011 6.5 5.6
Test 5 (15 days) 41.1 0.57

Clear water 120 86 32 45.4 0.70 0.31 0.009 5.3 3.7

Turbid water (23) 120 67 40 42.0 0.58 0.13 0.000 6.7 3.9

* NTU = nephelometric turbidity unit.

with mean turbidities of 167 NTUs or higher,
almost no fish could be found in the channels
after 14 days. In test 2, with a mean turbidity
of 143 NTUs in one channel, we removed 35
fish at the end of the test. We then tested much
lower turbidities (57 and 77 NTUs) in test 5
and found that small fish could survive in those
wrbidities, and numbers near the carrying ca-
pacity (33 and 40 fish, 35 mm long) would stay
in the channels. In all subsequent tests, mean
turbidities were less than 86 NTUs.

We then conducted one additional test in 1978
with steelheads to compare growth of fish in
turbid versus clean water (test 6, Table 1). Of
the 110 fish (38.2 mm long, 0.44 g) released in
each channel, 23 were removed from the one
with clear water and 24 from the one with tur-
bid water (80 NTUs). Density at the end of the
21-day test was near carrying capacity (3 g/m?)
in both channels and growth rates of the fish
of the fish were not significantly different be-
tween channels.

In 1979, we conducted four turbidity-versus-
growth tests with steelheads in the oval channels
(tests 7-10, Table 1). In all four tests, the num-

bers of fish remaining in the channels at the end
were less than half the carrying capacity, except
for the turbid water channel in test 9. Because
of the small number of fish at the end of the
tests, comparisons of fish growth between clear
and turbid water channels are of limited value.
There is some evidence of slower growth of
steelheads in turbid water versus clear water,
but it is not conclusive.

Raceway Channels

Four tests of steethead growth versus turbid-
ity were conducted in the raceway channels in
1979 (Table 2). In all tests, more fish stayed in
the clear-water channels than in those with tur-
bid water (Fig. 2). The number and biomass of
fish remaining in each channel somewhat de-
pended on the number and size of fish released.
In general, numbers of fish and biomass in either
clear- or turbid-water channels at the end of the
test were larger when larger numbers or larger-
size fish were released.

Steelheads that stayed in the clear-water
channels were consistently larger than fish in
the turbid-water channels and they grew at fast-
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FIGURE 4.—Densities at end of tests with coho salmon in
upper and lower raceway channels with clear and turbid
water, 1979.

er daily rates of both weight and length (Table
2). Differences in growth and density between
fish in clear and turbid water were statistically
significant for the combined upper and lower
channels: final weight (F = 31.67; P = 0.003);
final length (F = 36.64; P = 0.0002); and mean
daily length gain (F = 46.61; P = 0.0001).

Coho Salmon
Oval Channels

In four of the five tests of coho salmon growth
versus turbidity in the oval channels, fewer fish
had stayed in the turbid water channels by the
end of each test than had stayed in the channels
with clear water (Table 3; Fig. 3). Largest dif-
ferences in ending densities occurred in tests 1
and 2 when the fish released were relatively
small (33 and 37 mm mean length). In later
tests, fish averaged 41 mm or more in length
when released and differences in ending den-
sities between clear and turbid water channels
were not large. In all tests, ending densities in
at least the clear-water channel were near car-

rying capacity.

SIGLER ET AL.

Fish that stayed in the clear-water channe
were significantly larger at the end of each tes:
than fish in turbid water (Table 3) in both weigh;
(F=31.52; P=10.005) and length (¥ = 35.09;
P =0.004). Mean daily weight and length in-
creases of fish were significantly larger in the
clear-water channels than in the turbid-water
channels (Table 3): weight increase, F = 30.87;
P =0.005; length increase, £ = 35.18;, P =
0.004. -

Raceway Channels

Fewer fry remained in raceway channels with
turbid water than in those with clear water at
the end of all three tests with coho salmon (Ta-
ble 4; Fig. 4). Differences in fish numbers for
the combined upper and lower channels be-
tween clear and turbid water were not statisti-
cally significant (F = 1.01; P = 0.35), but dif-
ferences in biomass were significant (F = 7.21;
P =0.036). As in raceway-channel tests with
steelheads, ending densities of coho salmon were
influenced some by the number and perhaps
size of fish released: higher ending densities re-
sulted from larger numbers released.

Coho salmon that stayed in clear water were
consistently larger in weight and length than
fish that stayed in turbid water channels (Table
4). Mean daily weight and length increases were
up to six times larger for fish in clear water
versus those in turbid water. Weightsand lengths
of clear- versus turbid-water fish at the end of
the tests differed significantly (F = 16.33; P =
0.006; and F = 19.91; P = 0.004), as did mean
daily length increase (F = 38.54; P = 0.001).

Discussion

In general, more fish stayed in channels with
clear water than with turbid water, and weight
and length of both steelheads and coho salmon
increased faster in clear water. In most tests,
there was a significant difference in growth rates
between fish in clear versus turbid water. Fish
reared in clear water were not always signifi-
cantly larger than fish in turbid water, but were
growing at faster rates. After longer periods of
growth, greater divergences of weight and
length between fish in clear versus turbid water
presumably would have occurred.

Densities of fish in the clear-water channels,
although not always statistically different, were:
consistently higher than those in the turbid-
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TaBLE 4.—Results of turbidity tests with coho salmon in four raceway channels, 1979. Beginning mean weights and
lengths are based on a separate sample of 25 fish taken at time fish were placed in channels.

Fish
Re- Mean Mean
moved  Mean size of Mean size at Ida']y daily Density at end
at fish released end of test  lemgth  weight of test
Enter- end in- in-
Test (duration) Re- ing of Length Weight Length Weight crease crease Fish/
Turbidity (NTUs)* leased  trap test (mm) (g) (mm) (g) (mm) (g) m? g/m?
Test 1 (14 days) 35.1  0.45
Clear water -
Upper channel 314 15 153 0.75  0.49 0.022 3.5
Lower channel 1335 26 98 0.73 0.45 0.020 4.1 2.3
Turbid water (11-32)
Upper channet 314 45 86 40.4 0.60 0.38 0.011 4.0 2.9
Lower channel 135 48 76 39.3 0.55 0.30 0.007 3.1 1.7
Test 2 (31 days) 38.2 0.52
Clear water
Upper channel 600 330 53.8 1.76  0.50 0.040 15.8 27.7
Lower channel 187 13 161 57.0 2.07 0.61 0.050 12.7 15.0
Turbid water (41)
Upper channel 600 215 266 47.3 0.29  0.021 6.6 137
Lower channel 188 60 128 49.0 1 0.35 0.025 5.3 7.0
Test 3 (21 days) 37.2  0.45
Clear water
Upper channel 900 19 761 44.5 0.89 0.35 0.021 36.4 32.4
Lower channel 400 20 314 439 093 0.32 0.023 276 14.9
Turbid water (49)
Upper channel 1,000 347 578 38.4 0.54 0.06 0.004 12.9 11.9
Lower channel 400 159 284 386 0.59 0.07 0.007 11.7 6.9

* NTU = nephelometric turbidity unit.

water channels (Figs. 2, 3, 4) and were some-
what smaller than those reported by Reiser and
Bjornn (1979) for natural streams. Conditions
in the turbid-water channels were less desir-
able or suitable for habitation than in the clear-
water channels, perhaps because fish could not
feed normally or suffered stresses resulting from
the turbidity. Small fish (<40 mm) were less
likely to stay in the turbid-water channels than
larger fish.

Larger numbers of fish emigrated from the
channel with turbid water than from the one
with clear water during the first two diel cycles
in each test. This early emigration by large
numbers of fish is evidence that the turbidity
was stressful to the fish. Some fish that still had
a portion of yolk sac left the turbid water, in-
dicating that inability to obtain sufficient food
was not the principal reason for emigration.

Anadromous salmonids use many small west-
coast streams with seasonally intermittent flow
for spawning and early rearing. Summer-run

steelheads in the Rogue River basin, Oregon,
spawn primarily in streams that become inter-
mittent or dry in summer (Everest 1973). Fall-
run chinook salmon Onchorhynchus tshawytscha
and coho salmon also spawn in small intermit-
tent streams of the Rogue basin. Resident rain-
bow trout Salmo gairdneri in the Sagehen Creek
basin, California, often spawned in an inter-
mittent tributary (Erman and Hawthorne 1876).
Young salmonids live in the intermittent streams
for a few days to several weeks, after which they
migrate downstream and enter larger streams
where they must compete with other fish for
food and space.

If fish in natural streams are subjected to tur-
bidity soon after emergence, we would expect
substantial emigration. Such downstream mi-
gration could reduce production in those trib-
utaries if the emigrants did not secure suitable
habitat in downstream areas. Fish rearing in
chronically turbid intermittent streams even-
tually would be forced by declining space to




emigrate to downstream waters or perish. Those
that did emigrate after rearing in wrbid water
would be smaller than downstream cohorts
reared in clear water and probably less able to
compete for living space. Because the outcome
of aggressive encounters usually is decided by
size (Chapman 1962), survival to smolt for such
emigrants would probably be reduced.

The higher rate of emigration by fish in tur-
bid water is in contrast to the findings of Noggle
(1978). He found a strong tendency for fish to
stay in their initial territory when exposed for
short periods to turbid water rather than leave,
even when a less adverse condition {clear water)
was accessible. Noggle's fish were larger than
those in our tests and may have been better able
to handle stress from turbid water.

In our study, gill-tissue damage was not readi-
ly observable in any of the fish examined until
after 3 to 5 days of exposure to the test turbid-
ities. Herbertand Merkens (1961) observed gill-
epithelial thickening in six fish exposed for sev-
eral weeks to 270 to 810 mg/liter diatomaceous
earth, yet one fish surviving in 810 mg/liter
had normal gills. Other studies cited by Noggle
(1978) reported no damage to gills of fish ex-
posed to high concentrations of the type of sed-
iment used in our studies.

In our studies, as little as 25 NTUs of tur-
bidity caused a reduction in fish growth. The
slower growth, presumably from a reduced abil-
ity to feed, could be related to a mechanism
more complex than inability to see prey (such
as insufficient light). Brett and Groot (1963) re-
ported that Pacific salmon could feed art light
levels equivalent to Y%g of bright moonlight
(0.001 lux), much darker than in our turbid-
water channels. Quality of light may be a factor.
Large amounts of suspended particles may in-
tercept the wavelengths used by fish, thereby
reducing their ability to see and secure food.
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Comment: Utility of the Stress
Index for Predicting Suspended
Sediment Effects

Newcombe and MacDonald (1991) present a
concentration~duration response mode! intended
1o be a convenient tool for assessing environmen-
. —at effects caused by suspended sediment. As a

much-needed synthesis of the available literature

.- on the impacts of suspended sediment on sal-

monid fishes, their work is commendable. How-

ever, as an accurate predictive management tool,
we find their stress index model is unreliable. These
authors conclude that their stress index, log, (con-

.centration X duration), will be useful in assessing

the severity of suspended sediment effects when

-ﬂ there is a lack of either ime or mourca 1o com-
pictc a detailed environmental assessment. Because
~ such instances are commonpiace, the appeal of an
effective 100l developed for this purpose is obvious.

The stress index model is seductvely simple.

Qur concerns have. been prompted by the que-
ries of salmon stock and habitat managers and
hatchery operators in British Columbia, alarmed

" at the effects the mode! predicts for specific hab-
itats. We have examined the information reviewed
by Newcombe and MacDonald (1991) and have
found that the data were highly variable, making
the predictive power of their stress index low. Ap-
plying a general model, such as the stress index,

. to a stock-specific problem is a speculative pros-

. pect. We agree that duration of exposure as weil

" as concentration must be considered in any as-

B . sessment of the effect of suspended sediment on

@ - .- aquatic life. However, the stress index model is

" unrealistically simplistic. Without more detailed
knowiedge of specific stocks and habitats than the
authors imply to be necessary, their stress index
model has limited usefuiness.

We have several concerns about the paper's
treatment of data from the literature and the con-
clusions Newcombe and MacDonald (1991} pre-
sented. First, contrary 10 claims in the paper, the
stress index model cannot be used to predict un-
quantifiable and zubjectively ranked effects (Table
1, ranks |-7,in Newecombe and MacDonaid 1991).

* The model aiso omits concentration and duration
thresholds, bevond which impacts will not occur;
therefore, many predictions will be exaggerated.
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Second, although the authors attempted 10 éovc
a wide spectrum of aquatic animal and plant taxz

data from relevant fish species were not considere:
(e.8., nonsaimonid fishes). Considering the abun.

dance of suspended sediment literature on these

other fish species, we are surprised none of thae(

studies were included in their analysis. Third, the

mode! ignores the effects of additional variables

normaily associated with suspended sedxment.
Fourth, no statistical or practical validation pro-

cedure was performed on the model, Eﬁ'ec:chrc

substantially over- or underestimated relative to -

the observed effects in a high proportion of cases:
Their stress. index model fails:to pmvxde sufﬁ.
ciently accurate predictions of the m of sus-
pcndcdscdxmcnttoberdmblyusedbymanagcs
of fish stocks (salmonid stocks in particular). In

~

this paper, we reveal how each of these points.

affects the usefulness of the stress index model.” -

We aiso demonstrate, through exampm from our .

own research as well as from the published liter- -

amre,matmhanceonthemmdumxgmlend
fish habitat managers 10 suggest inappropriate poi-
icies for the protection of many fish stocks. "=

QOther than quantifiable metabolic, physiologi-
cal, and lethal stresses (Table |, ranks §-i4, in
Newcombe and MacDonald 1991), the rekmve
ranks of the effects of suspended sediment pre-
sented by the authors were sub)ecuve and often
of debatuble biological significance. For example;
suspended sediment “avoidance response” (rank
2) couldrsimply have represented a short-term re-
action to novel stimuli. Berg (1983) reported that
initial observations indicating such avoidance be-
havior passed quickly in young cobo salmon On-
corhynchus kisuzch. Similarly, the “abandonment
of cover” (rank 3) may not be a detrimental effect
either. Turbidity may act as a form of cover from
predators, affecting predator avoidance and feed-
ing behavior of salmonids (Gregory 1990, 1993
Gregory and Northcote |993). We also see no em-
pirical support for the order of the sublethal a0d
behavioral effects observed (ranks {~9). Therefore.
the variance their model accounted for (64%) ¥
likely to have been overestimated.

—

The stress index mode! uses an Omm.ﬁmc :

- horizon, which will serve to exaggerate

impacts. According to the model, suspended sed-
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A F:ouaa 1.—=The relationship between stress index (natural logamhm ofthe ptodua of suspended sedmml
.. concentration and duration of exposure) and the observed severity of impact (rank of effect) on saknomds (after -
" Newcombe and MacDonaid 1991). Line indicates the prediction of the stress index model (rank effect = 0.738
log.{concenuauon x duration] + 2.179). We have removed data on aquatic mvenebram and dat on *“sediments”
: wnh confounding toxic eﬁ'ecu (e.g.. coal dust—see texx) from our runalysu. S :

., -

" tant topics, we believe their inclusion in New-
7 combe and MacDonald’s-(1991) survey was in-
appropriate. The confounding toxic effects of coal
dust and iron hydroxide were likely manifested in
the relevant investigations. Although providing
valuable information, these studies were not de-
signed to separate the toxicity from the more “in-
 ent” particle effects (e.g., angularity, turbidity; etc.).
For exampie, given the abrasive characteristics of
silicon particles, the observed effects of diatoma-
ceous carth were (not surprisingly) higher than the
. model’s. predictions. Again, the presentation of
_ “generalized™ data on particle concentration is not

appropriate for inclusion into a mode] purporting

10 isolate the effects of suspended sediment.

- Effect thresholds receive no treatment in the
stress index model, aithough such threshold values
are common in studies on the influence of toxins
on fish (e.g., see Sprague 1970). Threshold re-
sponses also appear in investigations on suspend-
ed sediment effects (Vinyard and O"Brien 1976;
Confer et al. 1978; Breitburg 1988). Even when
suspended sediment is acutely lethal to juvenile
coho salmon, monality generally occurs within the

" Therefore, the logarithmic response assumed by

first few days (J. A. Servizi and D. W. Martens, _

unpublished data). Such resuits suggest a duration i
threshoid response. Similar effects were suggested
by our reanalysis (Figures 1, 2) of the data com-
piled by Newcombe and MacDonald (1991). mmnseunwl 0501
1989'SavmandMar
Of \i,.. i ..,.

o Wi Do W

the model is probably unrealistic. 4

At both high and low stress index values, pre-
dictions of the Newcombe and MacDonald (1991
mode! were unreliable estimators of observed re-
sponses. At low values (<6), the effects of sus-
pended sediment on salmonids were consistently
overestimated (Figure 1). Our analysis of the mod-
el residuals (Figure 2) indicated that departures
from the predicted effects were significant at these
low index values (analysis of variance: P < 0.001,
N = 16). At any given high stress index value (>6).
the range of effects reported in the literature sur-
veyed by Newcombe and MacDonald (1991) was
excessively large, spanning from five to seven cf-
fect categories (Figure. 1). Standard deviation of
the mode! residuais was 2.3 rank effect units, in-
dicating that about 40% of predicted impacts would
be in error by at least 2.0 rank effect units. Figur

.....

