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EXECUTIVE SU'v4Xi$ ARY

L~~ODUCT10~The primary objective of this project was to analyze long-term trends in Puget Sound marinefishes based on a synthesis of the available data. A secondary objective was to establish baselinesagainst which future fish monitoring efforts could be cotnpared and evaluated. An additionalbenefit of the project was the identification of the collec tion methods used over the years, whichcan be used to help define standardized methods so that future investigations can be conducted in a
compatible fashion,

METHODSThree data sets were chosen for trend analysis: Geographical distribution data, University ofWashington research beach seine data, and University of Washington research trawl data.The geographical distribution data consisted of fn.~fluency-of-occurrence  presence or absence!data that was analyzed for all of Puget Souncl and for central Puget Sound in terms of �'! the
occurrence of rare  exotic! marine fish species that entered Puget Sound from ocean waters onoccasion or historically had rarely been observed, ance �! the occurrence of marine fish species that
were commonly caught in research trawls in Puget Sound,From 1950-1972, a series of similar beach seine collections made at Golden Gardens; Seattle,was analyzed for trends in species richness, species chversity, and English sole catch-per-unit-
effort  CPUE!,Finally, a series of research trawl data from 196' 1987 in Port Gardner  Everett! bay was
analyzed for trends in species richness, species diversity and CPUE.

RESULTS

EntIr Pu n L n - D m g~~M~n< Fiiti T~n~ jig
Peak occurrences of rare species occurred during unusually cold �918-1919, 1971-1975! orwarm �963-1965, 1983-1984! years, except for th<: peak in 1932-1935, which was a transitionperiod from warm to cold temperatures. We think that routine monitoring of rare and unusualPuget Sound fish species yields important data, wh«..h to the best of our knowledge has not beencollected since 1976. Although we do not claim th «keeping current records of unusual occur-rences of rare and exotic fishes is the most important Puget Sound monitoring tool, we think such

monitoring can provide an early warning of environmental changes to Puget Sound. n general, the analysis of marine fish trends in Puget Sound based on relative frequency-of-occurrence data  a form of CPUE! indicated that while research data did seem to measure realchanges in abundances of some Puget Sound marine fishes, there was no indication of a seriouschange in the relative occurrence of tiiarine fishes .n Puget Sound. We noted that, by itself, dataon commercial species is often not very useful for looking at long- term trends in fishes other thantrends in the fishery itself, which may be impossible to separate from trends due to natural environ- ",mental changes  e.g., El Nino! and uiinatural perturbations to the environment such as habitatdestruction and toxic pollutants. We believe that a strong case can be made for monitoring as many,

vill



iion-econorriically important fishes in Puget Sound as;essible; ideally, assemblages of fishes
occupying the major habitats in Puget Sound should b monitored.

L n~-t rm Tr 1

Species richness at Golden Gardens beach in Seatt I declined significantly from 1950-1972. A
suggested reason for this decline was the habitat disturbance and change which occurred with the
construction of the Shiishole breakwater in 1957-59, At Port Gardner in Everett, fish community
measures  species richness and species diversity! were stab Ie, but the CPUE of three coriirrion
flatfish showed a decline frotn 1965-198'7. Although ~e do ttot have a specific suggestion as to
~ hy this decline may have occurred, Port Gardner is well known to be located in an urban
environment that has undergone continual alterations iriduced by humans.

We think these site-specific results further indicate the value of long-term monitoring using
both community indices and individual species  both c ommercial and non-commercial "index"
species! abundance measures of marine fishes in Puget Sound.

RECOABvKNDATIONS

We think that monitoring of rare and unusual fishes in Puget Sound would provide useful
baseline data; it can be done relatively easily and accurately, although it should be done formally
instead of informally, as is now the case, Conversely, while recording the frequency-of-
occurrence of reports for Puget Sound fish species  and then standardizing the data to English sole
for a surrogate CPUE! was useful in generally showing that major changes in the frequency-of-
occurrence do not appear to have taken place to date,:;uch an approach is too qualitative for
monitoring purposes. Instead, we think the use of standardized trawling and beach seining catches
for long-term community measures and CPUE data, s Lich as analyzed in this report at Golden
Gardens and Port Gardner, is the approach to take in monitoring the long-term ecological health of
Puget Sound marine fishes. Other long-term data sets from standardized sampling exist and
should be compiled and analyzed as was done for this project, although our experience indicates
that much of the data will have to be extracted by hand from logbooks, which is time-consuming.
However, assuming that monitoring of Puget Sound inarine fishes will be part of the Puget Sound
Ambient Monitoring Program, which will follow the tecornmended Puget Sound Estuary Prograni
protocols for trawling and beach-seining, the compilation and analysis of other long-term data sets
should be done both for general Puget Sound regions  e.g.. central Puget Sound, northern Puget
Sound!, and for site-specific areas  e.g., Port Orcharc. in central Puget Sound and Deadman Bay in
the San Juan Islands!, where sampling was done in the same manner as the standardized protocol.
This data needs to be compiled into a usable database to ensure that it does not become lost or
unusable as researchers come and go over the years,

New data that are collected in a standardized fashion should be added to the database at regular
intervals to ensure that  I! the database remains current, and �! data do not become lost through
lack of proper documentation. The task of developing and maintaining the database should be the
responsibility of one entity, but the data sources could be from a number of research efforts. lt
would be the responsibility of the central entity to evaluate new data to determine if it is suitable
and appropriate for inclusion in the database.





temporal and spatial coverage and were of sufficient cpulity o evaluate trends in selected species or
assemblages, and at selected locations, over time. The one lusion was that there is data available
for looking at trends over long periods of time.