4 on rer f3r up to 2 mon
and Nonheote 1982)
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FiGure 2.—The residuals from the stress index mode

8 10 12 14 16 18

Stress index (In[mg-L"- h}])

| (Newcombe and MacDonald 1991) calculated from data

presented in Figure |, Solid line indicates the relationship berween low stress index values (<6) and the model

residuals (¥ = 0.250 - 0.436X", =~ = 0.827, N = 16).

2 also suggests that the degree of error increases

. with the value of the stress index. We believe that

the observed effects depart so frequently from the

- predictions of the model that the stress index is
- vnreliable for management use.

Suspended sediment loads in the Fraser River
canrangeupto 1,050 mg-L-! (Servizi and Gordon
1989; Servizi and Martens 1992} during the peak

_ of the juvenile salmonid outmigration and turbid-

ity ranges from 30 to more than 100 Jackson tur-
bidity units from May to August (Northcote and
Larkin 1989). The stress index model suggests that
as few as 2 d of exposure to these concentrations
would be sufficient to cause 20% mortality (stress

& index = 10.8). We have observed suspended sed-

iment concentrations greater than 50 mg-L-!-in
side channels where underyearling chinook salm-
on rear for up to 2 months (Levy et al. 1979; Levy
and Northcote 1982), Even in these relatively
*“clear” habitats, the stress index model predicts
that monality could reach 20% during such a res-
idency period (stress index = 11.2). By definiton,
the survivors would aiso be subjected to all (or
most) of the lower-ranked effects as well (e.g., neg-
auve growth, physiological damage, and popula-
ton decline). However, both growth rate (Levy

and Northcote 1982) and feeding rate (Gregory
1990; Gregory and Northeote 1993) of under-
yearling chinook salmon are high in such “stress-
ful™ conditions. Although these fish are exposed
10 numerous other environmental factors during
their estuarine residency, the stress index model
is ciearly not supported by these latter investiga-
tions. On the contrary, the historical evidence for
large salmon runs in the Fraser River (Northeote
and Larkin 1989) strongly suggests that suspended
sediment concentrations in the migratory and
rearing portions of the river are nonlethal.

We find Newcombe and MacDonaid’s (1991)
paper a timely addition to the literature because
of the value of their synthesis of widely scattered
published accounts of suspended sediment im-
pacts on salmonid fishes. However, we maintain
"that the stress index model of Newcombe and
MacDonaid (1991) represents an oversimplifica-

tion of the complex interaction of suspended sed-

iment and the biology of salmonid fishes. At best,
the predictions of the mode! lack the precision to
be useful for saimon habitat management. At worst,
underestimating potential effects may lead to se-
rious damage of affected saimonid stocks by
prompting incorrect habitat management actions
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- (or inaction). Therefore, the use of the stress index
" model as a convenient predictive management tool
" would be inappropriate.
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Uuhty of the Stress Index for Predicting
Suspended Sediment Effects: ‘
Response to Comment

Although there is general agresment that there

" is 2 need for a simple method to predict the ad-

: verse effzcts of suspended sediment in aquatic eco-~

|, Systems, there is still some disagreement on the

, extent to which the existing information can be
* used to develop such a tool. It is useful, therefore,

tompmﬂatcmcrco:nthxswrymlawdtoom

' understanding of the environmental toxicology of

: RV

suspended sediments,
The pollution control strategies used during the
1970s and 1980s were based on the assumption

. that suspended sediments would cause little or no
__harm to fish and aquarc life at relatively low con-
. Cenmrations, regardless of the duration of exposure
. 10 those levels. In those days, concentrations in
.. the order of 25 mg-L-! were frequently accepted,

.- for pollution control purposes, as the thresholds

for adverse biological effects (e.g., USEPA 1973).
The concept of exposure duration was not consid-
ered in the pollution control paradigm, and thus

1 low-ievet pollution episodes were officially toler-

ated for indefinite periods of time.

COMMENTS - - 873

In the past, the concentration-response model
has provided a convenient compromise between
administrauve (i.c., regulatory) requirements and
our relative lack of knowledge of the toxicological
effects of suspended sediment as a function of du-
ratuon of exposure. However, the time-dependent
effects of suspended sediments are now better un-

derstood and the concentration-response model -

seems to be somewhat dated. A companson of the
traditional concentration—-response model with a
dose—response model (dose = concentration x du-
ration) indicates that concentration alone is only
weakly correlated with severity of ranked effects,

- whereas the dose is more strongly correlated with
those same effects (Newcombe and MacDonald
1991).

As indicated above, the need for a dose-re-
sponse model applicable to suspended sediments
is not at issue. However, in their Comment, Greg-
ory et al. have raised a number of questions re-
garding the reliability of the “model” presented in -
our article (Newcombe and MacDonald 1991),
These indicate that they have misinterpreted the
intent of the stress index (SI) “model™ presented
in our original publication. Therefore, the follow-
ing discussion is offered to clarify the original in-
tent of our paper and to present the stress index
model that was developed in the course of our
research on the impacts of suspended sedimenits
on aquatc ecosystems (Newcombe 1986, 1993).

Aguatic ecosystems throughout North America
are affected by pollution episodes that have the
potental to adversely affect fish, inveriebrates, and

.aquatic piants. Although many concerns have been

raised in recent years regarding the impacts of tox-
ic chemicals that are released into these systems,
the mobilization of fine inorganic particies and
their subsequent deposition in sensitive habitats

are, arguably, the most pervasive problem facing
aquanc environmental managers. However, until
recently, researchers in this field have provided
these managers with little practical guidance for
making regulatory decisions. In the absence of ef-
fect-based water quality guidelines for suspended
sediments, reguiatory decisions have generally been
either arbitrary or based on background condi-
tons at the site. In either case, it was assumed that
consideration of concentration of suspended sed-
iments alone would provide an adequate basis for
protecung the environment,

The effects of an environmental contaminant on
aquatic organisms vary substantially depending on
diverse factors, including species and life stage,
ambient water quality conditions, tsmperarture, and

\

v




. 'f'uuz {.—Revised ranking of cffects of suspended
sediments on fish and aquatic life.

Description of effect

Behavioral effects

0 No adverse effects observed
| Alarm reaction
2 Abandonment of cover
3 Avoidance response; change in swimming
* bebavior
4 Reducuon in feeding rale
Ssbiethal effects
§ Minor physiological stresx; increased rate of coughing or
respiration, or both .
6 Moderate physiological stress
7 Moderate habitat degradation: impairment of homing
8 Severe physiological stesx; poor condition
9 Reduced growth rate: reduced rate of development

0-20% morality; increased rate of predation
11 20—40% mortality; reduced size of population
12  40-60% monality; severe habitat degradation
13 60-80% monality

‘14 80-100% monality

“;the presence of disease organisms and other con-
- taminants (see CCREM 1987 for comprehensive

Bt " summaries of the available toxicologicai data for

numerous substances). However, the concentra-
.. tion of the substance and the duration of exposure

-+ -"to that substance are probably two of the most

" important factors affecting the toxicity of the ma-
“jority of environmental contaminants. It was sur-

prising to see that much of the published research

“relating to the effects of suspended sediments has
_ failed to include information on the duraton of
- exposure. Together, the available data led us to

believe either that exposure duration was not con-
"~ sidered to be a relevant factor for assessing the

. impacts of suspended sediments or that there were

“ operational difficulties associated with the collec-
"% . tion of the required data. Regardless of which fac-
" tors have precipitated this information deficiency,
it is our belief that the concentration-response
mode! implicit throughout the literature on sus-
pended sediments is fundamentally flawed.
The primary objective of our article (Newcombe
“and MacDonald 1991) was to evaluate the appli-
cability of the concentration—response model de-
scribed above, As a basis of comparison, a dose-—
response model, consistent with those developed
for other environmental contaminants, was also
described. In this context, dose was considered 1o
be a function of both concentration and duration
of exposure. To support this evaluation, a listing
- .- of the effects that had been reported in the liter-

COMMENTS

ature in association with pollution cpisoda with N

suspended sediments was created. Subsequently,
each of these effects was subjectively ranked in
increasing order of severity (considering the po-
tenual long-term impacts associated with each
endpoint measured) to provide a basis for com-
paring the two models. The results of the regres-
sion analyses performed on these data indicated
that concentration alone was only poorty corre-
lated with severity of effects, whereas dose (mea-
sured as pollution intensity, mg-h-L-!) was more
strongly correlated with ranked effect. From this
information, it was concluded ihat poliution in-
tensity (which was converted to stress index by
taking the natural logarithm) provides a much more
reliable 100l for assessing the severity of environ-

mental effects of suspended sediment episodes than
does concentration alone. However, the regression
equation reported in this study was never meant
tobeusedasapmdxcuvemodcltopreusdya-

timate the nature and severity of effects on aquatic ‘

ecosystems. Indeed, we explicitly stated that the

consxdcrable vanablhty among the data in the lit- |

erature was likely to limit the applicability of the

stress index for predicting precise responses of

aquatic biota to suspended sediment exposures.
Notwithstanding the foregoing discussion, we

have developed a stress index mode! for assessing -

the potential impacts of suspended sediment pol-
lution episodes in coldwater ecosystems. In con-
trast to the interpretation provided by Gregory et
al., however, this model is not represented by the
regression equation reported in Newcombe and
MacDonaid (1991). Rather, the stress index model
(as reported in Newcombe 1986, 1993) was in-
tended to identify ranges of pollution intensities
that are generally associated with three broad cat-
egories of effects in fish and other aquatic organ-
isms, as follows: :

General category of
Stress index effect expected
Sl <6 Behavioral effects
6<SI=<12 Sublethal effects
SI> 12 Lethal effects

Reliability was one of the central issues ad-
dressed by Gregory et al. For this reason, we have
attempted to evaluate the predictive capability of
our stress index model by using an expanded ver-
sion of the database described in Newcombe and
MacDonald (1991). This expanded database (which
now contains 203 records) includes information
on a diverse array of fish species and endpoints
that are relevant to the assessment of suspended

\
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sediment impacts (Newcombe 1993). A revised
ranking system has also been created to more ad-
equately reflect the information that is currently
contained in that database (Table !). As such, a
substantial quantity of data isavailable that relates
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TasLe 2.—Incidence of behavioral, sublethal, and le-
thal effects within the three ranges of pollution intensities
identified by the stress index model. SI =
log{concentration % duration),

) Range of Number | . fect
3:: : suspended sediment intensity to severity of effect. pollution of (%) of cach type of
gres- A preliminary evaluation on the reliability of M3 records Behavioral Subleihal  Lethal
;:ated the model was conducted by determining the in- S <6 30 86.7 133 0

. cidence of each category of effect within the three 5 5 515 12 130 13 420 50.7
oITe Rty o ; St> 12 123 32 20 74.8
mea- § ranges of pollution intensiues identified (Table 2).
more The results of this evaluation indicate that the
. this stress index mode! provides a reliable basis for
n in- predicting the potential of impacts associated with  should be exercised in applying the model to sit-
x by" pollution episodes of various intensities. A very uations outside of the range of conditions from
nore high incidence of behavioral effects (86.7%) was  which it was developed (i.c., from 7 to 300,000
iron- observed within the lowest range of pollution in- mg-L-! and from | min to | year).
than tensities (SI < 6); sublethal and lethal effects were The stress index model is intended to provide
ision observed only rarely within this range. At stress  resource and environmental managers with gen-
jeant indices of greater than 12, lethal effects were ob-  eral guidance for assessing the impacts of sus-
y es- served with the greatest frequency (74.8%), and pended sediments in aquatic ecosystems. In this
Jatic the incidences of behavioral (3.2%) and sublethal  context, the model provides a convenient screen-
! the (22%) effects were relatively low. Therefore, the ing tool for predicting the severity of effects as-
» lit- stress index mode! provides a reliable tool for es-  sociated with poliution episodes of measured in-
[ the timating the potental impacts of suspended sed- tensity. When pollution intensities fall within the
s of iments within these two ranges of pollution inten-  lowes: range identified by the model (SI < 6), only
es sities. However, both sublethal and lethal effects minor biclogical effects are likely 10 be observed.

. were observed between these two ranges, which  Therefore, generally it would not be necessary to
sing indicates that the stress index mode! tends to un-  initiate reguiatory or remedial actions at the site
poi- derestimate the effects of suspended sediments under investgation. However, moderate and se-
on- within the intermediate range of polluton inten- vere impacts on aquatic ecosystems are predicted
vet sities (6 =< SI =< 12). Therefore, care should be  when pollution intensities fali within the moderate

“the exercised in applying this model when pollution  (i.c., 6 = SI = 12) and high (Le., SI > 12) ranges,

3!‘61 intensites fall within this range. Similarly, care respectively. Under these conditons, it is rec.

>de . :

‘ i.”' TAnLE 3. —Summary of recent information on-the effects of suspended sediments on underyearting salmon.

ties

cat- Stress - ——- — o= Servini

) Concen- index Rank and

An- Oncoritynchus tration Durstion (mg-h- of Martens

species (mg:L-!) @)  L-'p Effect et (year)®
Cobo salmon O. kiswch 20 0.0 0 No increase in coughing frequency 0 1992.
300 0.17 3.91 Avoidance bebavior 3 1992

2,460 0.05 4.81 Coughing frequency increased 5 1992

240 24 8.66 Coughing frequency increased S 1992

530 96 10.84 Blood giucose concentrations increased [ 1992

2,460 24 10.99 Faugue of cough reflex 8 1992

1.000 96 11.47 No morrality 10 1991

1d- Sockeye saimon Q. nerka 1.261 96 11.7 Body moisture content reduced 8 1987

. 2100 96 12.21 No mortality 10 1987

v 3148 96 12.62 Trauma in gill tissues evident g 1987

rof Cobo saimon 8.000 96 13.53 1% morality 10 1991

er- 8100 96 13.56 50% morality 12 1991

nd Sockeye 1aimon 9.000 96 13.67 No mortality 10 1987

. : 13.000 9 14.3 90% moruality 14 1987

ich 17.560 96 14.34 $0% mortality 12 1987

on Cobao saimon 23,700 9 14.59 50% mortatity 12 1991

ats Sockeye salmon 23,900 96 14.65 90% mortality 14 1987

co * Stress index = log{concenimuon x durauaal.
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COMMENTS

ommended that further investigations be con-
ducted to evaluate the nature and extent of the
impacts that are actually manifested at the site,
This preliminary information will provide a rel-
evant basis for determining the need for and de-
veloping a remedial acuon plan to protect aquatic
biowa

We concur with Gncgoxy et al. tlm there may
be a need for 2 more precise mode! for assessing
the impacts of suspended sediment pollution in
certain situations (e.g., spawning channel cleaning

operations, etc.). However, it is unlikely that the

existing data would support the development of a
more precise model that could be applied uni-
formiy 10 fish, invertebrates, and aguatic plants.
Moreover, the uncertainty inherent in most of the

“" - monitoring data collected on suspended sediment

episodes in the field (limited numbers of grab sam-

"2 . ples are normally collected over short time peri-

L _ods) would restrict the application of 2 more pre-

" cise model, even if the available toxicological data

e supported its development. Therefore, efforts in

- this area ought to be focused on the establishment

"-"ﬂj‘of quantitative dose-response relationships for
* specific species and life stages of aquatic organ-
~'isms, : .

 To illustrate. this process, a prehmmary dose—

" response relationship specific to underyearling

salmon has been derived. Regression analysis of
the recent data on the effects of suspended sedi-
‘ments on these receptors (data that are indepen-
dent of the original database: Table 3) results in
the following relationship (l-2 =086, N= 17, P
< 0 (115

severity of effect = 0.849 log, — 0.591

s intensity of exposure (mg-h-L-!). These data

confirm that the natural logarithm of suspended
sediment intensity is strongly correlated with

""" ranked effect in underyearling salmon. Although

the slope of the quantitative relationship is similar
to that reported by Newcombe and MacDonald

;. (1991) for saimonids and aquatic invertebrates,
. the intercept is different (—0.591.compared to”

 "+2.179). These data validate the stess index

—

" modei, but indicate that juvenile saimon are some-

‘. what more resistant to the effects of suspended

sediments than the species represented in the orig-
xnal daxa set. We believe that similar “models”

can be developed for other species and life history
stages and challenge researchers in this field to
generate the necessary information.
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Effects of Suspended Sediments on Aquatic Ecosystems

C. P. NEWCOMBE

Environmenial Protection Division, British Columbia Ministry of Environment
810 Blanshard Street. Victoria. British Columbia V8V 1 X5, Canada

D. D. MacDoNALD

MacDonald Environmental Sciences Ltd., 2376 Yellow Point Road. Rural Route 3
Ladvsmith, British Columbia VOR 2EQ. Canada

Abstracr. —Resource managers need to predict effects of pollution episodes on aquatic biota. and
suspended sediment is an imporant variable in considerations of freshwater quality. Despite
considerable research, there is little agreement on environmental effects of suspended sediment as
a function of concentration and duration of exposure. More than 70 papers on the effects of inorganic
suspended sediments on freshwater and marine fish and other organisms were reviewed to compile
a data base on such effects. Regression analvsis indicates that concentration alone is a relatively
poor indicator of suspended sediment effects (r > = Q.14 N'S). The product of sediment concentration
(mg/L) and duration of exposure (h) is a better indicator of effects (# % = 0.64. P < 0.01). An index
of pollution intensity (siress index) is calculated by taking the natural logarithm of the product of
concentration and duration. The stress index provides a convenient 1ool for predicting effecis for
a poliution episode of known intensity. Aguatic biota respond to both the concentration of sus-
pended sediments and duration of exposure. much as they do for other environmental contami-
nants. Researchers should. therefore. not only report concentration of suspended sediment but also

duration of exposure of aquatic biota 10 suspended sediments.

The effects of suspended sediments on fish and
aquatic life have been studied intensively. The
available information on suspended sediment ef-
fects has been collated and analyzed in numerous
reviews of the literature (Cordone and Kelly 1961
Petticord 1980; Alabaster and Liovd 1982). How-
ever, although these reviews are both detailed and
svnoptic, they have not established general pnn-
ciples characterizing environmental etfects of sus-
pended sediments.

In this paper. we review the available literature
in an attempt to identify factors that contribute to
effects of suspended sediments on fish and aquatic
life. This information should provide researchers
with guidance on which data ought to be collected
to develop a verified model of the environmental
etfects of suspended sediment. Experience with en-
vironmental toxicants suggests that severity of ef-
fects 1s related not only to concentration of a sub-
stance. but also to duration of exposure. [n addition.
frequency of pollution episodes. ambient water

on concentration, or that the time frame (although
not explicitly stated) is implied {(e.g., the time re-
quired for eggs to develop into fry). We analyzed
the information available to determine which
model provides better predictive power. the im-
plicit concentration-response model currently in
use or a concentration—duration response modcl
similar to those currently used to assess the cffects
of toxicants.

Data-Base Development

Qur search for a relationship between the mag-
nitude of suspended sediment pollution and sc-
verity of effect involved collation and analysis of
relevant data scattered throughout the literature.
Researchers have reported a diverse assortment
of effects. For the purpose of this assessment. ef-
fects were grouped into one of three catcgonies:

(1) Lethal effects. —Lethal effects kill individual
fish, cause populauion reductions. or damage

S quality. species and life history stage affected. and the capacity of the ecosysiem to produce fish.
the presence’ of disease organisms and other en- This category also includes reductions in pop-
< vironmental toxicants may all affect the toxicity ulation size that are believed 10 be caused by

of a substance. Much of the reporied work on ef-
fects of inert suspended sediments fails to include
information other than concentration and an or-
ganism’'s response. Apparently, many researchers
in this field assume that effects are dependent onty

sublethal or behavioral effects.

(2) Sublerhal effecrs. —Sublethal effects injure the
tissues or physiology of the organism. but are
not severe enough to cause death.

{3) Behavioral ¢ffects. — Behavioral effecis change
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EFFECTS OF SUSPENDED SEDIMENTS ) ’ .73

TaBLE |.—Ranking of effects of suspended sediments
‘on fish and aquatic life.

Rank Description of effect

14 >80 to 100% monality
13 >60 to 80% monality
12 >40 10 60% morality, sev  habitat degradation
11 >20 10 40% rnriatity .
10 Oto 20% m ity

9 Reduction ywth rates
Phe a ... and histological vhanges
Mo ilat degradation
Poor . . .atonoforga m
Impaired homing
Reduction in feeding rates
Avoidance response, abandonment of cover
Alarm reaction, avoidance reaction

Increased coughing rate

LS RS I R VR~ N}

activity patterns or aiter the kinds of activity
usually associated with an organism in an un-
perturbed environment.

Subsequently, effects were ranked according to se-
verity of the effect on fish and aquatic life, as out-
lined in Table 1.

Although many articles deal with inert sedi-
ments and fisheries, we included in this analysis
only those containing information on concentra-
tion of sediment in the water, length of time the
organism was exposed to that sediment, and the
nature of the effect. Many potentially useful arti-
cles lacked one or more pieces of essential infor-
mation and were therefore excluded. In a few in-
stances, missing information was supplied by the
author of the original article or from a second
published source.

Estimates of concentration and duration, or both,
were used in some instances, but only when there
were sufficient additional details in the original
publication, or elsewhere, to do so with reasonable
certainty. Many publications that provided no ex-
plicit measure of time of exposure did include a
sufficiently detailed account of the context and cir-
cumstances of the pollution episode to permit use-
ful estimates of exposure duration. In some in-
stances, when information on the concentration
of sediment in the water was not reported, infor-
mation from authoritative sources other than the
original reference was used. Typically, these out-
side sources provided correlations that permitted
the conversion of turbidity measurements into
concentrations of suspended sediment. In other
instances, authors provided additional informa-
tion in the form of personal communications. The

rationale for each estimate of time and concentra-
tion are contained in Newcombe (1986).

Effects on Salmonid Fishes

There is a substantial body of knowledge about
effects of suspended sediments on salmonid fishes.
Previously published reviews (Cordone and Kelly
1961;Sorensenetal. 1977; Langer 1980; Alabaster
and Lloyd 1982) indicate that salmonid fisheries
can be affected by inert sediment (1) acting directly
on free-living fish, either by killing them or by
reducing their growth rate or resistance to disease,
or both; (2) interfering with the development of
eggs and larvae; (3) modifying natural movements
and migrations of fish; (4) reducing the abundance
of food organisms available to the fish; and (5)
reducing the efficiency of methods used for catch-’
ing fish. Tables 2—4 summarize the literature per-
taining to lethal, sublethal, and behavioral re-
sponses of salmonid fishes to suspended sediment. -

Effects of Aquatic Invertebrates

Benthic invertebrates in streams can be affected
by elevated levels of suspended sediment in sev-
eral ways. First, many benthic invertebrates are
grazers and depend on periphyton for food. Any
change in suspended sediment concentration that
adversely affects algal growth, biomass, or species
composition can adversely affect secondary pro-
duction. Other invertebrates are filter feeders. In-
creases in suspended sediment levels tend to clog
feeding structures, reduce feeding efficiency, and
therefore reduce growth rates or stress or kill these
organisms (Hynes 1970). Second, invertebrates that
inhabit exposed streambed substrates are subject
to scouring, which can damage exposed respira-
tory organs or make the organism more susceptible
to predation through dislodgment (Langer 1980).
Table 5 is a compilation of information on effects
of suspended sediment on aquatic invertebrates.
These data suggest that aquatic invertebrates are
at least as sensitive to high levels of suspended
sediment as salmonid fishes, and perhaps more so.

Effects on Periphyton

Effects of suspended sediment on algae are likely
primarily related to its effect on light penetration.
However, high levels of suspended sediment in
conjunction with high flow rates can scour algae
off streambed substrates and thereby reduce pe-
riphyton biomass (Alabaster and Lloyd 1982). In
addition, increases in nutrients or toxic com-
pounds, or both, adsorbed on suspended sedi-
ments can alter growth rates and biomass of algae.
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TasLe 2.—Summary of data (in situ observations) on exposures to suspended sediment that resulted in lethal
responses in salmonid fishes. Within species groups, stress indices are arranged in increasing order. For exposure,
C = concentration (mg/L) and D = duration (h).

Stress
Exposure index Rank
{log, of
Species? C D [C x D)) Effect effect Source
Arctic grayling
Arctic grayling 25 24 6.397 6% monrtality of sac fry 10 Reynolds et al. (1988)
23 48 7.007 14% monality of sac fry 10 Reynolds et al. (1988)
65 24 7.352 15% monality of sac fry 10 Reynolds et al. (1988)
22 72 7.368 15% mortality of sac fry 10 Reynolds et al. (1988)
20 96 7.560 13% mortality of sac fry 10 Reynoids et al. (1988)
143 48 8.834 26% morality of sac fry 11 Reynolds et al. (1988)
185 72 9.497 41% monality of sac fry 12 Reynoids et al. (1988)
230 96 10.002 47% monality of sac fry 12 Reynolds et al. (1988)
20,000 96 14.468 10% monrtality of age-0 10 McLeay et al. (1987)
fish
100,000 96 16.077 20% mornality of age-0 10 McLeay et al. (1987)
fish
Salmons
Chinook salmon 488 96 10.755 50% mortality of smolts 12 Stober et al. (1981)
(high T°C)
Coho salmon 509 96 10.797 50% monality of smolits 12 Stober et al. (1981)
(high T°C)
Chinock and sockeve 1,400b 36 10.827 10% monality of juve- 10 Newcomb and Flagg (1983)
salmon niles
Coho salmon 1,200 96 11.654 50% mortality of juve- 12 Noggle (1978)
nites
1,217 96 11.668 50% monality of pre- 12 Stober et al. (1981)
smolts (high T°C)
Chinook and sockeve 207,000° 1 12.240 100% mortality of juve- 14 Newcomb and Flagg (1983)
salmon niles
9,400 36 12.732 50% montality of juve- 12 Newcomb and Flagg (1983)
niles
Chum saimon 97 3,9120 12847 77% morality of eggs 13 Langer (1980)
and alevins
1 3,912° 12,981 950% mortality of eggs 14 Langer (1980)
and alevins
Chinook and sockeye 82.000 6 13.106 60% monuality of juve- 12 Newcomb and Flagg (1983)
salmon niles
Coho salmon 18,672 96 14.400 50% monality of pres- 12 Stober et al. (1981)
moits
Chinook salmon 19.364 96 14.436 50% monality of smolts 12 Stober et al. (1981)
Chum salmon 28.000 S6 14.304 50% monality of juve- 12 Smith (1939)
niles
Coho salmon 28,184 96 14811 50% monality of smolts 12 Stober et al. (1981)
29,580 96 14,859 50% mortality of smoits 12 Stober et al. (1981)-
35.000° 96 15.027 50% mortaiity of juve- 12 Noggle (1978)
niles
Chinook and sockeve 39,400 36 15.145 90% morality of juve- 14 Newcomb and Flagg (1983)
saimon miles
Chum salmon 55,000 96 15.479 50% mortality of juve- 12 Smith (1939)
niles
Whitefish
Whitefish 16,613 96b  14.282 30% monality of juve- 12 Lawrence and Scherer (1974)
niles
Trouts
Rainbow trout 200¢ 24 8.476 5% monality of fry 10 Herbert and Richards (1963)
7 1.152 8.995 17% reduction in egg-to- 10 Slaney et al. (1977b)
fry survival
21 1,152 10.094 62% reduction in egg-to- 13 Slaney e1 al. (1977b)
fry survivai
200¢ 168 10.422 8% monality of fry 10 Herbert and Richards (1963)
90 456 10.622 5% mortality of sub- 10 Herbert and Merkens (1961)

adults
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TasLE 3.—Summary of data on exposures to suspended sediment that resulted in sublethal responses in salmonid
fishes. Within species groups. stress indices are in increasing order. For exposure. C = concentration (mg/L) and

D = duration (h).

Stress
index Rank
Exposure (log,- “of
Species? C D [C x DY) Effect - effect Source
Arctic grayling
Arctic gravling 100 1 4.605 Reduction in feeding rate 4 McLeay et al. (1984)
100 1.008 11.521 6% reduction in growth rate 9 McLeay et al. {1984)
300 1,008 12.620 Physiological stress 8 McLeay et al. (1987}
300 1,008 12.620 10% reduction in growth rate 9 McLeay et al. (1987)
1,000 1,008 13.823 33% reduction in growth rate 9 McLeay et al. (1987)
Salmons
Coho salmon 14 1 2.639 Reduction in feeding efficiency 4 Berg and Northcote (1985)
: 100 1 4.605 45% reduction in feeding rate 4 Noggie (1978)
250 I®  5.521 °  90% reduction in feeding rate 4 Noggle (1978)
300 16 5,704 Feeding ceased 4 Noggle (1978)
53.5 12 6.465 Physiological stress, changes in 8 Berg (1983)
. behavior
Chinook salmon  1.5-2.0¢ 1,440 7.832 Gill hyperplasia. poor condition 8 Anderson, U.S. Fish and Wild-
of fry life Service, personal commu-
nication
6¢ 1,440 9.064 Reduction in growth rate 9 MacKinlay et al. (1987)
75 168° 9,441 Harm to quality of habitat 7 Slaney et al. (1977a)
844d 336 10.248 Reduction in growth rate 9 - Sigler et al. (1984)
1.547 96 11,908 Histological damage 10 gills 8 Noggle (1978)
Trouts
Cutthroat trout 35 2 4.248 Feeding ceased, cover sought 4 Bachmann (1958) .
Rainbow trout 500 9 8.412 Physioiogical ill effects 8 Redding and Schreck (1980)
171 96 9.706 Histological damage 8 Goldes (1983)
Steelhead 844 336 10.248 Reduction in growth rate 9 Sigler et al. (1984)
Rainbow trout 50¢ 960> 10.779 Reduction in growth rate 9 Herbert and Richards (1963)
SOf 960% 10.77% Reduction in growth rate 9 Herbert and Richards {(1963)
Trout 270 3128 11.341 Histological damage to gills 8 Herbert and Merkens (1961)
Rainbow trout 50¢ 1.848 11.434 Reduction in growth rate 9 Sykora et al. (1972)
5.000- 168 13.641- Fish survived, but gill 8 Slanina (1962)
300.000 17.736 epithelium harmed
Brook trout 12¢ 5,880 11.164 Reduction in growth rate, 9 Sykora et al. (1972)
: ' reduced condition [
100¢ 1,176% 11.675 Reduction in growth rate 9 Sykora et al. (1972)
24¢ 5.280 11.736 Reduction in growth rate 9 Sykora et al. (1972)

3 Scientific names: cutthroat trout, Oncorhvnchus clarki: steelhead = anadromous rainbow trout; brook trout, Salvelinus foninalis.

b Estimated.

¢ Lime-neutralized iron hydroxide.

4 Fire clay. -
¢ Coal dust.
fWood fiber.

poorly correlated with the ranked response of
aquatic biota (r? = 0.14, NS). Regression of the
natural logarithm of suspended sediment intensity
against ranked response was more strongly cor-
related (r* = 0.64, P < 0.01). This analysis suggests
that suspended sediment effects on aquatic eco-
systems can be better predicted with a concentra-
tion—duration response model developed from the
available information.

Stress Index

Pollution episodes reporied in the primary lit-
erature span a wide range of suspended sediment

concentrations and exposure times. The range of
the product of these two variables (concentration
and duration of exposure) is even larger, spanning

-many orders of magnitude. To comprass this range

and provide numbers of manageable size, the nat-
ural logarithm of the product was taken as an index
of severity, which we refer to as a stress index.
The considerable variability among data in the
literature limits our ability to test the stress index
for predicting precise responses of aquatic biota
1o exposures 1o suspended sedirment. Variables in
the data include, but are certainly not limited to.
species, life history stage and physiological con-
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TABLE 5.—Summary of data on the effects of suspended sediment on aguatic inveriebrates.

Stress
Exposure index Rank
(log. of
Taxon C D [C x DD Effect effect Source
Zooplankton 243 0.15 1.281 Reduced capacity to 4 McCabe and O'Brien (1983)
assimilate food
Benthic 8 2.3 2.996 Lethal: increased rate 10 Rosenberg and Wiens (1978)
inveriebrates of dnift
Macro 33-92 243 7.462 Lethal: reduction in 10 Gammon (1970)
inveriebrates population size
Benthic 1,700 2 §.132 Lethal: alteration in 10 Fairchild et al. (1987)
invertebrates community struc-
ture and drift pat-
terns
Zoabenthos 10-15 7208 9.105 Lethal: reduction in 10 Rosenberg and Snow (1977)
standing crop
Benthic 8 1.440 9.352 Lethal: up 10 50% re- 12 Rosenberg and Wiens (1978)
invertebrates duction in standing
crop
Cladocera 82-392 722 9.745 Lethal: survival and 12 Roberison (1957% from Alabaster
reproduction and Lloyd (1982)
harmed
Benthic fauna 29 7202 9.947 Lethal: populations 14 M.P. Vivier. personal communit-
of Trichoptera. cation in Alabaster and Llovd
Ephemeroptera. (1982)
Crustacea, and
Mollusca. disap-
. pear
Benthic 16 1.440 10.045 Lethal: reduction in 12 Slaney et al. (1977b)
invertebrates standing crop
Cladocera and 300-3500 72 10.268 Lethal: gills and gut 14 Stephan (1953) cited in Alabaster
Copepoda clogged and Lloyd (1982)
Benthic ) 32 1.440 10.738 Lethal: reduction in 12 Slaney et al. (1977b)
invertebrates standing crop )
Zoobenthos >100 6722 11,115 Lethal: reduction in 12 Rosenberg and Snow (1977)
standing crop
Benthic 62 2,400 11.910 Lethal: 77% reduc- 13 Wagener and LaPernere (1985)
invertebrates tion in population .
size
77 2.400 12,127 Lethal: 53% reduc- 12 Wagener and LaPermere (1985)
tion in population
size
Bottom fauna 261-3%0 7202 12.365 Lethal: reduction in 12 Tebo (1953)
population size
Benthic 390 7202 12.545 Lethal: reduction in 12 Tebo (1955)
invertebrates population size
278 2.400 13,411 Lethal: 80% reduc- 13 Wagener and LaPerriere {1985)
tion in population
size
Stream 1300 8.760 13.945 Lethal: 40% reduc- 14 Nuttall and Bielby (1973)
invertebrates tion in species di-
versity
Benthic 743 2,400 14.394 Lethal: 85% reduc- 14 Wagener and LaPermiere (1985)
invertebrates tion in population
size
5.108 2,400 16.322 Lethal: 94% reduc- 14 Wagener and LaPermiere (1985)
tton in populauon
size
Stream 25.000° 8.760 19.204 Lethal: reduction or 14 Nuttall and Bielby (1973)
invertebrates '

elimination of
populations

2 Esttmated.
b China clay.

caveritv of Imnact (Ranked Response)

e ites nb tmannnt (Qanlrad Racnancasl
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improve as more and better information on effects:
of suspended sediment on aquatic biota become
available.