To select a data set for further evaluation and possible inclusion in the characterization, we
identified the following main criteria:

the data set was collected over 3 or more year. using consistent methods;
the data set suppletnents similar infortnation a t extends the period of record from other
sources; or

the data set appeared to have the detail needed to reveal changes over time in species
composition, abundance, or size structure of r..",.arine fish in a specific area.

The results of this prior data evaluation have indicated that salmonids are the only species to
initially be excluded, and that the University of Washington Puget Sound research on fish
distribution, beach seining, and trawling should be atialyzed.

MATERIALS ANI! METHODS

NAMES OF F1SHES

Both common and scientific names of fishes are given the first time a fish species is mentio"
in this report, after which only the comtrion name is used. However, a list of the scientific and
comirian names of all fishes referred to in this report:.s given in the Appendix Table.

DATA

The data we chose for the initial evaluation and trend analysis were as follows,

The frequency-of-occurrence  presence or absence! data were examined for selected
tish in four Puget Sound geographical areas  Puget Sound total, north Puget Sound, central
Sound, and southern Puget Sound!; the data were taken from primary literature, technical
log books, etc., from the mid-1800s to the early 19,'Os  over 200 data sources; see Miller
Borton, 1980!. Fish species were selected for analysis if they fell into one of two category
rare species of marine fishes that entered Puget Sound fnotri ocean waters on occasion or
historically had rarely been observed, and �! marine fish species that were commonly cau
research trawls in Puget Sound.



f n~iv r irv of W hin n R h B ~hin Darh

An excellent series of similar beach seine coUectiuns were made at the Golden Gardens

 Seattle! beach between 1950 and 1967, with some periodic sampliiig after that. These data were
transfer from the original logbooks to data entry forms a»d then entered into the computer for

analysis.

T'v i W

These data were considered excellent for the objectives of this project because they presented a

good opportunity to evaluate site-specific, iong-term trends in Puget Sound marine fish abundance
and distribution, and would complement similar trawl data trom the EPA Puget Sound Ambient

Monitc ting Program. The data were collected primari l y under the direction of three UW research-

ers  Drs. Thomas S. English and Allan C. DeLacy, deceased; Dr, Bruce S. Miller! using stand-

ardized collection techniques. In the preliminary survey of available data, the areas that showed the

greatest potential for evaluating marine fish trends were Port Orchard, Port Gatdner, Bellingham

Bay, Port Madison, and Case Inlet. Since the most pr<>misi ng data sets  for our trend analysis!

appeared to be from Part Gardner, and owing to the general difficulty encountered in formatting

the data &am all locations, only trawl data from Port  iardner were analyzed for this project.

ANALYSIS METHODS

The Puget Sound marine fish data were analyzed for trends over time. When evaluating

historical data that were originally collected without the objective of long-term trend analysis, it is

necessary to do a "retrospective analysis"  Champ et sJ. 1987!, which relies on the reconstruction

of long-term records from existing data. With this approacJi, the analysis techniques are dictated

by the quality and quantity of the long-term data available. Both qualitative and quantitative

analyses of long-term data are useful because the emphasis of such studies are on trends and
correlations; causality, unfortunately, car<not be determined.

This data set was compiled from the available geographical distribution data and was supple-
mented by additional information from Dr. Alan Mearns  NOAA, Seattle}, Wayne Palsson

 Washington Department of Fisheries! and Dr. David Ruharty  UW School of Marine Affairs!.

Only rare 1'unusual, exotic! species recorcls that had been verified by an expert were included in the

analysis. The rare species data are qualitative in the sense that only presence or absence data were

available, and we we know of no way to indicate, or even estimate, the annual effort expended at

noting rare species.



Iniorrnarion was entered into a spreadsheet program Microsoft EXCEL! using a Maciiitosh
PC, and calculations and plots of species presence were mad»,
D~ata ets; ommon Dem al S ecl s Fr~needy- >t-o,'cu>rance 1932-1972

These data sets were also compiled from available;,lx>graphical distribution data, in this case
on the f;equency-of-occurrence of Puget Sound demer,..il fishes, where a single net-haul catch whether one specimen or many! of a species equals on. frequency-of-occurrence record. In
addition to looking at Puget Sound in total, we divided Puget Sound into four geographical areasfor separate consideration  north Puget Sound, central Puget Sound, south Puget Sound arid F!ood
Canal, Fig. 1.! On the basis of preliminary analysis, we: decided to only evaluate commondemersal  or near-demersal! fishes caught in demersai nets since this was the only large data set
arid because we felt it was the most reliable  species identifi carion, likelihood of species being
recorded!.However, a major difficulty in evaluating this long- terrri data set axose from the lack oisampling effort data, and clearly frequency-of-occurrence is a function of sampling effort. In order
to make the data at least qualitatively useful, we chose English sole  Parophrys vetulus~-the mostubiquitous, abundant, and commonly identified species of' Puget Sound demersal fishes  i.e., mostlikely to occur in a trawl! � to represent sampling effort and to allow relative quantitative cornpari-
sons a the other species. Specifically, the sampling effort for 1 year was considered equal to the
iiumber of reports of English sole for that year, and a 'catch-per-unit-effortaa  CPUE! v as calcu-
lated for the other species by dividing their frequency-of-occurrence by that of English sole foreach year. Justification for this unusual effort rneas ce�rement was based on a preliminary survey of
rese irch trawling data thar. we had for several trav 1 types, trawl speeds, trawl depths, trawl1ocaions and by seasons and time of day; in 96% ol: the individual trawls examined, English solewere present. Also, the fact that the "English sole' CPL3'. calculated in this report for individual
species  see Results section! rarely exceeded 1.0 further indicates that English sole presence
 frequency-of-occurrence! was a good indicator of effort.To determine trends measured by this "English sole" CPUE for common Puget Sounddemersal fishes, we made calculations and plots ot CPU E using a spreadsheet program  Microsoft
EXCEL} on a. Macintosh PC.

The Golden Gardens beach  Fig. 1! data set caine from the original entries into the University
of Washington's School of Fisheries log books from 1950-1967, and from scattered records from1967 to 1973. Data were hand copied to compute~ format forms, entered onto computer disks, and ..
then analyzed on a Macintosh PC.



Figure 1. The four sampling alas  in quotes! used to group reports of fish occurrence in Puget
Sound, and other place names.



The data from 1950-1972 consisted of Iocatior.. year, day, time, gear type, species eau< ht, arid
the ..otal number of specimeris of each species caught. Species richness  SR!, defined as the total
uunibex of species caught, was calculated for the Golden Gardens data; although a simple
calculation, Pielou t'1975! considers species richness as a useful tool in ecological studies ot
aquatic communities. Species diversI ty  H'! was also calculated for the Golden Gardens data:
species diversity combines the numb< of fish species air d their relative abundances. Species
diversity  H ! was calculated after Pielou �978!:

H = Z pi ln pi
i=1

l

v here p; is the proportion of the comrtiuruty that belonged to the i> species, and n is the number o
species.

Data et: eritraL tS un I n n Bah En lih I P 1 -172
This data set also came from the original entrie s into the University of Washington's School-

Fisheries log books from 1950-1967, and from scattered records from 1967 to 1973. Data were
hand copied to computer format forms, entered on to computer disks and then loaded onto the V
mainframe computer at the University of Washington, and on to a Macintosh PC; programs us
for anaiyziiig for yearly trends in the data  regres >ion malysis! were SPSSX and SYSTAT..

Preliminary examination of the Golden Garder~s Beach data set revealed that English sole '
the only species at Golden Gardens with sufficient count data for long-term analysis. Differett
in the season of the year, time of the day, and gear type were accounted for in the analysis b"
appropriately grouping the data based on statistical comparisons. II

ntral nr

The Port Gardner Bay  Fig. I! data set consisted of three subsets: 1966-1967, 1973-1
1986-1987. Various parts of this data set were iri original log books, on 80-column comp
cards, or on magnetic tapes. Data was hand copied or translated for data entry onto compti
disks, and then loaded onto the VAX mainframe at the UW, and on to a Macintosh PC;
used for analyzing the data were SPSSX, SYSTAT, and EXCEL. The data in the 1960s' ' CA"

l970s were restricted by the original investigator  Dr. Tom English! to the 14 most
species caught during those perioeL», so we also evaluated the 1986-1987 data for those
species in regard to species richness  SR14!, sp~ies diversity  H'14!, and CPUE of
 number of a species caught-per-5-min-tow!; species richness and diversity are ab
"SR14" and "H'14" to indicate that only data for the 14 most common species were

analysis.



96- 99

The Port Gardner Bay data set of 14 species allowed us to analyze the CPUE  number of fish
caught-per-5-minute-tow! trend for 6 specie of fish that were caught regularly, and in adequate
abundance, from 1965-1987. S PSSX ancl S YSTAT ~ ere the statisticai prograzns used for sum-
marizing and displaying the data on a yearly basis. and for regression analysis. Differences in the
seasons of the year, time of day, and gear type were accounted for by appropriately grouping the
data based on statistical comparisons.

RESULTS

RARE 'SPECIES PRESENCE OR ABSENCE, 1863-1987

Fish distribution records archived at the University of % ashington through 1976 were com-
piled and examined for the occurrence of 27 species deemed to be rare  Table l!, and the number

of rare species seen in any 1 year from 1863 to 1976 was plotted  Fig. 2a!. These records were

then rearialyzed using a more restricted list of rare species that is monitored by Dr. Alan Mearns at

NOAA ';Table 1!, but which extends the data set from I 863 <o 1987  Fig. 2b, Table 1!. Finally,
data ozi a sznall group of rare species  Table 1! recorded by the Washington Department of
Fisheries from 1977 to 1987 were also coznpiled and p iottec,  Fig. 2c!.

The data indicate that peak occurrences of zareNncoirizzK ti species appear to have occurred

during tIie early 1870s, the early 1880s, 1918, the true- 196!s, 1972, and 1983  Fig. 2!.

COMMON DEMERSAL SPECIES CP t JK, 1932-1972, FOR THE EM'IRE PUGET
SOUND  INCLUDING WDF COMMEI<CIALjRECRZA'TIONAL DATA TO 1987! AND
FOR CENTRA PUGET SOUND

The use of English sole frequency-of-<xcuzrence to represent sampling effort resulted in

sample sizes adequate for examining Puget Sound as a ~hole, and for central Puget Sound  Fig.
1!, but not for south Puget Sound, north Puget Sound or Hex<i Canal. The data set extended from
1932 to 1972. In addition, for the entire Puget Sound v, e ha~ e included WDF commerciaI/

recreational fish data  Schmitt 1990!, whic h extend the data set for some economically important
species to 1987.