Future research in this field ought to be reported
in terms of concentration of suspended sediment,
duration of exposure, and response. In this way
our ability to predict the environmental effects of
pollution events will be improved. In addition,
studies ought to concentrate on dissociating the
effects of exposures to suspended sediment from
the confounding effects of other variables.
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Abstract. —Our meta-analysis of 80 published and adcquau:ly documcnu:d rcpon.s on fish re-
sponses to suspended sediment in streams and esmaries has yicided six empirical equations that
relate biological response to duration of exposure and suspended sediment concentration. These ° F
equations answer an important need in fisheries management: quantifying the response of ﬁshs
to suspended sediment pollution of streams and estuaries has been difficult historically, and Lhc v i
lack of a reliable metric has hindered assessment for risk and impact for fishes subjccwd to excess | ‘ -
sedimentarion. The six equations address various taxonomic groups of lotic, lentic, ‘and esmarine -
fishes, life stages of species within those groups, and particle sm:s of suspended sediments. ‘D:c
equations all have the form

'_ 2 =a + b(logx) + c(log,_y).

! o :
z is severity of ill effect, x is duration of exposure (h), y is concentration of suspended sedxmcnl P
(mg SS/L), a is the intercept, and & and ¢ are slope coefficients. The severity of ill effect (2)is = =~

delineated semiquantitatively along a 15-point scale on which is superimposed four “decision™
categories ranging from no effect through behavioral and sublethal effects to lethal consequences
(a category that also includes a range of paralethal effects such as reduced growth rate, reduced -
fish density, reduced fish population size, and habitat damage). The swudy also provided best.
available estmates of the onset of sublethal and lethal effects, and it supported the hypothesxs )
that susceptible individuals are affected by sediment doses (concentration X exposure duration)
lower than those at which population responses can be detected. Some species and life stages
show ‘“‘ultrasensitiviry” to suspended sediment. When tested against data not included in the
analysis, the equations were robust. They demonstrate that meta-analysis can be an important xool .
in habitat impact assessment.
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' v
R

for sediment and aguatic organisms have been lim-
ited in several ways. First, initial zmalysa were
based on pooled data (Newcombe 1986; Ncwcom-
be and MacDonald 1991). Second, the databa.sc
available for those analyses embraced a wide M',.
onomic range from phytoplankton to fish. Third,

While it is now generally accepted that the se-
verity of effect of suspended sediment pollution
on fish increases as a function of sediment con-
centration and duration of exposure, or dose (the
product of concentration and exposure time), at-
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the database contained little information about par-
ticular species and life stages. The resuiting dose—
respoase madel for aquatic ecosystems (Newcom-
be 1986; Newcombe and MacDonald 1991) estab-
lished a general principle, but this mode! was held
w be too imprecise to help fishery and habitat
managers address loc:u sediment probleuu (Gr:g-
ory e al. 1993). -
In an effort to refine the general dose—mponse
model, MacDonald and Newcombe (1993) extract-
.7 . ed and analyzed data for juvenile saimon from the
. ; recent literature. These data yielded an equation
-7 similar to the one for pooled data, but the two
- curves differed in important ways. This finding
- established a need to revisit the dose—response da-
' tabass so that models could be tailored ta partic-
-ular groups of fishes as functions of taxonomic
group, natural history, life history phase, and pre-
dominant sizes of the sediment particles respon-
sible for ill effects (Newcombe 1994). We bave
eadeavored to meet this need and present a meta-
analytc synthesis of dose-response data in this
paper. Insofar as this research provides new un-
derstanding of channel sediment impacrs, it leads
to discussion of potendal changes in the methods
and goals of quantitarive impact assessment. Spe-
cificaily, the resuits (i) suggest the need to chaage
"the methods of data collecdon for environmentat
law eaforcement, (ii) demonswmate the value of
meta-analysis as a research method in fisheries
habitat impact assessmeat, and (iii) prompt an ex-
- pression of concern about land use practices and
protection of instream, riparian, and upiand zones.

Methods

'ﬂm study is based on 264 dawa triplets con-
sistng of (i) suspended sediment concenrrauon.
(ii) daradon of expasure, and (iii) severity of ill
effect for fishes. These data were taken from a
comprehensive  literature review  (Newcombe
1994; Newcombe et al. 1995). Supportiag data ex-
tracted from the review included taxonowmic group,
species of fish, natural history, life history phase,
and sedimeat particie size range.

We define dose as ct ration of suspended
sediment (SS) times duration of cxpasure; dose has
the mits mg $S-h-L-!. The natural logarithm of
dose i3 termed the stress index (Newcombe 1986,
1994; Newcombe and MacDonald 199); MacDon-
ald and Newcombe 1993). Response is the severiry
of ill effect, described below. The dose—respoase
‘mamix, which.is the basis of data presentation in’
this report, encompasses ail combinasions of sed-
2 ‘_mcuncenmnon (1-500.000 mg SS/L) and ex-
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. porosity of spawning g;

TaBLE |.—Scaie of the severity (SEV) of ill effecs
associated with exceas suspended sediment,

SEV Dexcription of effect
NU effect
0 No benaviaral cffects
Behaviorsl effecsy
“q ! . .
2 . Abundosmest of cover
3 Avoidance response
Sablethal effects
4 Short-ierm rednction in feeding rates:
shori-eexem reduction ia feeding success
3 Minor plirysiological oress:

] Moaderas physiological srens
7 Mok habit degrad
8 Indicar of major pir e

1" >20-40% morality
12 >40-60% moralicy
13 >60-30% moruliry
14 >80-~100% moraliry

posure durarion (1-35.000 h). Except when it re-
fers specificaily to duradan, we use “‘exposure”
broadly to include dose, particle size, and other
potendal contributors to stress on fishes. [n most
cases. data on particle shape and roughness and
on water (emperature were lacking.

Severitv-of-lll-Effect Scale

As before (MacDonaid and Newcombe 1993:
Newcombe 1994) and in a nearly identical way.
we scored qualitative response data along a semi-
quantitative ranking scale (Table 1). Superimposed
on a 15-point scale (0-~14) were four major classes
of effect: (i) nil effect, (ii) benavioral effects. (iii)
sublethal effects (a category that also includes ef-
fects such as short-term reduction in feeding suc-
cess), and (iv) lethal effects (direct monality. of
its paralethal surrogates—reduced growt, e
duced fish density, habitat damage such as reduced
[ delayed hasching, and
reduction in popuiation size), When these various
effects could be Compared directly, poilution ep

' "isodes associated with sublethal or lethsi effects

TG al S '.'
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Tasl il

also degraded habitat and reduced population siz
which is why these seemingly disparate ill effe<
are grouped together in the hierarchy. For ever
between the extremes of nil effect and 100% m¢
tality, we assumed for modeling purpases that ¢
severity-of-ill effects (SEV for “severity™) sc=
represents proportional differences in tue effec

. We now incorporate all feeding reductions
thz ciass of subiethal effects, and we sct the bour
ary between short-term and long-tem redm_:uc
in feeding success at 2 h. In practice, reports
long-term disruption of feeding rates escomp:
800 h and more. We consider all feeding redactic
10 be sublethal cffects (unless feeding regn-tic
can be linked to siow growth whea wet %
as paralethal effects) because they reflec. .=
change in fish behavior than reduced availabii
of food and reduced visnal hunting range.

Along the SEV scale, habitat damage ran:
from moderate to severe. Habitat damage can
characterized in biological or physical terms
both of these in conjunction. Biological manif
tations of habitat damage inciude underutilizat
of stream habitat (Birtwell et al. 1984), aband
ment of traditional spawning habitar (Hamil
1961), displacement of fish from their hab
(McLeay et al. 1987), and avoidance of hab
(Swenson 1978). Physical.-manifestations inci
degradation of . spawnming habitat (Slaney et
1977b; Cederholm et al. 1981), damage to hat
stucrure (Newcomb and Flagg [983; Menze
al. 1984), and lass of habitat (Menzel et al. 1¢
Coats et al. 1985). Biophysical manifestacion
excess SS are reported (in one rypical example
habitat degradation that reduces the relatdive
.cess of one or more fish species that depenc
low siltation rates and silt-free (<3% silt) A
(Berkmann and Rabeni 1987).

Habitat degradation can be inferred by (1)
dence of increased mormlity at any stage in 2 f
life cycle (egg-to-fry survival may decrease
result of increased sedimentadon: J. LaPerr
University of Alaska, personal communicat
_ (ii) avoidance behavior by fishes (Suchanek ¢
19844, 1984b), (iii) reduced abundance of in:
and reduced quality of rearing habieat (Slan:
al. 197TY), (iv) decreased size of zoobemmc
ulations (Gammon 1970; Raosenberg and £

. --1977), (v) reduced uility of spawni :
; (Hamilton 1961), (vi) delsyed hawhing— 4

and Wnp 1973), and (vii) disruption of ho

‘behavior and homa water preference (Brasa

al. 1981; Whitman ct al. 1982).

Rahnve memy ol babitat damage isace
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which is why these seemingly disparate ill effects

. are grouped logether in the hierarchy. For events

between the extremes of nil effect and 100% mor-
tality, we assumed for modeling purposes that the
severity-of-ill effects (SEV for **severity’) scale
represents proporuonal differences in oue effects.

We now incorporate all feeding reductions in

4 the class of sublethal effects. and we set the bound-

ary berween short-term and long-term reductions
in feeding sucecess at 2 h. [n practice, reponts of
long-term disruption of feeding rates encompass
800 h and more. We consider all feeding reductons
10 be sublethal effects (unless feeding reducuons
can be linked to slow growth when we treat them
as parajethal effects) because they reflect less a
change in fish behavior than reduced availability
of food and reduced visual hunting range.

Along the SEV scale, habitat damage ranges
from moderate to severe. Habirat damage can be
characterized in biological or physical terms or
both of these in conjuncton. Biological manifes-
tations of habitar damage include underutlization
of stream habicat (Birtwell et al. 1984), abandon-
ment of traditional spawning habiwat (Hamiiton
[961), dispiacement of fish from their habitat
(McLeay et al. 1987), and avoidancs of habitac
(Swenson 1978). Physical manifestations inciude
degradation of spawning habitat (Slaney et al.
197Th; Cederholm et al. 1981), damage 10 habizat
strucrure (Newcomb and Flagg 1983; Menzel et
al. 1984), and loss of habitat (Menzei et al. 1984;
Coars et al. 1985). Biophysical manifestations of
excess SS are reported (in one typical example) as
habitat degradation that reduces the relative suc-
cess of one or more fish species that depend on
low siltanon rates and silt-free (<3% sit) Affles
(Berkmann and Rabeni 1987).

Habitar degradadon can be inferred by (i) evi-
dence of increased mortality at any stage tn a fish's
life cycie {egg-to-fry survival may decrease as a
result of increased sedimentation: J. LaPerriere,
Universicy of Alaska, personal communication),
(ii) avoidance behavior by fishes (Suchanek et al.
1984a, 1984b), (iii) reduced abundance of insects
and reduced quality of reaning habitat (Slaney et
al. 1377b), (iv) decreased size of zoobenthic pop-
ularions (Gammon 1970: Rosenberg and Saow
1977), (v) reduced utlity of spawning habitat
(Hamilton 1961}, (vi) delaved hatching (Schubel
aind Wang 1973), and (vii) disruption of homing
behavior and home water prefereace (Brannon et
al. 1981; Whitman ez al. 1982).

Relauve seventy of habitat damage i3 3 conun-

-
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uum on a two-dimensional plane (SS concentration
X duration of SS exposure) in which an event may
be minor (ephemeral or low SS concentragon or
both), or major (long term or high SS concentra-
trton ar both), or anywhere berween these extremes.
Severe habitat damage has been described by var-
ious authors, some of whom used aquardc inver-
tebrates as indicators (Herbert and Richards 1963;
Yaughan 1979; Vaughan et al. 1982; Menzel etal.
1984; Wagener and LaPeriere 1985). Severiry of
habitat damage caused by excess SS sometimes
has been reported in terms of the length of time
required for the sweam to rerurn to.its namral
state—sometimes as long as 15-20 years (esu-
mated) after extensive coal mining (Vaughan et al
1982). - '
" The distncnon between moderate and severe
habitat damage is a2 manter of degree that sdll has
not been delineated exactly. Severe habitat damage
can be-characterized in its exreme by the absencs
of fish where fish normally are found or by sub-
stantial reduction in fisn popultion size, as was
documented for brown rtrout by Herbert et al
(1961). (Sciendfic names of fish species are given
in Table 2.) A pollution event that results in the
depasition of suspended sediment in or on spawn-
ing habttat duning egg incubaton might be con-
sidered “‘moderately severe” if the area affected
were 2 small poruan of the total available. On the
other hand. chronic or acute SS pollution that caus-
es substantuial reduction in the size of riverine fish
populations (Herbert et al. 1961: Stober et al
1981) should be considered to represent “severe™
habitar damage. Likewise. major SS polludon that
results in cxtensive deposiuon. of sediment on
spawning grounds shouid be characterized as se-
vere habitat damage because its effects could re-
ducs the strength of an ennre vear-class,

Habitar damage is a valid description of the
harm caused by SS poilution, but it is probably an
abstraction insofar as ill effects operate on one or
more life stages of a fish’s life cycle. Age-specific
morbidity and mortaliry rates are fundamental to
the nonon of habitac damage. For exampie, habiat
damage may manifest ttseif as foregone opporm-
nity for fish to use a portion of a soream. Reduced
suitabiliry of habitat could result in increased age-
specific morbydity and maortality rates, or both, de-
pending on the focus and merhods of a sudy. Hab-
itat damage, therefore, shouid be seen as an ac-
cumulatve measure of numerous (potentally uva-
documented) ill effects at vanous stages in a fixh's
life cycle. [t is a unique phenomenon in that it can
only be studied in the field (in coatrast to direct
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4E ecu—qe-syeaﬁc morbidiry and mortality, for
e;m;h—-dm can be'studied in the laboratory as
-well 2t in the ﬂe!d) ‘Thus the documented harm
caused by excess Ss—cpecuuy when it is not
known by direct. .observarion to have caused an
mun in morblduy or mortality rates—can rea-
wu.blybe&nwmzed in more general terms as

modeling. The groupmgs arose from var-

Bl

seve::ll Mmgs were uo( exclusxvely one or the

é‘?‘ Lﬂi :lp.—-ufc sages were allocated among‘
= wmqgs. larvae (recently hatched fish,
lldm"nlk-nc fry, that had not passed through
metanorphosis); Juveniles (fish. including
smolts; that had passed through larval
lzm,zen sexually immature}, and
iadlife hhrv—-Emirme species were catego-
i35 tized sepately-from anadromous and freshwater
speaes.llbugh these two groups were cambined
for early hifs stages. - e ,
"‘*Sd-u'nrddc size.—The predominant sizes
supuﬂ sedxmem particles- reported in the
dlnbue I'-nnne mged up to 250 um. We col-
Iated sizes ino two categaries separated at 75 pm.
Fbupuudumm:ﬂerman 75 wm, small
enough to pasy “through. gill membranes into in-
teriamellar spaces of gill tissue. This category in-
 cludes clay, zilt, and very fine sand particles (Az-
nﬂmnn Cmxda 1974). Coarse particies were 75~
‘250 piv in dameter, large enoegh to cause me-
‘Shanical abeasion of gills, This size range includes
very fine 10 fise sand particles.
- The six dma groups for which we developed
3. < models follw Speexu in each group are listed in
. :Table 2. . o *
. Group 1: puulc and aduls salmonids: particle
sizes 0.5-250 pm.—Group | (N = 171 studies or
experimental wmis) includes Atlantic and Pacific
salmon, trout, Arctic grayling, mountain whitefish,
_'lld rainbow smeit (3 nonsalmonid). Some studies
deait with fime sediment ag caiegonzed sbove,
- 'some withy’ cowe sediment, and some with both.
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TABLE 2.—Common and scientific names of fish species
mdomeuumenumedm!hupapcrmmcmx
effects model(s) to which they contributed. Species
mtbouumeddnnmbawerenauedmmmodd.