. English sole  Parophrys vertdus! frequency-
of-occurrence reports  "catch"! in research samples showed a general increase into the 1960s, as
did English sole commercial catches and CPUE  Fig. 3!, but since the later 1960s, the commercial

CPUE has shown an overall moderate decrease, and quite a bit of variability. No English sole



a. Rare species, h,loller list

N

4 2
10-

1863 1902 1912 1922 19 2 1952 1962 1972

b. Rare species, htearns list

1962 1972 1981932 1942 19521863 1902 1912 1922

c. Rare species, ADF list

N

2'

1987
19621977

Fil~e 2. Number of rare species  N! in Puget Soured reported by year.



idler Mearns WDF
list~ list~ list*Scientific nameCommon name

Sixgil1 shark
Sevengill shark
Thresher shark

Basking shark
Blue shark
Pacific sleeper shark
Pacific angel shark

Hexane bus g riseus
Notorynchus macular us
Alopias vulpinus
Cetorhi nus maximus
Prionace glauca
Somniosus pacificus
Squatina califnrni ca

X X X X X X
Torpedo californica

Nemi chthys scolopaceus

Sardine ps sagax

Engraulis mordax

Allosmerus elongatus
Mallotus villosus

Sy nodus lucioceps

iVotolepis coruscans

Alepisaurus ferox

Pacific electric ray

Slendei sriipe eel

Pacific sardine

Northern anchovy

%'hitebait smelt

Capelin
X X

California lizardfish

Ribbon barracudina

[wngnose lancetfish

X

Diaphus theta
Stenobrachius leucopsaru s
Tarletonbeania ere~'aris

California headlightfis h
Northern lampfish
Blue lanternfish

S Iripeci bass

Pacific pomfret

Morone saxatilis

Brama japonica

White seabass
White croaker

Cynoscion nobilis
Genyonemus lineatus

X XSphyraena argenteaPacific: barracuda

Pacific: bonito
Chub mackerel

Sarda chiliensis
Scomberj aponicus

X
X

Peprilus simillimus
Mola mala

Pacific pompano
Ocean sunfish

See te~t for explanation of sources.

Table 1. Lists of rare species from Puget Sound, 1'63-1987,
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research CPUE can be calculated because the frequency-» -occ urrence for English sole is a direct
reflection of sampling effort and is therefore used as the effort data in calculating research trawl
CPUE for all other species caught in research trawls.

Research data indicated little change in the relative abundar ce of dogfish  Squalus acanthias'!
from the late 1940s through the early 1970s., whi1e the commercial catch data reflected almost no
catch iii the early 70s, a high catch in the tate 70s, and then a decline to a rnid-level catch in the 80s
 Fi<�, 4!. Both research and commercial data for Pacific =ad  t'gradus macrocephalus; Fig, 5!
indicated an increase in abundance from the 1940s to th» rnid-1970s, when CPUE peaked, and
then a CPUE decline until the 1980s, when it appears to nave stabilized. Shiner surfperch
 Cymarogasrer ag greg ara! caught in research sampling showed an increase in CPUE from the late
1940s to the early 1970s, although a noticeable drop occurred 'in the late 1960s before increasing
again in lie early 1970s  Fig. 6a!; commer;ially caught surfperch  striped seaperch, Ernbiotoca
lateralis, and pile perch, Rhacochi lus vacca ! CPUE declined during the 1970s and stabilized
during the 1980s, but there was some indication of an i ~crease in the late 1980s  Fig. 6b!. Copper
rockfish  Sebastes caun'nus! were infrequently caught in research samples from 1950 through
1970  Fig 7a!, while the total commercial catch of rockfish  Sebastes spp.! increased during the
1970s and stabilized during the 1980s  Fig 7b!. Lingcod  Ophiodon elongarus! occurrence in
research samples was in frequent and showed little change except for a 1-year increase in the early
1960s, and a marked increase in the early 1970s; total catch data in the lingcod fisheries indicated a
moderate decline in the 1970s, a pronounced increase in the early 1980s, and a fair1y stable catch
through 1987  Fig, 8!.Starry Rounder  Platichthys stellatus!, rock sole  L pido psetra bilineata!, and sand sole
 Psetrichthys rnelanosrt'ctus! are shallow-water fiatfish that overlap in many habitats with English
sole; unfortunately only research trawling data is available on an individual species basis for these
commercially important species. Starry f1ounder and nmk sole showed a general increase in
relative abundance in the 1960s, while sand sole showed little overaH change  Fig, 9!, Flathead
sole  Hippoglossoides elassodon! and Dover sole  Mi'rostomus pacijicus!, which generally
overlap with English sole only in deeper water habitat, both seemed to show decreases in their
relative abundances in research sampling from the 1990s to the early 1970s  Fig, 10!.

. Long-term data were available for Gve species of fish not
considered to be commercially ar recreationally impartant, but which are potentiaHy affected by
other factors  such as environmental! infiuencing population regulation: ratfish  Hydrolagus
colliet !, tomcod  Microgadus proxirnus!, staghorn sculpin  Leptocotrus armatus!, roughback
sculpin  Chitonotus pug etensis!, and the, snake prickleback  Lumpenus sagitta!. None of' these
species caught in research samples. except ratfish, showed clear upward or downward trends in
relative abundance  Fig. 11!. In general, ratfish showed a declining trend in the early 1950s and
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J>er, stabi! ized; tomcod data gave an indication of, i poss,ble 10-year cycle with a period of peak
abundance in the 1960s  but a longer time series I. needed to cover another 10-year pe>pod!. and
n>ughback scuipin, staghorn sculpin and snake pti': kleb.sk may also be showing the same cycle as
tom cod.

Commercial d cr ti nail irri~~Lf~i'hg.i. The central Puget Sound relative abundance
or CPUE data from research sampling, which was .'.gair standardized to the English sole effort
da ".  Fig. 3!, were similar to the entire Puget Soun<! dat.;. from the late 194Qs to the early 1970s
  Figs. 12 and 13! Pacific cod, shiner perch, copper ro;kfish, Lingcod, starry flounder, and rock
sole showed general increases in CPUE; Dover sole". andri flathead sole showed decreases; and
dogfish and sand sole showed little change in CPL IE.

'Aon-comm rcial ati naL fi h~. Five species ol non-economically important fish � ratfish, � ��
fl~4

tomcod, staghorn sculpin, roughback sculpin and ' nake prickleback � did not show general trends -:~-.:;:
tow.ird increasing or decreasing CPUE over time t ig. l4!, although some possible shorter-term
abundance cycles may be present. However, it appears .hat unexploited  non-economically
important! Puget Sound fishes have not exhibited Iong-term changes in their relative abundance
from the late 1940s to the early 1970s.

intr I

Ln order to avoid bias of seasonal =hanges In .;p:~ies assemblages and species abundance, the
Golden Gardens beach seine data was partitioned 1', sea.an for analysis; this partitioning revealed �'.�=-'-.,

. "'994'"
that only the spring season  April and May! had be..n saiiipled frequently enough for examining,.--
long-term trends in the data.

A plot of the spring season species richness  number of species present! at Golden Gardens
beach from 1950 to 1972  Fig. 15!, evaluated by re,~ss.on analysis  weighted by the number of
hauls made!, revealed a significant  p <0.05! decLiiie in the number of species Rom 40-50 in the
earl's 1950s to 15-20 in the early 1970s. A histogr;im of the spring season species diversity index,
H'  Fig, 16!, also indicated an overall decline in thi,, index, but the decline was not statistically
sign; ficant as a long-term trend regression line  p::~!.05 i

13ecause of its ubiquitous abundance and freqiiency, .=nglish sole was the one species with
enough sampLes for CPUE to be calculated. A plot IFig. 17! of the mean of the natural log
transforination of the catch of English sole did not cevea! a statistically significant  p M.Q5! change
over time in the CPL.JE of this species. These data ~ ere .iso partitioned by capture time  day vs.
night! and analyzed. but no statistically significant erends were observecL
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"enttat Pn et o n Port deer Tt~wl Dat let~-1<!$7

'I rawl collections made in Port Gardner from 19t tS- I!187 were always made during daylight
hour., were approxiznately equally spread over all fthm ur seasons, and were made from three depths
 hahitats! which have previously been shown to ha~ e significantly different fish assemblages
as ociated with them in Puget Sound  Wingert and '.stiller 1979!. Depths sampled were 10-3 ! m,
30-. 0 m, and �0 m. Unfortunately, only the 14 � able ! most commonly caught species
 overall! were included in the database, which meani that true species richness or diversity indexes
could not be calculated; species richness and diversii y based only on the occurrence of these 14
species did not show any trends or statistically signi tican i differences from 1965-1986, either on a
seasonal basis or on a yearly basis wit'n all seasons 'ombined  Fig. 18!. Analysis of CPUE trawl
data by species indicated that the data needed to be partitioned by season of the year and by depth
to lo >k at long-term trends in CPUE. Six species  :-..nglish sole, starry flounder, sand sole, rock
sole, slender sole and staghorn sculpin! had sufficient data when separated out by seasons and
depths to do this analysis.

~i~t,, Statistical analysis iridicated that 1.:.nglish sole data could be pooled for summer
and fall seasons  July-December! and for the 10- to >0- ni and 30- to 70-m depths. During sum-
mer md fall, English sole CPUE at a depth of 10-71 ! m  i«termediate Puget Sound depth habitat!



'<'z ble ". List ot the 14 most comition species;i < Por . Gardner  grouped by families!.

Scientific name

Hydrolag us collieiRatfish

Ver<uccius producrus
Kc ogadus prozimus

Pacific hake
Tarncod

Seb<~tes sp.