Common came Scienfic narne Modet
Asnchovy (bay) Anchoa wischilll »
Bass (larpemonuth) Micropurut saimoides [}
Bess {smnalimouth) Micropeerus dolowien
Bams txriped) Morone sazaviliy - - 45
Bloegill Laepamis macrochir [
Cxrp {common} Cyprinuy carpio 6
Cunner " Tawsogolabeus admpernes §
Doy Percidan: incindes [}

amomocuiarur®
Fah (Genns andt m F]
obecure)
Fish (warmwater) {Gey and species 54
: obacare) -
Goldfish Carassius axrarus 6
Crayling {Asctic) Thymalins arcricus =4
Herring (Adsanc) Clupea Aarengus LS
Herring (lake) Corepomuy arvedi 4
Hexring (Pacific) ‘Clapea pallasi 4
Hopehoker Trinecres macularus 5
)amm (striped) Funduius majaiis 3
(Adlantic) a ia P
Mamnow (sheepaboad) Cyprinodon warispares 58
Mummichog Funduins heverocviing 5
Perch (whise) Morone amervicana 45
Perety (yetlow Perca favercens 4
Rasbors (hariequin) Rasb Aesere Pha ]
Saimon (Genus snd wpecies “12s
obscure}
Salmon (Atlansic) Saimo smiar 12
Saimoe (chinook) Oncorirwnchus aiawyscha  1=3
Satmon (chum) Oncorirwechus tewa 134
Salmon (caho) Oncorrmchus binuch 134
Saimon {Pacific) Oncorirechas spp. 12
Saimon (sockeye) Oncorynchus serka i=3
Stead { American) Alosa sapidisrie 43
Silveraide {Atlannc) Menidia memidia »
Soett horer) 0. mordas 12
Spat Laiossomus zanshurag 5
Steeihead Oncorrvnchus wrvkise Jd
(anadromots)
Suckleback ((ourspane) Apeires quadracus b
Stickieback (Ureetpine) Carreronews acweiorur 3
Sunfith (greca’ Lepowus cvameliug ]
Sunfith (redear) Lepomus microlophss §
Toxdfish (oywer) Opsanus wn 5
Trom {Genas and species 124
obscure)
Trout (brook) Saiveiimes fomnnalis 1=
Trout (brown) Saimo rruna 12
Trout ( Oncoriy clard 12
Troat {Lake) Satveiinus nomevcash 12
Trout (runbow) Oncoryncius mykiss 1—-
Trous (-a) (Getus and tpacies 12
obsciure)}
Whitefish (llh) Coregowaus clupeasormes 1

Whilsfish (mountain)

Prosopuum. wiilismsom

‘A reistively wnnove specics used io the empincal moosl fof

SHuanne LpacieL,

* Creek chube are included with darcers here becsose the reievant
study (Veughan & ol | 978) referred o fsh

m

| tecams whers ciubs and danvs were reporwd 1o live.

Tuul—kmhnmch::dmdﬁmwmx
(62 lj-pommle)mdmmmdw(z.h)m:ma
+ bllogz) + cflogyy ~ b

aat

Agerit
S
A
FW
Foc
T man. Ax pos Slopes and «
lmerecpt(a) - c.  3us 16814
Slope of og.c(b) T ) o416
Somof logyic) ' LATIM 07363
o S 53‘
- Coefficiem of B
- W(r‘) - 6009 08173
Fesasisne 1023 237
Protabidity (7) <0.01 <0.0!
Sampie s (N) m &
*S = saimomd EN =
'A-MJ-ML-“E-m
CFW = freshy e

F w ﬁm(wmnyds m:c-mﬂkL‘oML
¢ Carrected for degrees of froedam. -

Group 2: adult salmonids; particle sizes 0.5-250
um.—Group 2 (N = 63) is a subset of group 1.

Group 3: juvenile salmonids: particle sizes 0.5~
75 uwm—Group 3 (N = 108) is a subset of group
1. In a few cases, sedlmem sizes were as large as
150 pm. ) : \"?"

Group 4: egg: and larvae of:dmomd: and non-
salmaonids: particle sizes 0.5-73 pm.—Group 4 (¥
= 43) includes saimonids that do not bury their
eggs. Nonsaimonids comprise species that spawn
in rivers, lakes. and estuaries. Sediment sizes ex-
ceeded 7S um in a few studies -

Group 5. adult estuarine nowsalmonids; parricle
sizes 0.5-75 um.—Group § (N = 28) includes sev-
eral species believed to be paticularly seasitive
1o the effects of suspended sediment; these are
footnoted in Table 2 Some gt sediments ex- by
ceeded 75 wm. - R

Group 6: adult freshwater nomsaimonids; par-
ficle sizes 0.5~75 pm.—Group § (N = 22) includes
both lentic and lote species: hmcle sizes ex- fo
ceeded 75 um in some cases. . s

For cach group. the sevemy of effect (SEV, an
[5-paint scale, 0-14) was regressed on suspended  d<
sediment dose {exposure duration '(ED, bl and sus- T
pended sediment concentraton (mg SS/LI). Pr #
liminary anaiyses indicated that jogarithmic trapss.. J¢
formations of ED and conccnu'lﬁm provided suit-  dic

P G I

AP <o

ibly linear relations of the fam.d va.
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PISH RESPONSES TO SUSPENDED SEDIMENT

697

TAME 3. —~—Amributes, siopes and cocfficients. and sadsdes of six models that reiate seventy of ill effect on fishes
(2 15-pomt scaie) 10 curation of exposure (x, h) and concenmanom of suspended sediment (y. mg/l) in the form : = a

+ blogx) + cllagy).

Mooe]

Iomercept (a)
Slope of log, £ (4)
Slops of log,¥ (¢)

Cocficten of
Seserromnacon® {r3)
Foasisoe .
Probability (£)
Sample 122 (V)

0.6009

13022

<0.01
m

'S - lyp N =

md
‘F = fom (predommandy <75 umy C = coarse (75250 um).
* Carrecaed for degrees of freedom.

Group 2: adult saimonids; parricie sizes 0.5-250
pm—~Group 2 (N = 63) is a subset of group 1.

Group 3: juvenile saimonids: particle sizes 0.5~
75 pm——Group 3 (N = 108) is a subset of group
1. In a few cases, sediment sizes were as large as
150 pm.

Group 4: eggs and larvae of salmonids and non-
salmonids: particle sizes 0.5-75 pm.—Group 4 (¥
= 43) includes salmonids that do not bury therr
eggs. Nounsaimonids comprise species that spawn
in rivers, lakes. and estuaries. Sediment sizes ex-
ceeded 75 pm in a few smdies.

Group 5: adulr estuarine nonsalmonids: particle
sizes 0.5-75 pm —~Group 5 (N = 23) includes sev-
eral species believed to be partcularly sensitive
10 the cffects of suspended sediment: these are
foomoted in Table 2. Some test sedimests ex-
ceeded 75 pm.

Group 6: adult freshwater nonsalmonids: par-
ticle sizes 0.5-75 pm.—Group & (N = 22) includes
both {entic and louc species. Particle sizes ex-
ceeded 75 um in some cases.

For cach group, the severity of effect (SEV.
15-point scale, 0~i4) was regressed on suspended
sediment dose (exposure duration (ED. h} and sus-
pended sediment concenwauon {mg SS/LJ). Pre-
liminary analyses indicated that loganthmic Tans-
formations of ED and concentradon provided suit-
ably linear relations of the form

SEV = a = b(log .ED) + c{log.mg SS/L):

intercepts {a) and slope coefficients (b and ¢)
emerged from the fiing exercise. Commercial
software was used for the regressions (TableCurve
3D: Jandel Scientfic). Coefficients of determina-
tion (~) were adjusted for degrees of freedom (7
= | ~ {[sum of squares due to error}/[sum of
squares around the mean]). The sofrware also gen-
erated F-stagdstics, P-values, and 95% confidence .
intervals around the SEVs. Although arithmenc
values for exposure duration and concenmaton are
aiso given in the Resuits and in the Appendix. the
models we present are based on loganthmic trans-
formanons. '

The regressions, having besn finted to the data,
become predictve models of the form

z = a + b(logx) = c(log,y).

for which : is calculated severity of i} effect
(SEV), x is an esumate of exposure duration (ED),
and y is the concentrauon of the (estimated) pre-
dominant suspended sediment size (mg SS/L).
These predictive modeis are numbered 16 to cor-
respand with the data groupings already described.
Because of scanter even in the fimed data, the pre-
dictive equations can yield seveniry-of-ill-effect ()
values grearer than {4, which aiready includes the
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9 b a 8103 | 8%
8 ) ! g [2s8]) 7
7 a ! < 1087 | 8.
8 F+ ! 2 403 | 5.
5 b - 2 148 |5 -
4 18 . -8 55 14 -
3 . g 20 (.3
2 i Q 7 3
1 S 3 2
? - . B - [+) ' 1 1
1131 71 112]61217]a4711[30 - 1
Hours Davs Weeks Months i
Mll lr—(A) Ampmpmﬂl memy-of-m-effccx scores for juvenile and adalt saimonids (freshwater, group ! '
~3v 1) in the marix of ded sediment (SS) ation aad duration of exposure. Bath matrix axes are expressed
logaritomic aad “shsolie terms. Dashes mean “no data.” Shaded bands denote inferred (by manaal interpoiation)
hlhtuhnlds of sublethal effects (shading without a border) and lethal effects (shading with a border; see Table | . o
 for &riteria), (B, upper matrix) Severity-of-cfiect scores calculated by moded (1) (Table 3), Severity-of-illeffect - - 162755} 0.9.
wam“m“hlmmvdussnowonunuuotmem Shaded areas represent extrap- l- 58874 | 0.8
| daca: polstions have bees capped at 14 (opper limit of the effzcts scale: Table 1), ; PO 220281 0.7
M h’g values ary possible. Diagonal terraced lines denowe threshoids of sublethal effects (lower left) and fore 8103 | 0.8
Jethal effects (middle diagooal) delinesied by the model with reference 10 Table §. (B, lower matrix) Hal(-95% L .
mﬂflm mervals nmd calcnlated severity-of-effect scores. Shaded treas denote haifeinwervals greater than { = ’ _2981: g: ’
1A . < 1097 .2
_~ P 403_| 08 =
. _ - 148 10605 Q4 04. 04 0
B e V= 3
mast’ suicu eﬂ‘ecu ta be mea.mred (100% mor- - concentraton are the midrange values. Thus the v 58 06 08 05 08 D: gg
uhty: cn:slmpluc hlbxm degradation). range of logarithmic values represented by a row B 270 g; g'; g: g:g g} 0'7
or 3 columa in the figures is approximately the L - aa 0
. ’ | .8
Daa Pruaumn value = 0.4999 in logarithmic units (take antilog- Ve 3_08 03 08 g: g’: g 9
. Emptncd dau.—Sevmry-of-lll-cﬁ’act values  arithms for absojute values and their ranges). The A ! 10 10 03 0. - 5
for each of the six dats groups are presemted as  accompanying confidence values are one-half the v ri3f 714 102 L
e rwudcd averages m the cells of dose matrixes  95% confidence intervals around z ! -
y whosc aXes we concentration of suspended sedi- Cells of 2 mamix that conwin daza form a cluster ! . ', . . F;uu 1L
‘ mx and doration: of exposure (panel A of the  of “populated” ceils. The imaginary “tight-string” : . ¥

fyore for each mp) Maximum possible duration
k dmnthe matrix is 48 montha (log,(hours)
¥ 10.4999). All but one of the mamixes show a
pomsible suspended sedi c -
Jirazion’: of 268,337 mgIL (log,(mg - SSA] =
‘tu-"”)- The exception—adult estusrine fishes—
haga mumm- poasible concentration of 729.416

palygon that eacompasses ail the populated ceils in
3 marix is the “dara cavelope.” Typicaily. some
cells within a dats envelope are unpopulated. For
predictive purposes, values are assigned to these
cells by interpolation. Empry cells autsida the en-
velope are given values by exwrapolation. lnterpo-
lations are considered to have greater incinsic re-
lisbility than exmrapolations because they cam be

compared more casily with known daca.

Threshoids of it eﬂ'ea.-—Duphy of empiri”
severiry-of-cffect scores in the dose matrix perd
estimarion of the minimum concentrations nd du-
rations that trigger sublethal and l:thal effects
(Pame] A of the figure for each group). For this
purpose, unpopulated cells within the dars cave-
lope are assigned values by manuai mmpohnon.
Thresholds thus estimaied from cmpmc.al data ’a;_i:- .
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FISH RESPONSES TO SUSPENDED SEDIMENT

Juvanile and Aduft Saimonids

Duration of exposure to SS (log, hours)

o7 112131 4]

5181 7181 97]10}

(B) Average seventy-of-il-effect scores (caiculated)
162755| 10 12
59874 | 9 11
g |22026) 8 10
a 8103 | 8 3
@ (2981 | 7 8 | =
S [Coer ) 6 7 18
S 403 | 5 3 g
g 148 | 5 5 .
3 | 4 a1 &
g 20 3 3
© 7 3 2
3 2 = 1
1 1 ¢ e 7T 0
T ]3] 71 1121814271 7 1 47]11]30]
Hours ] Davs | Weexs Months |
Half-35% confidence intervais (&}
around calculated seventy-of-ileffect scores (above)
162785) 0.8 0.3 08 08 07 07 08 08 . - - 12
39874108 407 Q7 Q6 Q6 06 06 Q7T Q7 . - 11
22026107 06 06 05 05 05 06 08 07 07 - 10
8103 |06 0.6 05 04 04 04 05 05 06 0.7 08 9
2681 | 06 0.5 04 04 04 04 04 05 05 06 07 8
1067 1 0.6 05 04 03 02 03 04 04 Q5 08 07 7
403 |06 05 04 03 03 03 04 05 085 08 0.7 5
148 |06 05 04 04 04 04 04 05 06 07 0.8 5
55 06 06 05 05 05 Q05 05 06 06 07 0.8 4
20 07 07 06 06 06 06 06 07 07 08 0.9 3
7 g8 07 Q7 Q07 07 Q7 Q07 08 Q08 09 10 2
3 09 0.8 08 08 08 08 08 09 09 1.0 1.0 1
1 1.0 1.0 09 09 09 02 09 10 1.0 = 0
Py [ 3] 7112181 21 714111130}
[~ Hours | Davs | Weexs | Monms |

Figure |.—Coanunued.

* Thresholds of ill effecr.—Display of e¢mpirical
seventy-of-effect scores in the dose mamx permits
estimarion of the munimum concentrations and du-
ftions that trigger sublethal and lethal effects
(pamel A of the figure for each group). For this
Purpose, unpopulated cells within the data enve-
lope are assigned values by manual interpolation.

_ Thresholds thus estimated from empirical data of-

ten are lower than threshoids predicted by regres-
sions it 1o mera-analytical data. We interpret “em-
pincal threshaids’™ as an approximated response
of the mare “sensittve’” individuals within a spe-
cies group. )

Predicnons of ill effect.—~The regression equa-
uoa fted ta cach af the six data groups provides
predictians of response within the matrix of con-
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NEWCOMBE AND JENSEN

Adutt Saimonids

Duration of exposurs 1o SS (log, hours)

2 {31415t 71 87139]l

!

oy
N

pry
-

Concentration (g SSA)

of+tnlwlalalolvimlols
(log,mgSSA)

Fnuu l—Empuiul uvmxy-of-nll-eﬂect scores for adult saimonids (freshwater. group 2) and scares (with half-

’ i_» 95% coafidence intervals) p(edu:xed by model (2). Canventions are those of Figure !,

. £

o c:nlranon lnd duranou of :xnosun (pancl B of

the figure for each group). Each prediction is ac-

' compamed by half-93% confidence intervals.

-~ Each wedu:uon matrix is divided into a maxi-

., . mum. .of thiee zones by terraced lines separating
;'.bel'mnml. sublethal, and lethal responses. We

compare- these " modeled thresholds 10 empirical

ones to discern responses of “sensitive” individ-

. \u!s wuhxn udl :pec:u group.

Renltl

Dose—response models fited 10.the empirical
data groups were all highly significant (P < 0.01)
-and accounted for 55-70% of the variances (Table
3). Averaged cmpirical dm on which the models
are based are displayed in panel A of Figures 1-
6. Panel Bof Figures~1-6. gives the model-gen-
erateq n:ponsu {and.. confidence intervals) for

" cach .call of the dow-mponse matrixes. These

- panels provids aset of Jlook-up tables™ suitable

" for Seld use in fmpact asserment. Superimposed
on them are predicted threshoids of sublethal and
lethal éffects based on the response categories in

! Table: 1.. Respoase. surfu:u resulting from the

. . models are: shown in: Fimu 7-12. Data are de-

Group |- Juvenile and Adult Saimonids

_ Average empirical severity-of-ill-effect data for
group | fill 56 of the 143 availabie cells (Figure
1A). Data are widely distributed, but thresholds
for the onset of sublethal and lethaj ill effects can
be inferred within broad limits, based on manual
interpolations within the data envelope (see 'gray-
shaded zones withaut and with borders).

The full matrix array of severity scares predicted
by model | (Table 2, Figure 1B) shows regular
increases of respanse intensity with sediment dose.
as expecred. Predicted thresholds of sublethal and
lethal effects (terraced diagonals) have similar oni-
entations 10 those inferred from empirical data. but
they generally occur at higher sediment doses.

Group 2: Adult Salmonids

Group 2 dara fill 36 widely scarttered cells of the

143 available in the empirical marix (Figure 2A).
The thresholds of lethal effect predicted by model
2 (Table 3: Figure 2B) are similar to the empini-
cally inferred threshold (Figure 2A), but predicted
sublethal effects emerge at slighdy lower sediment
doses than implied by empirical daca.