Lep,.ocortus armatus

Rockfish

S taghorri sci.<lpin

Ci r Jiarichrhys sor di dus
Cirt;.~ichrhys sngmaeus

Pacific sanddab

Speckled sariddab

Isop terra i solepis
Lepidopserra bi lineara
Lyon>serfa Milis
Mi c -ostomus paci ficus
Par<>phrys verulus
Pla.'i chthys srellarus
Pse t tichrhvs melanos actus

Butter sole

Rock sole

Slender sole
Dover sole

English sole
Starry flounder
Sand sole

showed a negative trend  regression! from 196<-1987  Pig. 19!, which was statistically signific
  p �.05!, The English sole CPUE trend data is dharti: ularly useful for monitoring consideratio
because it is the largest data set and covers the 1<>ngest span of time �965-1987! ir< Port Gaxdn '

fl un r , Both starry f;<>und< r and sand sole are primarily shallow w

fishes and consequently were caught at the 5- tc 10-m depth habitat. Sufficient starry floundet:- '
sand sole CPUE data were available from 1965- 978. but not after that period because of the

o i shallow-water sampling in the 1980s.
Starry flounder CPUE data demonstrated a < 1ecline from 1965-1978  summer season! in

C ardner  Fig. 20'<, which was a statistically sigoifican t trend  p  .05!. Statistical analysis '
ir<dicated that the sand sole data for the fall, win:< r and spring could be combined, and a si
';p <0.05! decline in CPUE for sand sole from ~'~65-1978 was also indicated  Fig. 21!.

R ks I 1n tghgrn~jll< ri. The rock sole, slender sole and staghora''
sculpin data did not show any trend in CPUE over tin.<e  years!. The data was extremely v
a.~d there was not a statistically significant  p 4 ! 05! -:rend correlation of CPUE with year

1965-1987.
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ss  SR14! md species diversity  H'14! at Port Gardner Rom 1965-
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DISCUSS1cJN

/CORREL ATlOXS

' CJ9II7: Pt

fishes" as indicators of changes that are occurring in the ruarine environ-
88b!. By more than doubling;he number of what we considered rare or
ound  compared to Mearns 1988b;, we greatly expanded the database for
nd/cycle results obtained were similar, Ebbesmeyer et al. �988! have
changes in the Puget Sound area from 1916-1987, and there do appear !.o
lations of peak rare species ix currence and unusuaUy cold �918-1919,
963-1965, 1983-1984! years, except for 1932-1935, which were

arm to cold temperatures,

monitoring of rare Puget Sou»d fish species yields important data, which
edge has not been done since J '�6  Miller and Borton 1980!. Although
eping current records of unusual oci~ences of rare and exotic fishes is



the most important Puget Sound monitoring tool,. ~ e th.nk the case is quite clear  Mearns 1988a,

Schoener and Huharty 1985, this study! that such <monitoring can provide an early warning of

<. hanges to Puget Sound. One advantage is that rare spe zes do not reflect fishing pressure changes
 be< ause of very low abundance, rare species are: ot fi:hed in Puget Sound!, and thus may be

bio ogical indicators of environment il changes to Page: Sound  temperature, salinity, etc.!.

Changes seen in rare species would be particularl s usef".1 in cotnbination with other monitoring

propams in that the "preponderance of evidence t<: Iinique" can be used to monitor and evaluate

the Puget Sound environment.

to English sole occurrences! for several cornnion >'uget ~ound marine fishes that are of little or no

conimercial importance: shiner perch, roughback:aulpin, staghorn sculpin, tomcod, sand sole,

and snake prickleback. The period of high abundance was approximately 1960-1968. After this

per.,od, the catch rates generally returiied to the I:r<. -19&! levels, Other species, such as the radish, '.,':;.;,'.:,

dogfish, Pacific cod, copper rockfish, several flounder 'pecies, and lingcod, did not show a

similar period of increased abundance.

It is interesting to speculate that the years �9N 41968! of peak abundances of several Puget

Sound fishes might be correlated with warm-water year; of approximately the same tirtie penod, . "

especially when recognizing the probable unlike Lin< ss o1' a direct correlation due to the divergent

:ife history/ecological characteristics associated w uh th. species showing increases. Unfortun- . .'.

ately, Puget Sound fish research data for other wai;ii-w. ter years either is inadequate or  after

'1972! simply has not yet been compiled. Comme<~rial data are available for English sole, but,..

English sole are the primary flatfish harvested in Pugei !ound and after about 1972 the CPUE;

began a steady decline to rather low levels by the .nd of the 1980s, which was probably due ia

large pan to more restrictive fishing regulations i ti <pose '. to reduce the catch of sinall flatfish  

thus reduce the overall catch of fiatfish!, but no d< u bt at so was due to some overfishing  Sc

I 990!. The point is, data on commercial species at e often not very useful for looking at long-

rrerids in Ashes other than trends in the fishery itse<f, which may be impossible to separate

trerids due to natural environmental changes  e.g., El Kino! and unnatural perturbatians to thC:-

environment such as habitat destruction and toxic;ell ui Its. We believe that a strong case s

be made for monitoring as many non-economicall ~ important Ashes in Puget Sound as postal
ideally, assemblages of fishes occupying the major habitats in Puget Sound  e.g., Wingert
ivliller 1979! should be monitored.

~i- ifi n -t Trn

1 n ar n I 1 -1972. The data on species richness  SR! at Golden ~.
indicate a significant decrease in the number of spe Aes:hrough the early 1950s. Whil«c:.
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presented support such a trend, the analysis is strongly iaaf l:<ence:1 by high values during the first 3
years of: sampling �950-1952!; after that period, the specie; riel; ~ess appears reasonably stable.
However, there were no species richness values greater than 30 '.;ter completion of the Shilshole
breakv ater in 1.959, which was constructed dh<ring 1957 ar<;I, 19' 8  during which time there were
low specie s <archness values, possibly due to the constructio; activities and high water turbidity in
>he area � this was noted in the University of Washington,'I.:ho<- of Fisheries logbooks!. Species
diversity  H'! at Golden Gardens was also highest in the fi.-st 3 ears of sampling �950-1952!,
declined trough 1958, and then was quite stable from 19~4-1960.