P

s e BTN TN

FISH RESPONSES TO SU

Adutt Salr

Duration of exposure

5

o T2 131 4]

A,;'('B) Averags saverity-o-il-effe

182755 11 11 12 12
588741 10 10 11 11 12 12
S (220261 9 10 10 1t 11 12
a 8103 | 8 Ls_l g 10 10 14
e 20818 8] 98 9 w0
£ 087 1 7 7 8 88 7
§ a3 is 7 7 8 8[43
& 48 | 5 6 & T 71 8
§ 55 {5 S 6.8 7 7
< 20 |4 4 5 5 8 8
.o 7 314 4 5 5 81
3 2 3 314 4 5
1 2 O,
11 3)7)11j218
- Hours Oavs
Halt-25% confidence
around caiculated severity-of=i
182755 R
59874 >
22028 =
8103 |=f : 1
2981 | 1.0 1.0 1.0 1.0 1.0 1.0
1087 11.0 10 10.10 10 10
403 |09 09 09 09 09 09 ¢
148 | 1.0 1.0 10 10 10 10
55 110 10 10 10 10 1.0 ¢
> ML A s
7
3
1
quuz.—Conm
Group 3: Juvenile Salmonids R

Average severiry-of-cffect scares for group 3 ﬁll
37 cells, most of them clustered at exposure du-

~ fticas of | h and 2 d to 7 weeks (Figure JA). As

for adult salmonids, predicted thresholds (model
3: Table 3; Figure 3B) were similar 10 empirical

thresholds for lethal effects but lower uun empir-
ical ones for mhleuul cffcx:u PR :
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FISH RESPONSES TO SUSPENDED SEDIMENT

Adult Saimonids

Duration of expasura to SS (log, hours)

['oiw[z\agag;fsir[aiguol

(B) Average severty-of-i-effect scores (mlwléted)

‘152755 11 12 12
59874 10 11 1
22028 10 10 M
8103 9 10

2981 S

Cancantration {mg SSA)

wle o ® N ®|o O

8
7
7
]
5
4
4
3

af.s
Y Y

—
(=]

(log, mg SSI)

ols[mlule|un|o]jmlo

131 7

Hours

| Weexs | Months |

Half-95% confidence intervais ()
around calculated severity-cf-il-effect scores (above)

162755 FATAH
59874 1234

—
I

-
—_

72026 [SRZ

8103 :
2981 10 1.0 10
087 | 1.0 10 10 10
203 105 09 09 08
148 10 10 1.0
55 10 1.0 10
20 : :

—
Q

ol |miju]{sjnjol|xie

7 | 4‘| 17 ] 30 |

Weexs | Montns |

Figure 2.—Connoued.

Group 3: Juvenile Salmanids

Average severiry-of-cffect scores for group 361
37 calls. most of them clustered at exposure du-
rations of 1 h and 2 d to 7 weeks (Figure JA). As
for adult salmonids, predicted thresholds (model
3: Table 3: Figure 3B) were similar o empirical
thresholds for lethal effects but lower than cmpir-
lcal ones for sublethal effects. )

Group 4: Eggs and Larvae of Saimonids and
Nonsaimonids

Average severity scores for eggs and larvae of
salmomds and freshwater and estuarine nonsal-
momds 01l 23 ceils (Figure +A). Most data are
clustered 1n the exposure interval of | d 1o 7 weeks.
Sublethal effects thresholds were estimated em-
pincally. but they were not recognized by model

o 0 2TR 5 TR T o




NEWCOMBE AND JENSEN

o Juvenile Salmonids ) Sa
L ¥ s Duration of exposure to SS (log, hours) L . - Duration of exposurs t
BN i - T . CiEe L ) R, Tack :
#[O T T2]3]a]s e 718 9 110] - JoT1J2]3Tais
:-,-#;_v-é e 2 ‘ 3 o e T ’ Ak
; severity-of-il-effect scores (ernpu_nin{)_ e s e i Averags swg:y-af-m-eﬁe
T T ‘ 1627551-9 - 10 11
R R A T B TR R - [588741-9 "9 10
T T K T ‘ : -+ 3 [2028]-8 | 9 9
- . - 9 - a g103| 7 8189
- - -8 g - @ | 298116 7 '8
SRR S A | ' € TSosrle 8 7
- . - 6 ) § 403 -5 6 8
S SO - s 8 148 | 4 -5 8
$ v - 418 S L5514 4 5
R A IR T . g 20 [-3] 4 4
-9 .2 ) 8 [7
. - - 1 = 3 35
L U - . 1 i
e 4 {11130 ‘ - . 1 ) 3] 7111216
2 g Months . » Troun “Oavs__
Fw:n 3—Em pirical M -of-su:eﬂ‘eet ‘scores for juvenile salmonids (freshwater, i £
-93% mw)';mcm by mode! (3). éanvmdom are those of ngmgr“p P sad seores (h Hal!-QS% confidenc
T A W R S e L -~ == around caiculated severity-ot-
* Yo (T e {"-‘ . i P L—- B o, ) . & . - s
'i*f{flbl? Figure 4B), which generated no se- environments provided average severity scores for - : ‘ o 1 0 1.0
. verity score lower than 4. Empirical and predicted 15 scartered marrix cells of the 143 availabie (Fig- .Z .- 162755 °§ 0.9 a'g o'a
iy thresholds of lethal effect agreed well and occurred  ure 6A). Model 6 (Table 3) generated lethal effects = T e s a7 o7
% 'd'f,'dy low dosés, y c T tresholds that agreed well with interpolations of i . 22028} 1.0 03 0.7 06,05 0.8
; o empirical data for exposures of 7 d to 7 weeks . T 08 O of 04 os
(Figure 6B). Although sublethal thresholds could E . 2981 | 08 07 08 04 04 04
v i be inferred from empirical data, the mode! indi- o 1087 | 07 0.8 0.5 O. - 0 0-5
- species of esmarine fishes filled 23 of the available cated that they lay beyond the matrix—below con- - 403 ] 07 0§ 05 0S5 .o" ’
154 mm:-:l’u (F:gnre.SA)..Mlgn of the daa  centrations of | mg/l, exposure durations of | h. s — 1;58 gg g; gg g; g; g?
. | fepresemr expogures. . % . orboth. - —--- - - —- - - = 7 07 O
.*.2" Model 5 (Table 3) was developed for only the e 20 110 09 09 08 08 09
.- 3Ven 3pecies represented by adequate daca. These  Response Surfaces ( 7 7 10 1010 10
-* seven are believed 10 be relatively more sensitive Dose-response surfaces based on models -6 L 3 o e e gy
| © o the ill effects of suspended sediment than the  are shown in Figures 7-12. We think it important e » 1T >
; - -other species in the database (Table 2). Predicted to emphasize tha only modets (1), (3), and (4) . 11317111261
" thresholds of letha] effect (Figure 5B) tracked em-  address early life stages in some form. Many stud- Hours Davs ‘
’ pirical thresholds well for exposure durations iess  ies have shown that early stages (some stages of . —Con:
_than | d; boch estimates indicated that lethal effects  egg development through young juveniles) are C— - : Fn:uu 3. —Ccon
.., 0a those: sensitive species result from short ex-

‘ A | mare susceptible to toxicants and other pollutants -
- posures 10 2 wide range of sediment concentra-  than older juveniles and aduits. The response sur- .

. tons. Sublethal effect thresholds were consider- faces (and prediction marrixes) shouid be judged
; ably closer tha origin in the predictive matrix than by the data available to develop them.
;in the cmpinical matrix. ~ . L .2

W R e

generated in this study are useful additions to their  fut:
daily work. The discussion below fi os (i) v
validation of the models, (ii) the dose—retponsd

pattems of ultrasensitive specics and life-stages, '
(i} potentia) new options in cavironmentsl law \
enforcement, (iv) the role of men-analysis in the  on
findings of this study. (v) possible duue;lonl ‘_:f« Cre

e

R Discussian

Fisheries biologists, habitat protection special-
ists. and enforcement officers in many parts of the
world may find that the dose-response equations
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FISH RESPONSES TO SUSPENDED SEDIMENT
Juveniie Salmonids

Duration of exposure to SS (log, hours)

T 11 21 3] 41516 7 1-813110]

(8)

162755}
59874

Average seventy-of-iil-effect scores (calculated)

—
o

22026

8103

2981

1097

403

148

55

Concenhallbn {mg SSN)

S bth OO N WO W

(log, ng SSIL)

Half-95% conficence imtervals (£}
around calcuiated seventy-of-il-effect scores (above)

762755 At e stte 1.0 1.0

53874

22026

8103

2981

1097

403

148

£5

20

1.1
1.0
0.9
0.8
0.7
0.7
0.8

1.0 09 09 09 038

08 08 07 07 0.7

07 07 06 05 Q8
0.7 06 05 04 0.5
06 05 04 04 04
0.6 05 05 04 05

06 0.3

07 07

0.8 0.8

1.0

B

5 1 207 4 1 11! 30
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Ficure 3. —Conanued.

generated in this study are useful additions to ther
daily work. The discussion beiow focuses on (i)
validation of the modets, (ii) the dose—response
patterns of ultrasensitive species and life stages.
(iii) potential new options in cnvironmental law
enforcement, (iv) the role of meta-apalysis in the
findings of this srudy, (v) possible directions of

furure research. and (vi) implications of this study
for ccaosystem assessment.

Validation of the Models

Validauon of the models in this study will rely
on new studies that add to the data now available.
Creadon of new data—in sufficient volume for

/
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Eggs and Larvae of Saimanids and Nonsaimonids

Duration of exposure to SS (log, hours)
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; rm of 10% after they had
been held in vim'.l.Ll&'I‘C and 9.7 mg Ol
d. O TI. nnpuhli:hed data). This mortality rate ex-
pﬂmed_ a8 & severity of ill effect (with reference
to Table 1) is SEV =~ 10. Severity of ill effect as
predicted by model” 1. (SEV = 0.7262 -
0.703410g,(96 h] + 0.7144(log,5.47! mg SS/L])
"*14"10.09. These values agree closely and tend to
v:lidnu this model. Steeifiead (N = 10), similarly
exposed. had 0% morlity. This result too is con-
sistent with the' predictians of the model, because
: .SEV o mam o-m mortality, and the

’Second.'l recent hhoﬂmry smdy af effects of
snspended bestonite clay (1-5-wm diameters) on
l;rvﬂ'nounlnnnid ﬁshu (mullmaulh bass. large-

qu4—£mpu-inlmxv—of-lll-e{fm scores for eggs and larvae of sal id
mm 4) and scores (with half-95% confidence intervais) predicted by modsl (4). Conventions are
of F\m exsept mm {B. upper matrix) recognized no threshoid of sublethal effects.

and Imonids (freshwater

duced growth rate) and mortality data that are
highly consistent with the predictions of mode} (4)
(J. Sweeten, Asherwood Environmental Lurnmg
Ccnm:. personal communication).

Third, an inverse relationship has been docu-
mented berween scdiment concenmatons in
streams and maximum salmonid densides in fu-
vial habitats in British Columbia (Ptolemy 1993:
R. A. Prolemy, British Columbia Ministry of En-
vironment. Lands and Parks, personal communi-
cation). For example, the density (number of fish
per unit area) of juvenile chinook saimon and steel-
head that rear in the turbid main stem of the Bella
Coola River (Bridsh Columbia) is lower than
would be expected in clear water. Rearing occurs
in June, July, and August During this time, rur-
bidity averages 21 nephelomerric units, suspended
sediment concentration averages 61 mg SS/L. par-
ticle sizes are smaller than 75 um, and the tem-
peramure range is 8-12°C). Reduced fish density is
consisient with the range of ill effects—iow par-
alethal rankings—oredicted by the models. These
results tacitly acknowledge the role of excess sed-
iment exposure—particularly concenoation and
duraton——as a factor in the producrivity of salmon
screams.  Two  extenuating  {actors—relatively
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small particle size and reladvely cool water—
could explain the absence of dméct le!hlhry inthe
Bella Coola.
Fourth, juvenile salmonids (chmook salmon.
~— rzinbow trout, and mountain whitefish) are thoug®”
to seek refuge—an average of 9 d for age-0 w*
chinook salmon—in a small noanatal tributary ov
the upper Fraser River. pernaps to avoid unsuitable
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FISH RESPONSES TO SUSPENDED SEDIMENT

Eggs and Larvae of Salmonids and Nonsaimonids

Duration of exposure to SS (log, hours)
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smail particle size and relanvely cool water—  rearnng conditions created by high, naturally oc-
could expiain the absence of direct lethality in the  curring sediment loads found in the main stem )
Bella Coala. (Scrivener et al. 1993).
Fourth, juvenile saimonids (chinook saimon. Although these recent findings tend to support
rainbow trout, and mountain whitefish) are thought  the predicnons of the modetis, the well-document-
1o seek refuge—an average of 9 d for age-0 wild  ed good health (as indicated by acceptable rates

chinook salmon—in a small nonnataj tributary of  of growth and survival) among saimon juveniles
the apper Fraser River, perhaps to avoid unsuitable  in furbid estuanine waters remains unexplained.
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 Considerations reievant to this * omaly” include
+ *.(7) the exremely fine texnire of suspended sedi-
- ment. (generally much smaller than 75 pm); (ii)
.- the relarively cold water temperarures: (iii) the po-
" tential for favorable physicochemical effects such
.28 flocculation, which could be enhanced by the
- chemistry of brackish water; (iv) beneficial be-
. bavioral sdaputions of juvenile salmonids: and (v)
-...the suitability of reedy babitat, where sverage sed-
. iment concentrations and average particle size may
- be further reduced below those found in traditional
;- sempling sites. - s g
Ultrasensiriviry of Some Species and Life Siages
Rapid escalstion of ill effeets on eggs. larvae,
and fry (Figures 4, 10) and on some adult fishes -
of the estuary (Figures S, 11) as duration of sed-
iment exposure increases suggests that the mech-
", anisms of self-preservation i ar least some esto-
arive fishes are ‘easily. overwhelmed by the pres-
. ence of suspended sediment. This pattern implies
the existence of aa abrupt threshold concentration
of suspended sediment leading 10 ill effects in ul-
, fraseasitive species and life stages. e
If this inference is correct, these dose—response
panerns might be ex;

g e

{ill-effect m for adult nonsalmoaids (estuarine, group 5) and scores (with
dicted by modei (5). Conventions are those of Figure I,

required to reach an end poine (e.g., lethality). and
might indicarte that the physiological and physical
processes invoived in homeostasis are more sen-
sitive 1o exposure time than 1o suspended sediment
concentrations. It is reasonable to speculate further
that the sequence of events leading 10 a lethal end
point (for example, severely abraded gill tissue and
associated loss of capacity for ion regulation),
once mggered, would not easily be halted or re-
versed.

Environmental Enforcement Issues

Fisheries biologists and enforcement personnel
can, as part of an investigation, document the sed-
iment concentration and duration af exposure. and
they can use these data 1o infer the most probable
severity of impact. The dose-response equations
alone are sufficient for this task. But the ““look-
up™ tables (here, Figures 16, paneis B) simplify
the task even more; they are based on the equa-
tions, and they supply ranges of interpolation and
extrapolation and confidence intervais. They make
it possibie for field workers readily to distinguish
between minar and major events in the broad con-
text esuablished by the dose-response matrixes.
This knowledge can contribute to decisions about

FISH RESPONSES 10 SU:
Adutt Estuarine |

- Duration of exposure
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Fioure 5. —Conuin

the need for additional field work by which to cums.
8ather physical cvidence about the pature and se-  avoic
veTity of the ill effects. This new capacity 1o make  “hen
inferences—an unprecedented devel p in the: 23
field of channel sediment impacts—might also in- “wama:
fluence the goals of a prosecution. * of agr

Impacts on fish populations expased 10 episodes  caged

of excess sediment may vary accordiag (o the ci~  any o

sy T e
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Figure S.—Contnued.

the need for additional field work by which 10
gather physical evidence about the nature and se-
venity of the ill effects. This new capaciry to make
inferences—an unprecedented development in the
field of channel sediment impacis—might alsa in-
fluence the goals of a prosecuuon.

mpacts an fish populations exposed to eprsodes
of excess sediment may vary according o the cir-

cumstances of the event. For example. fish tend 10
avoid high concentrations of suspended sediment
when possible. Thus, 2 pollution episode capable
of causing high mortality (e.g.. of sac {ry) or gill
damage or suarvation or slowed maruration (e.g.,
of age-0 fingerlings and age-2 juveniles) among
caged fish (Reynolds et al. 1989) might not cause
any of these direct effects in a wild population that
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 free to move elsewhere in the soeam system.
A of dead fish (notwithstanding reduced
¥"egg-io-fry survival) is, however, not necessarily
an indication of absence of harm. Indirect effects
7 of sedimentation—{oss of summer habitat for feed-
i-ing and reproduction—may ourweigh the direct ef-
fects seen in caged fish (Reynolds et al. 1989).
,This dichotomy has practical implications for en-
forcement. An investngation during a pollution
—-event shoald attempt to document suspended sed-
iment conceatrations and durations for possible
= use with the models given here.