Althougn we have pointed out a major habitat disturbance  construction of the Shilshole break-
water! that occurred immediately adjacent to the Golden G;<.<'den sampling site, which seems to
offer a possible explanation for the species de=line at Gold<.n Gardens, we have only presented a
correlation, not a causal relationship. Howev<a, we think that such forruitous sampling of a site
over a tiumber of years during which a major human-caused perturbation occurred demonstrates
the usefulness of monitoring fish assemblages in Puget Sound.

v 1 - . At Part Gardner,:9.,<. .14 <:ommonly caught species were

quite stable in terms of the measurements of species richness anti species diversity over the ex-
amined period �965-1987'!, although an increase in speci» diversity was indicated. Conversely,
CPUE of English sole, starry flounder, and sand sole decreased The cause of CPUE  abundance!
decrease of English sole, starry flounder and sand sole is u nknc ~n, but certainly Port Gardner is
well known to be located in an urban environtrient that has, <ndergone continual alterations induced

by humans  e.g., see Brow n 1988!.

STANDARDIZED IVKIHODS OF COLLECTING PUGET S<3UND MARINE FISH DATA

As expected, this project emphasized the need for standardizing the collection of Puget Sound
marine fish data, although much of the data collected since abou< 1970, and even the data collected
by Dr. Eng.Iish in the 1960s and much of the data by Dr. I;teLacy in the 1950s, has been reasonably
well standardized Fortunately, we have had the opportun<;y to provide major input into the
wri ting of the EPA-sponsored trawling and beach-seining Iirotocol for Puget Sound, and have
emphasized the importance of continuing to employ for m.:initoring purposes the standardized
collecting techniques begun in the 1970s, which were star«tardized as closely as possible to the
pre-1970s samp ling.

The biggest problem we faced was retrieving the data tram the format it had been stored in.
Although one might initially consider it an overstatement when Richener et al. �987! conclude that
long- term monitoring requires data backup on multiple media  paper, tape, mass storage, floppy
disks!, our experience supports this conclusion The sing le most frustrating part of our project
was the inability to electronically retrieve data from previous electronic storage systems, and
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:nstead having to go to the original handwritten d;nz in the logbooks. If rhe data had been stored
on .riultiple media .t would have helped consider,.>," ly, although it should also be emphasized that
unambiguous documentation must be included v i', 'i v hatever media is used.

 . TILITY OF' EX;COINED DATA AS HAS EL I."~ E I.<:!R FUTURE MONTTORING

Ex jrnining the tiistorical data proved to be exticemel i time-consuming, and we had only begun I

'.! examine a portion ot the available data. Howev; r, th: analyses we conducted contained the
I, cr.ious of the data that were predicted to require less w ~rk to extract for analyses  which

ur6irtunately did not turn out to be true!, and whii ',i woiild be good for evaluating Iong-term
trends in marine fisa populations.

We think that monitoring of rare fishes in Puge' Sound will generate useful baseline data and
can be done relatively easily and accurately, althou P it 'hould be done formaHy  i.e., the task
should be specifically assigned to an institution or .,gency! instead of informally, as is now the
case. On the other hand, while recorcling the freqi,ency-of-occurrence of reports for Puget Sound
fish species  and then attempting to standardize the data to English sole for CPUE! was useful in
gerierally showing that major changes in Puget Sound fi,,h species do not appear to have taken
place to date, such an approach is too qualitative ',i l: mionitoring purposes, which need to follow
standardized sampling procedures. Instead, we thif.k th» use of standardized trawling and beach
seining catches for Iong-term fish corrimunity mea: .irerr.ents and CPUE data, such as analyzed in
this report at Golden Gardens and Port Gardner, is he approach to take in monitoring the long-
terrr. ecological hearth of Puget Sound. marine fish<... It; hould be understood that major changes
to marine fish species abundance must take place b t'ore 'uch changes will be recognized by rnoni-',i s

rtorir. g programs, but that is far more desirable thari mrforrriing post-mortem analysis of missing
. sSrrspecies or populations of fish. Miller et al. �980'! ind t~<oulton �977! found that seasonal sampl-:.~"""~'--

ing of Puget Sound marine fishes by beach seining >r drk ing, as appropriate, would statistically - ='W~<
reco'nize year-to-vear changes when the population s had declinedfincreased 50-75%, these results
coti ld be improved further by more frequent samp'in g � we recommend  from experience! monthlg -"' ''-"

v sanksamPling, which would considerably reduce the chance t:lf a significant event  e.gra sPawning '-'
rriig ation/congregation! not being detected each ye,r.r,

s >,Other long-term data sets from standardized sarzipling exist  Moulton and MiHer 1987! and '='-.
should be compiled and analyzed as was done for th..s project, although our experience indica~ ---.,
that much of the daLi wiH have to be extracted by hand fr»m logbooks, which is time~onsurrrrrrg
However, assuming that monitoring of Puget Sound marine fishes will be part of the Puge< So
Ambient Monitoring Program, which wiH follow the recommended EPA protocols for trawling ..
nesch-seining  FIl e: sl 1990!, the cotnpilation aoc snail sis of other long-term data sets shotd
done both for general Puget Sound regions  e,g., ce litral Puget Sound, northerrr Pug« ."o~>



and for site-'pecific areas <e g,, Port Orchard in central Pugct Sound and Deadman Bay in the San
fuan Is'ands!, where sampling was done in the same mann~ as recommended in the standardized
protocol. Such data need to be compiled into a usable data 6.use '.:i ensure that it does not becom�.
.'ost or unusable as researchers come and go over the years