“iHowever, in the aftermath of a sediment pol-
lution event. the invesdgation should swich its
-focus xd gather evidence of sediment deposition.
'Changes in sweambed compasition resulting from
excess sediment are usually manifested as changes
in\pamde size composidon. Subjective methods
for assesxing the extent of sedimentation exist. Ob-
jective methods are being developed (Kondolf and
'.Li 1992; Kondolf and Wolman 1993: Poryondy and
Hardy 1995) and couid be used in place of or in
c'"llmn:!lm'a thh the u-ndmond mcxhods Photo-

g

Ficuxs i;hﬁﬂ;alh’u;u-xw-of-\lleﬂea scores for adult nonsaimonids ( fresh\;:;:r, ‘gr‘nup 6) and scores (with
haif-95% cnnﬂdnwmls) predicted by model (6). Conventions are those of Figure |, except the mode! (B,
< ol . (Mg 3 of i A Ieﬁccu

Four provisions of existing legisiarion and four

potential goais of prosecution are comvictions.

fines, compensatory damages, and remediatios.
When the state’s purpose is to secure a conviction,
‘a single water sample may be the only evideace
required. In some jurisdictions, water qualiry cri-
teria may be used to identify porential episodes
of SS potiution by a tandem system of threshold:.
Typically these guidelines state that SS concen-
trations should not exceed background by more
than [Q mg SS/L when background is less than
100 mg SS/L and not more than 10% when back-
ground is equal to or greater than 100 mg SS/L
(Singleton 19853, 1985b). This tandem system of
thresholds—based on literature reviews specifi-
cally intended to document the nature and sever-
ity of ill effect under these conditions—is com-
mendable because it recognizes the seasonal pat-
terns in suspended sediment load of natural
streams. However, these guidelines do not purpont
to deal with the inherent nature of sediment as 1
deieterious subgtance in aquatic ecosystems as
defined by an act of legislation. Nor do they pur-
port ta detect the least change in concentration
capable of causing ill effects. Various researchers
report ill effects when concentrations sxceed

g
R A A
"nr--‘. anet M

. A

-

5
" PISH RESPONSE
Adult Fre:

Duration of e.

fof vtz 3
CET® Average saverty-
--fe7ss) v 89 10 T
-~~~ 5987417 8.9 8 X
T2 (=W 7 8819 U
@ .83l 7 77809 s
o268 7.8 _E—l g
-2 [fosrle 77 8169
s 403 16 67 8.9
-E [ ls s .7 € -
§ [ 5515 .7 7 8.
- £ 20 |5 8- 8 7 8
(5] 7 7
3
1
11337112
- Hours - Qavs
Hal-gs%car
ammw:natndsave
162755]; -
59874 :
[(zZ028 { 1.0
{8163 1.0 09 09
2981 0.9 08 07
1087 P 0s 08 07
203 0.9 08 07
148 T 10 09 08
55 1.0 09
20 oy
7
3 oy
1 2 - £:4
T1al 71 1] 21
Hours Davs

.. Fiouxe 6

‘background levels by small amounts (see Law

rence and Scherer 1974: Swznson 1978; Gradal
and Swenson 1982). - Y
Prosecution based oo these rules hn bee
cessful because the incressed concenranion.’
known (o harn aquatic life. Such evidenc
abounds. but pertains largely 10 invertzbraie pop
ulations (fish food) and pnm produmon (phy
‘0
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a . background levels by small amounts (see Law- toplankton and periphyton, the source of energy
" jon) rence and Scherer 1974; Swenson 1978: Gradall  on which invertenrates may depend) (Newcombe
: iz and Swensan 1987). 1994),
18 [T Prosecution basea on these rules has been suc- However. 10 the extent that legislanon empha-
v T cessful because the increased concenmations are  sizes the existence of an impact. or the probability
! :;. known to harm aquauc life. Such evidence of an impact, its pnmary goal is to secure a con-
: —— abounds, but pertains largely to invertebrate pop-  vicaon. Scope for additionai penairy—fines, com-

ulanons (fish food) and primary productuon (phy-  pensatory damages. and remedianon—depends oa
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Juveniie and Adult Salmonids

z: Severlly-ol-lli-elfect

Frounse 7. —Duo-mpmu m:faees dumbmg the severity of ill effect for ;uvemle nnd adult salmonids (fresh-

. watez, group 1)2s & functios of d
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i an ability to demonstrate harmful effects. Dose-
- response modeis enhance this capability.

It is difficnlt 10 overstaze the value of time series
water quality, data, but there are some kinds of
pollution episodes in' which other evidence might
.take precedence. These instances could be classed
as catastrophic events in which one or more of the
followmg conditions prevail: (i) the poliution dam-
age is severe, or extensive and highly visible—
blanketing by sk, for: example; (ii) the extent of
harm is to be contirmed by field studies designed
and conducted for the purpose (upecxauv reievant
for streams on which previous work has been
done); or (iii) the polluuon event is detected aster
the fact, in which case’the option to sample sus-
pended sedimem is- ronzone already, Notwith-
standing these: exceptions, cﬂoru 10 ‘collect se-
quendal water ' samples dunng a pollution episode
may be the most enn-effecnvc option, especially
: When com ﬁnu. mpenuuon. md remediation

ation and durstion of exposum (model 1): 3 = 1.0642

In short, the dose-response equations proposed
in this report make it possible not oniy to identify
the cxistence of a pollution event—this informa-
tion alone being sufficient to secure a conviction—
but aiso to document the severiry of ill effect in
support of additional penalties.

Mera-anaiysis

No single researcher could have aspired to con-
duct ail the fieid work represented in our database.
However. the collective works have value beyond
anything the original authors could have envis-
aged. To the extent that this synthesis informs the
science. it demonstrates the utility of meta-anal-
ysis as a way 1o shed new light on oid problems
by using existing data. Limitations of the darabase
can be overcome with further study.

Future Research

The dose-response models in this synthesis are
only # beginning. Many gaps remain, Gaps are

z: Severily-ol-iil-eltect
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> 3 especially conspicuous for the youngest age-class-  cause
e es (eggs through young juveniles). The pooling of  centrz
o life stages required for these models—eggs with e ¢
B larvaz, young with old juveniies—doubtless masks  some
E important thresholds of susceptibility to suspended rantec
Lz, . sediment Each deveiopmental suge shouid be qualic
E_ ' identified and treated separately for the purpose of  partic
e developing uniquely age-specific and sxz:-specmc iment
k2 dose~response proiiles. Par
\re There are practical reasons to make such dis-  creast
: tinctions. For example. artificial spawning chan-  other
nels must be clecaned annually. Gravel cleaning, often
which raises a plume of silty water, therefore must  are nc
be carefully timed 1o minimize the potential ill docur
effects. Susceptibilities of resident life stages (@ expas
sediment must be known. 100%
- Thresholds of sublethal and lethal effects must  ~“7 !
be known more precisely. Our analysis has shown. v
in particular, that sublethal effects thresholds are Bt
poarly delineated for most groups. Finding useable  size ¥
be mu

data is a challenge: we rejected many studies be-
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FiGure 8. —Dose—response surface describing the severity of ill effect for adult saimonids (fresnwater. group 2)
as 3 fuocuon of suspended sediment concentration and durauon of exposure (model 2): 2 = 1.6814 + 0.4769(log <)

+ 0.7565(log,y).

especially conspicuous for the youngest age-ciass-
es (cggs through young juveniles). The pooling of
life stages required for thesc modeis—eggs with
larvae, young with old juveniles—doubtiess masks
important thresholds of susceptibility to suspended
sediment. Each deveiopmental stage should be
identified and treated separatety for the purpose of
developing uniquely age-specific and size-specific
dose-response profles.

There are practical reasons to make such dis-
tnctions. For example, artificial spawning chan-
nels must be cleaned annually. Gravel cicaning,
which raises a plume of silty water, therefore must
be carcfully tmed to minimize the potenual ili
cffects. Susceptbilives of resident life stages o
sediment must be known.

Thresholds of sublethal and lethal effects must
be known more precisely. Our analysis has shown,
in particular, that suplethal effects thresnolds are
poorly delineaied for most groups. Finding uscabie

dana is a challenge; we rejected many studies be-

cause they were too vague apour sediment con-
cenmation, duration of exposure. Or the €Xact na-
ture of the ill effect. We undoubredly overiooked
some reports. but more dirscted research is war-
ranted. Research is especially needed into particle
quality (particle size. angutanty, and mineraiogy),
parucle toxicity (toxicants in and adsorbed on sed-
iments), and temperature sriects, ’
Parricle quality and roxicology.—111 effects in-
crease as a funcnon of increasing particle size (if
other vanables are kept constant), Pollution events
often subject fish to parucie sizes to which they
are not normally expased. Newcombe et al. (19995)
documented that ruinbow trout died rapidly when
cxposed to a silty water discharge (mortaliry, 80-
100%: concenmration, ~4.315 mg SS/L; duration,
<57 h: parucie sizes, 100~170 um, water tem-
perature, 10°C). These results differ from those
from other pollution episodes in which the particie
size was smaller; generally, the ill effects would
be much less severe-—on the order of 0—-10% mor-
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explared more fully, 1il effects are gmuar‘in sea-
. v

of expasure (model 4); £ = 3.7466 + 1.0946(log, L) + 031!

tality. Some research to quannfy Lchffect a5 2 biologists would do well to adopt this or some 5 ticles may ead up in various tssues, the splesnis s
function of particie sizs has been done'with several  similar particle grade scale, 1 A major repository. The spleems of some fshes  th
species of Pacific salmon (Servizi and Marnens The importance of particle angulariry. especially b exposed to ﬁ.“ s“,““m become “““"'9"”“ © an
"1987, 1991, 1992). Further work should make it  in relation to gill abrasion, should be srudied. The ) {5: the extent that @e tissue damages the curring sdge de
possible 1o qeate a set of dose-response models mineralogy of sediment particies may offer clues ez of the glass ficrotome blades (Goldes 1983; S ha
a3 functions of particle size range that are unique (o the potential for toxicity and physialogical ef- - Goldes. Malaspina College. personal comm;l:;— of
t0, _each relevant life” smage. The growing need 1o fects. Likewise, the presence of innate or adsorbed o cation). Thus, meocymm of fme suspended sed- - bo
i explon il dfzcuafxu:pgndgd sediment as a func-  toxicants may offer clues 10 latent effects on fsh r . ml\en.xs could mgga_a s'cqueuce of'hzrmf.ul :f\;enu m{;
‘Hon of particle size imposes an obligation among  population health. Studies of the mineralogy and (" within the cells °f<' ish’s body ladx:zo l;] c,ch: ?n
fisheries biologists to use a uniform nomenclature  potential chemical acriviry of the parnticle iuself, of T Lhatlare oaly pu'ually' undgmood N al “ !;";" i
in ‘rcfcmwe o the particle grade scale. Suluble particles in the colloidal size range capabie of en- — particles may be the biological equiv eneo d.”m- Ss
tering the fish's cells, and of panticies with ad- - jan horse: harmless “,’.hﬂ., on te oq_mde.. - u:
sorbed toxicants may reveal common properties = taung whea on the inside. 'Ih:mnugcum:s £
entuu Wmmpnmcle size-classes—sand, relating ta face and ill effect at the tissue and cal- = pc:xall_v among groundfish thac ':wdl: orm-
!llllndﬂl! (Agriculture Canada 1974)—with for-  lular level. If common properties do exist among ~ where sediments may be cantam y ;: one e
these particular variables, there may be a unifving ..j :;l:flrunoffl;)r ?{Y mduxmalbcflh:::. ::llym’ ohe ‘
;? ‘coarse sad, 2.0-1.0 mm; coarse sand. 1. 0- explanation in the phenomenon of phagocytosis. - nome:c::m H effect yc‘ io be ot SO oth
s medmn nnd. 0.5-025 mm: fine sand, Phagocytosis, the cavelopment of fine particles ve
-0.25-0.10 mm:v:ry ﬂne sand, 0.10-0.05'mm: silt. by ceils of the fish's gill and gue, transports the ) - {ut::' ;'"p‘:m""-s“m" of m eﬂw[:‘b: g:i
; 0.03-0, 002 mm; i clay, 0. 002 man, Fishenes  particles into the fish's body. Although these par T n of ambient water emperaure ouglt | are:
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FISH RESPONSES TO SUSPENDED SEDIMENT

Zggs and Larvae of Salmonids and Nonsaimonids

Ficure 10.-—Dose—response surface describing the seventy of ill effect for eggs and larvae of saimonids and

z: Sevarlly—;zljll!;allac@.' Y

nonsaimonids (freshwater ind estuarine, group 4) as a function of suspended sediment concentration and duration
of exposure (model 4); ; = 3.7466 + 1.0946(log2} ~ 03117(ogy).

ticles may end up in various tissues. the spleen is
a major repository. The spicens of some fishes
exposed to fine sediment become mineralized to
the extent that the tissue damages the cutting sdge
of the glass microtome blades (Goides 1983: S.
Goides, Malaspina College. personal communi-
caton). Thus, phagocytosis of fine suspended sed-
iments could trigger a sequence of harmiul events
within the cells of a fish’s body leading to ill effects
that are only partially undersiood today. Invasive
particies may be the biological equivalent of a Tro-
jan horse: harmiess when on the autside. devas-
.ating when on the inside. Tumorigenesis. es-
peciatly among groundfish that dwell in harbors
where sedimenes may be conuamunated by storm-
water runoff or by industnal effluent. may be one
such latent i}l effect yet to be linked to this phe-
RNOmenon.

Waser temperature.—Seventy of ill effect as 2
function of ambient water temperature ought 10 be
explored more fuily. [Il effects are greater in sea-

sonably warm water than would be the case for
the same fishes in seasonably cold water. Mech=
anisms for this effect have not been svsiematically
described. The dynamics of this variable probabiy
have to do with the temperature-reiated paterns
of oxygen saturation, respiranon rate, and meta-
bolic rate of fishes (slower in cool water. more
rapid in warm)»—all of which result in reduced nsk
of gill abrasion in cool water and increased nsk
in warm water. These mechanisms should be ex-
plored in the context of seasonal temperature rang-
es 1a a fish’s nacural habitae,

Zcosvstem Considerarions

Broad-based ecosystem research supporting
strearn protection is under way, but it is a relatively
new science. Stream protection requires, imong
other things, quanutative linkages between im-
pacts of channel sediment and the land use prac-
uces that generate the sediment. Leadership in this
area will come from many disciplines, as exem-




portant contributions dealing
‘with water quality, resource roads, timber harvest,
and channel sediment (Cederhoim et al. 198]:
Chambertin 1983: Hartman 1988; Macdonaid e

capable of impacts on stream quality may be much
larger than previously supposed—especially in
hilly terain. The size of upland and riparian zones
‘of the time scale used 10 view
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can justify a wider e
that extends well into
the stream itself.
Suspended channe] sediment is a major factor
determining sream quality. Excess sediment is a
senous but still underrated pollutane. Unless it is
addressed. instream ang riparian zones can not be

gislated zone of protection
the upland. far away from

reliably protected. Although the need for increased
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Appendix. Dose—Rupouse Database
Duno-cwdmhmforﬁnmcxposcdwmspcndedwdumL

N
. ranepon .
A .15 168 7 Reduced quality of reanng
A W0 L 24 10 "Fish abandoned theiy
A - 2500 24 {0 increxsed risk of predanon
A 650 ... 168 5 No hirological signs of
- T damage 0 olfacxry
. N CﬂM‘n
A a1 7 Home waer preference
disruped
: Homing behavior normal. bt

fewer wn fish remroed

No mortality (YA, <$~100
um: mediag, <U$ umi

Morualiry e 60% (VA,
<5=100 um)

Mortlity e 100% (VA,
<$=100 wm)

No marlity (other end
pomLs wok isvesnExted)

Plaama glucose leveis
increased 19%

Plarma gluctes devels
increased 150%

No moratity (YA, <3-100
B median, <13 um)

Moruliry rae 60% (VA.
<3-100 um: median, <!§
wm)

Mortality rae |00% (VA)

Increased vulnerabilicy 1o
predanca

Signs of sublethal sress (VA

Loss of habu caused by
cxceudive sediment
ransport

Blood cell coum ad blood
chemunry change

Feediag benavvor apparentty
reduced

Reduced quality of reanmg
habitat

Gill tssue damaged

No moralicy (oither cod
POLNLE OO orvest gaed)

Decresse w popuistion uze

Fish more aive and jeas
depenaent oo cover

@

.>v.>’

Sachanek et al. (1984a, 1984b)
Mcleagy et al. (1984)
McLeay et al. (1984)
McLleay et ol. (1984)
Phillips (1970}

Townsend (1983); On (1984)

Coats et al. (1985}

Slaney ct al. (197TH)
Haamilion (1961)

Gibson (1933)
Brannen et al (1981)

W et al. (1982)
Whirman e al (1982)
Newromb and Flagg (1983)
Newcomb and Flagg (1983)
Newcomb and Flagg (1983)
Griffin (1938)

Servizi and Marneas (1987)
Servizi and Martens (1987
Newcarap and Flagg (198))
Newcomo and Flagg (198D
Newcomb and Flagg (1983
Swenson {1978)

Redding and Schreck (1982)
Coaus et al. (1985)

Redding and Schreck (1982}
Townsend {19831 Ont (1984)
Slaney et al. (1977D)

Herbert and Merxens (19611
Gnfiin {1938)

Pewer (1967)
Gracail and Swensoa {1982}

LA

——pr -

Sedimen dose
. Exposwe
Species Raget (mvt.l 3] SEV
Trowu (brown) A T 1040 (7520 t Gu.
Doot (broen) A 1210 17520 3 Sowe
G e . (RN vF
Trom (brows) - A 18 ™ 10 Abanc
Trout (brown) A - 100 70 11 Popa
Trout (brown) A 1.040 1760 {4 Popas
. expe
Trout (brown) A spt 1160 4 Fyox
Trom (cotiwoar) A pii 2 4 " odar
Trom (laks) A s 168 3o e
Troot (rainbow) A 6 i 3 Avomx
. . Pt ¢
Trom {minbow) A 645 . 1 3 Fohaxx
Troux (rainbow) A 100 wle 3 Fuaaw
. (VoK
Trom (reinbow) A 100 a.2s S Rmeor
Trow (rainbow) A 50 028 S Rateof
Trowt (rainbow) A uno 504 t Glsof
ke
Trout (rainbow) A 17300 168 i Fashwr
. prolife:
Trout (rainbow) A s0 960 9 Rawof=
{CWS,
Trout (reintow) A 0 960 ¢ Rueow
Trout (rairdsow) A 310 S04 10 Some ds:
Trowt (reinbow) A 0 j2u0 0 Serveva ¢
Trow (rainbow) A . 200 pLy 10 Temishr
day (W'
Trom (rambow) A $0.000 4 10 No monu
Trom (runbow) A 13 0 1@ Abundance
Trout (rainbow) A 59 1 10 Hatweae das
of pave
Troat (rainbow) A 1250 588 12 Momalry -
Trout (rainbow) A 49,838 % {2 Monality
Trout (rumbow) A 3.500 1.488 13 Castroow.
poeulauo
Trout (rambow) A 160,000 M 14 Maraliry 2
Trout (sea) A 20 N 10 Fah abanco
frwnmE
Whitfish (laka) A Q.66 i 1 Swwmmungt
Whitetish (lake} A 16.613 % 2 Morality ra
Whitetish (mounumny A 10.000 4 10 Foon died: .
Juveoile saimonxds (fresrester, grod
Grayling (Arenic) U 20 4 3 Fish wvowden
Grayting (Arcuc) U 10.000 9% 1 Fuh peamom
Grayling (Arenc) ] 36 0.42 1 7% of fun:
(NTH >
Grayling (Arcuc) U 100 ! R e
QO
Greyling (Areuc) u 100 1 4 Coacn 1o oo
prey: nabu
Grayling (Arenc) U 100 i 4+ Cach nue reo
prey: drosor
Greyling (Ascne) u 1.000 1 4 Footing ruse r

pray: mbehc
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FISH RESPONSES TO SUSPENDED SEDIMENT

Fish response

Specres suge®  impl) m SEV® Descripnor Reference
Troot (brown) A 1.040 17520 3§ Gill lametlse thickened (VFSS) Herpert et ai. (1961)
Trout (browm) A 1210 17.520 3 Some pil lameilae became tused Herbert et ai. (1961)
(VFSS)
Tromt (brown) A 18 T20 10  Abundance reduced Peiers (1967) .
Troo {brown) A 100 20 |l Populanon redoced Scuilion and Edwards (1980) -
Troat (orown) A 1.040 1,760 {4  Popuispon one-seventh of Hervent et al, (1961)
expected size (River Faf)
Trout (brown) A p 8.« 3 1,760 14  Fish oumbers one-sevenm of Heroert et al. (1961)
expected (River Par)
Troa (comatroat) A s 2 4 Feedmg ceased: fish sougnt cover  Cordone and Kelly (1961)
Troot {lake) A 35 168 3 Fish avoided mrowd areas Swenson (1978)
Trom (ramoow) A 6 1 3 Avod behavor i Lawrence and Scherer (1974)
part of the mme
Trom {rainbow } A 645 1 3 Fish amracted (o turbidity Lawrencs and Scherer (1974)
Troa (rxnbow ) A 100 0.10 3} Fish svoued wrbid wawer Suchanex ct al. {1984a.
(svoutance behavior) 1984b)
Trow trambow) A 100 028 5 Rae of coughing increased (FSS) Hugnes (197%5)
Trout (rzcanow) A 250 028 5 Rate of coaghing increasea (FSS) Hugnes (1975)
Troat (rambow ) A 310 504 3§ Gills of fish that sorvived had Heroert and Merxens (1961)
thickened epitheiiom m-
Trout (rampoow ) A 17300 168 8§  Fish survived: pill epithelinm Slanina (1962)
prolifersted and thickened .
Trout (rambow) A 50 9 Rae of weight gam reduced Herert and Richaras (1963) . B
{CWS) .
Trom {rambow) A 0 960 9 Rase of weignt gam rextuced (WF) Herpent and Richarus (1963)
Trow {rameow) A $10 504 10 Sowme fish died Herpen and Merxens (1961)
Trowt (ranoow ) A pai 3240 10 Sumival rae reguced Herpert and Merxens (1961)
Trowt (ramnow) A 2 2 (0 Test fsh begxn to die on the nrs Hetbert and Richamas (1963)
day (WF)
Trowt {ramoow) A 30.000 24 10 No mormury D. Herbert. personal
commurucauon (o Alabaser .
and Lloyd (1980) .
Tromt (rassbow) A 18 20 10 Abundance reduced Peiers (1967TY .
Troat | repwoow ) A 19 plea b 10 Habrtm camage: reduced porosity  Slaney et al. (1977h)
of gravel
Trow (rassbow ) A 1250 588 {2 Morabiry rae 50% (CS) Herbert and Wakeiord (1962)
Trom {ramtcre) A 49.838 9% 12 Moeaucy rae 50% (OM) Lawrence and Scnerer (1974}
Troat (rammbxrw ) A 3.500 1,988 13 Caasgovonk reducuon in Herbent and Merkens (1961)
popuianon ure —_———
Tront {rasow ) A 160.000 24 14 Morauty rae 100% - D. Hervert. personai -
commumcanon (o Alabaster
and Lloyd {1980) .
Trout (sca) A 210 4 10 Fish abenaoned radicona) Hamiiton (1961) -
spawrung DAbIMAL y :
Whireah (laka) A .66 1 3 hang La and Scherer (1974) E
Whrrtiah (lake) A 16.613 9% 12 Morality rue 0% (OM) Lawrence and Schwrer (1974) t ,
Whitettuh (mountam) A 10.000 2 10 Fish died: sliclogged gills Langer (1980) . I
Lo Juvenile saimonids (freshwauer, groups 1 and J) -
Goryling {Arcnc) v 0 24 3 Fah svosied paro of the soeam Birweil et al. (1984)
Gesyling (Arcuc) u 10.000 % 3 Fish swam near the surface Mcleav et al. (1987) h
Grwyling (Arcuc) 1 LY 0.42 3 TB% of fish avosded turbud water Scanneil (1988)
(NTU. >20)
Crayling (Arenc) v 100 | 4 Caen rate reduced (unfamibar Meledy et ai. (1987
prey: arosopnula) .
Grayling (Arcucs U 100 ! 4 Caten mue reguced {unfamubiar Mclcay ct al, {1987
prey: tumficids)
Geayung (Arcuc) U 300 1 4 Caich rus reducod (unfamuiar Mcleay et al. (1987)
prey: drosoohila)
v 1.000 | 4 Feoding rie reduced (unfamiiar Mcleay et al, (1987

Geayting (Arenc)

prey: runificids)
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SR Tasud A} ~Continued.
, .
Sedumert dose
e ]
Exposure
. concen. Exposure Fah response U
Life rauon 4 . -
Spacser wage (mgh) th) SEV® Descripoon® Raference
o Trowt {runbow! Y 90 436 10 Monaliry res 0-20% (DE) Herbert and Merkens (1961)
Trom {rumborw ! Y 90 4% 10 Morwlity ratas 0—13% (KC) Herbart and Merkans (1961}
Trout (runbow) Y 270 136 11 Monaluy ram (0=)3% (KO) Hesben and Merkem (196))
Trout {rembow) Y 310 436 {2 Morahry rue J5-83% (DE) Herbent and Markens (1961)
Troxs (runbow!) Y 810 436 12 Moruiity russ S-30% (KC) Herdert and Merkens (1961)
Trou (rusbow) Y 70 436 12 Moraliry ams 13-30% (DE) Herbent and Markens (1961)
Trout |eanbow Y 7.433 472 1 Morulity rams 40% (CS} Herbert and Wakaford ([962)
Trout irunbow) Y 4250 (32 12 Mortality s 0% Herbert ant Wakatord {1961}
Trout (ranbow) Y 120 672 14 Monaliry ras 100% Herbert and ‘Wakeford (1962)
Troat (cunbow} 1 4315 7 14 Mortality cus ~100% (CSS} Newcombe et Al ([999%)
Salmonid eggs snd larves ((reshwater, growp 4}
Grayling (Arctic) SF hl | U {0 Mocalry ra .7% 1. LaPerrere (personal
o communcaton )
Gaayling (Arcus) SF 2 a8 10 Morulity rag 14.0% 1. LaPerriere {personal
commumcanon }
Caayling |Arcus) SF -] 24 10 Monality rue (5.0% 1. LaPerners (personal
COMmMUMNCENOn )
Grayling {Arcuc) SF pi%kd n {0 Morualicy rue 4.7% 1. LiPeriers (personal
: CommRCAnOn )
Grayling (Arcuc) SF 20 9% 10 Morality rue 11.4% ). LaPertiere (personal
. cornmunicacon )
CGrayling (Arcnc) -~ SF 142.5 43 1] Morality ram 26% 1. LaPuriers (personal
COMMUICENOO }
Gruyling (Arcuc) SF 188 n 12 Mocality rues 413% 1. LaPemiere (personal
. commonicanon )
Grayling (Ascuc) SF 230 9% 12 Moruliry ram of 47% 1. LaPemere (personal
. communicRnon )
Salmon E n? 960 10 Maortaiiry; detertoranon of Cederboln et ak. (1981)
pewning gravel . . R
Saimon {chami E 97 1808 13 Monality s T7% (controls. 6%)  Laager (1980)
Salmon (coha) E 157 1,728 14 M ity rate |00% |conool Shaw and Maga {1943)
: 162%) ’
- Swelhesd E 37 1,488 12 Haching succews 42% (controis. Slaney « al, (197%)
§3%) :
“Tromt E 17 960 10 Morulity; detenorsnon of Cederholm e sl (1981)
spawmng pravel R
= Troxa (raisbow) EE 1.750 144 10  Monslity mio gresey dan Campbeil (1934)
conwols (coawolt, &%)
Trom (razbow) E 4.6 1.152 1 Mortality am 40% Slaey et al (197TH)
Troot (rasbow) E 57 1,438 12 Morality rae 47% (congois. Slapey ex ol (1977D)
12%)
Trout {rainbow) E 120 334 13 Maorality rues 60~70% icongols.  Esmnan and Lignon (19%8)
33.6%)
Trout (raisbow) E 20.3 1,182 13 Mornality rae 2% Slaney et 2l (19772)
Trot {rainbow) E 466 1,152 14 Moruliry ram 100% Slaney e ab (19770)
Trom (raindow) E 10t 1.440 14  Monality rae 98% (coonols, Turnpenay and Williams
) 14.4%) (1980 .
Noossimotid eggs and larvae (ostunrine?, growp 4)
Bans (striped} L 200 Q.42 4  Foeding ran requced 40% Brestbury (1988)
Bams (wrped) E 300 24 9 Development rae siowed Moegan e al. (1983}
significantly
Bass (striped) E 100 24 9  Haeching delayved Schabet and Wang ([977)
Bass (striped) E 1.000 168 10 Reduced hawcning suceess Anid and Schobed {1978
Bass (stryped) L 1,000 68 Il Morumiity raue 15% (conrois. Auid and Schabed (1978)
. 16%3
Bass (szriped) L 500 b 12 Mortality rus 42% {comols, Anid and Schubet (197%)
17%)
Bams (strepedd) L 4338 p2 12 Morality ram 50% Margan ot . (1973)
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Fuh respoces
eV Deacnpuor Raference

10 Maralry raes 0-20% (DE)

10 Maraliry raes 0-15% (KXY

1 Moralyy rues 10-33% (KO
12 Movaisy rues 35-45% (DE)
17 Morairy raes 5-30% (KOY

12 Moralsy rues 25-80% (DE)
' Moralry rae 0% ICS)

12 Mormbry rae 30%

14 Morainy rate 100%

14 Moruiny rue ~100% (C35)

d larvee |{resnwater. groap 4)

10 Morualicy rate 5.7%

10 Mormliey rue 14.0%

10 Mormlity rae 15.0%

10 Morwinry rue 14.7%

10 Moralry rue (34%

1l Momaliry rate 26%

12 Morualiry rate 41 3%

12 Movuality rae of 47%

10 Moruliry: detenorsoos of
spewnag pravel

3 Moruiiry raze 77% (comrots. 6%)
4 Moraliry roe (00% (couuoin

16.2%)

2 Hawhing succens 42% (contols,
43%)

0 Mortaliry: detenorsaos of
spawemy gravei

! . Momiity rae 47% (cveqols.
L)
iy rares $0-70% {conwots,
IR6%)
] Morality raze T2%
L Movatiry e {00%
M licy race 9%

Herbent and Merkeas (1961)
Herbert and Merkens (1961)
Herbert and Merkens {1941}
Herbent and Merkens (1961)
Herbert and Mevkens {1961)
Herbert and Merxens (1961)
Herbert and Wakaford {1562}
Herbert and Wakeford (1962)
Herbent and Wakeford (1962)
Newcombe ct . {199%)

I
d

I LAPtrnac(peHml‘

1. LaPemiere (perooal
communicaion }

Cederholm ex al (1981}

Laoeer (1980)
Shew and Mags (1943)

Slaney e al. (1977D)
Cedemotm et al. (1981)

Campoeit (1954)

Slagey et sl (1977
Slaney et al. (1977D)

Erman snd Lignon (198%)
Slaney et al. (19772}

Sisney et ab (19770}
Turnpenny and Williams

14.6%)

4 \nrvee (esaanned, proup <)

Feeding tawe reouceg 0%
Devetopment rawe sowed

Morulity raze J5% (coagrois,
16%)

Mortalicy rate 42% (coogois,
17%)

Mortaury rae 50%

(19801

Breiburg (1988)
Morgaa et al. (1983)

Schmbel and Wang (1973)
Auld ang Schubei (1978)
Awid and Schupel (1978)
Auld and Schubel (1978)

Morgan et al (1573)

Lie
Species saget
Hemng L 1 3 1 Depeh preference changed Sobmaca sd Wikiish (19€D -
Herming (laka) L 16 U ] Depi praferenca changed 4. Swenarn s Mazson () F76) -
Hemng (Pacusic) L 1.000 2 4 Fooding e reduced . Boshiort sd Morgan {1985) ,
Hemng (Pacafic) L 1.000 4 L3 M | damage w0 epvd X Boehlert (1984)
Hemnng (Pacinic) L 4,000 b2 1 Eprdernus puacmred; m:xmn;u ’ wnws
. less distinet

Perch (white) E 300 24 9  Egg development slowed Mor;-cd.(l?t]\

ngnificsatty ’ K “ «
Perch (whuwe) E 100 2 9  Haching deisyed 2 4 Sd:ﬁqu‘(lm)
Perch (whutey £ 1,000 168 10 Reduced hamhing success . Auid ad Schabel (1971) =
Perch (whte) L 123 43 17 Moraliry ram 50% -
Perch (white) L 7 24 12 Moraliry mm 0% )
Percn (whate) L 280 43 12 Monalry me 0% e
Pereh (yeliow) L 300 96 Il Morality s 37% {coonois, 7%)
Perch (yellow) L 1.000 9% I1  Moruiity ram 33% {coonols, 7%)
Shad (Amencan) L 100 96 to Mornhtyﬂa 13% (controts. 5%)
Shad {Amencan) L 00 9% 1
Shad (Amencan) L 1.000 9% 11
Anchovy (bay) A 1 % 10
Anchovy (bay) A an U 12
Anchovy (bay) A 960 p2) 14
Bas | sooed) A 1.500 336 3
Bast 1smped) A 1500 336 )
Cusner A 23.000 n 12
Cunner A 133,000 2 2
Cuaner A 100000 pt 12
Cunner A T.000 i3 12
Fuah A 1.000 240 10
Hemng (Atannc) A 0 3 4
Hogenoker A 1240 24 3
Hogchoker A 1240 120 3
Hogenoker A L2 120 3
Killifish (somped) A 960 120 3
Killifish (strrped) A heowd 24 10
Killifish (szrrped) A 9.720 24 10
KiDifishs { stryped) A 3319 24 12 ‘{Sh:kud.(lwﬂ
Killifish (sorrped) A 12820 U 12 ol
Killifish (smped) A 16.930 24 13 R
Killifsh { striped) A 6.136 24 14 - f'
Menhagen (Adentic) A 154 24 10 -«
Menhaden (Atlanac) A 247 24 2 §
Menhaden (Atlannc) A 196 24 14 -3
Minnow (shesmnesd) A 200.000 2 10 T -
Mianow (sheepshead) A 300,000 4 1 E
Minnow (sheepshead) A 100.000 4 14 . TA.
Mummichog A 300.000 2 10 R,
Mommchog A 2447 M 10 T e
Muammnchog A 3.900 ] 12 C A
Mumnuchog A 6217 24 14 LT
Perch (wite) A 650 120 6 CoR T
Percn (whute) A 650 120 6 -
Perch {white) A 650 120 6 ’;
Poret (whte) A 308 120 8 -

damaged = et A pri
Perch |white) A 630 120 3 Wmnnﬂw Msl(lwn i z
Perch twhie) A o8 b2 10 Morlity rae 10% (FE) . Sheck e sl (1979) 7
Perch {whize) A 98 2 12 Mommliy ram 0% .t F jsuxaxurm 1'
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