Nev, data that are collected in a standardized fashion sh i old be added to the database at reg.ilar
.ntervals to nsure that �! the database remains current, an:.  ,2! data do not become lost through
iack of proper documentation. The task of developing and: nain:aining the database should be the
;.sponsibility of one entity, but the data sources could be !rom a number of research efforts. It
would be the responsibility of the central entity to evaluate new data to determine if it is suitable
and appropriate for inclusion in the database.

One final recommendation. The Puget Sound Ambient: Vlonitoring Pro~ has sponsored a
number oi historical trends analyses similar ta this one  e.g, water quality, sediment contami-
nants, benthic communities! that, when taken together, shciuld y ield much better evidence for
certain trends and possible causes than any one of the studies al;~ne. %e certainly hope and
recommend that the final project be a. report that summarize s ana synthesizes all of the individual
project reports, and that identifies and evaluates the possible causes for the changes over time that
have taken place in Puget Sound.
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.'~ppe»K» Table 1. Scientific and corninon names i >..' spei.ies of fish referred to in this document.
usted by families, and within a irnil., alphabetized by scientific names  a.-.'ter
American Fisheries Society, 1' 'iA'I.

Famdv Hexanchidae. Cow Sharks

llexanchus gris<:us, sixgill shark

v'otorynchus rnaculatus, seven gill

shark

I=ami ly Gadidae, Codfishes

Gadus rnacrocephalus, Paciric cod

Merluccius productus, Pacific hake

Vi crogadus proxirnus, Pacific tomcod

Family Percichthyidae, Temperate Basses

Vorone saxalilis, striped bass

Family Bramidae, Pomfrets

'qualus acanthi as, spiny dogfish

F amily Squatinidae, Angel Sharks

'quan'na califorr<i ca, Pacific angel

shark

Brama japonica, Pacific pomfret

,=am.ly Sciaenidae, Drums

vnoscion nobilis, white seabassFamily Torpedinidae. Electric Rays

1'orpedo californica, Pacific electric ray

Farni1 v Chimaeridae, Chimaeras

Xillosmerus elongatus, whitebait smelt

hlallotus villose», capelin

Farnil y Paralepidae, Barracudinas

0/otolepis coruscans, ribbon

barracudina

!comberj aponicus, chub mackerel

Fattu ly Strnmateidae, Butterfishes

~eprilus simillimus, Pacific pompano

Farm ly Scorpaenidae, Rockfishes

!ebastes caurinus, copper rockfish

Family Alopiidae, T'uesher Sharks

;tlopias vulpi nui, thresher shark

Family Larnnidae, Mackerel Sharks

 .etorhinus maximus, basking shark

Family Carcharhinidae, Requiem Sharks

l'rionace glauca, blue shark

Family Squalidae, Dogfish Sharks

."ornniosus pacj iicus, Pacific sleeper

shark

F yriro agus coiliei, ratfis,h

Family NeiDichthyidae, Snipe Eels

Nernichthys avo<. etta, threadfish

Family Clupeidae, Herrings

<ardinops sagax, Pacific sardine

Fami1 y Engraulidae, Anchovies

Engraulis mordax, northern anchovy

Famil v Osrneridae, Smelts

I:ainily Alepisauridae, Lancetfishes

4lepisaurus ferox, longnose lancet t',sh

I'-'amil.y Myctophidae, Lanternfishes

Diaphus theta, California hearilightfish

S enobrachius leucopsarus, northern

lampfish

Tarletonbearu'a crenularis, blue

lan temfish

Fatti.ly Embiotocidae, Surfperches

:ymutogaster aggregata, shiner perch

r;rnbiotoca lateralis, striped seaperch

7/iacochilus vacca, pile perch

Fan; ly Sphyraenidae, Barracudas

5phyraena argentea, Pacific barracuda

Fatti' iy S tie haeidae, Pricklebacks

' umpenus sagitta, snake prickleback

I=am; iy Scombridae, Mackerels an.cl Tu»as

5arda chiliensis, Pacific bonito



F;.miiy Hexagramrnidae, Greenlings

t!phiodon elongatus, lingcod

Family Cottidae, Sculpins

 '..,ritonotus pugetensis, roughback

sculpin

l.~ptocortus armarus, Pac/ic staghorn
sculpin

Family Bothidae, Lefieye Flounders

 :i rharichthys sordidus, Pacific sanddab

 ,i'harichthys srigmaeus, speckled
sanddab

til e Pleuronectidae, Righteye Hounders

t-'r ppog ossoides elassodon, rlarheac.

sole

I.:opsetta i soiepis, butter sole

l.epidopsetra brlineata, tock sole

2.yopserra exilis, slender sole

,'I fi crosromus pacificus, Dover sole

Parophrys vetulus, English sole

F' atichrhys steliarus, starry flounder
l'<errichrhys melanosticrus, sand sole

l-',rrnil, Molidae, Molas

Aloia mola, ocean sunfish


