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Tepics & practices:

Value & availability: of zeoplankton tine Series
DIVersity off samplingl designs

Medes and time: scales; off varianility,

Data transiermation: & averaging

Removing seasenal cycle -= Climatology/

Deviations fren' climatelogy’ -= Anomalies
s Dealing with data gaps
s Companng| years within data Sets
x Comparing taxa within data sets
s Comparing acress data sets

\isualization tools



Advantages off mesozooplankton for
tracking & interpreting ‘Ocean Change’

Key Intermediate step 1n marine feed WehSs
AbuUndant: andf relatively easy te samjple

Life cycle duration (>=phyteplankton,
=<fish) allews geod respluticn/respoense at
seasenal-te-interannual time: scales

NG direct fiIshern/ == reduces ambIguity.
apout cause off elserved poepulation changes






Diverse sampling methods & schedules
pPut most share the following traits:

Densest coverage along continentall margins
Sampling gear: fairly basic

Best fer mesozooplankton (=1mm-1 cm).
Smaller, larger, or fragile taxa under-sampled.

Samplingl interval weekly-to-annual
(Varies with| distance: to) home port)

Longer time series often contain:
— TIme gaps
— Changes inisampling grid or method
— Changes In ‘taxonomy’



Diverse sampling designs:
(1) Freguent sampling at a single site

Examples:
Plymouthr L4* (@t right)
Helgoeland Reads
INaples Bay,
Station P.
Hawalir Ocean| Time-sernes (HOW)
Newport NHS
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Typical Advantages:
Erequent & regular

Year-round), geed reselution of
seasonal cycle

Ease: of visualization & analysis

) AANPEAIUD |

Typlcal DlsadvantageS: 1989 199 1;93. 1995 1997 1999 211'!1 2003 .-_‘
Lack within-sampling-period
replication
Ofiten| very: nearshore




Diversity of sampling designs:
(2) Repeat surveys of ‘standard” line or grid

Examples:
CalCOEI (at rght top)
Korean coastal waters: (at right lbettien)
Georges Bank GLOBEC
\Vancouver Island margin
Hokkaider A-line
Cine P

ypical Advantages:

Several peryear — fali-to-goed: resolutien of
seasonal cycle

Can compare 2D patterns (zoeplankien, chifa;
T, S, currents)

Can’ guanuiy and/ox filter spatial patchiness

Typical Disadvantages:
Mix of day: and night samples
Aliasing off phenelegic varialbility
May: consume lots of dedicated ship time




Diversity off sampling designs:
(3) Variable locations within “Statistical Areas’

Examples:

Continuous Plankton
Recorder (at lefit)

IMARRE (Peru)

Earlier parts of the ODATE
data set (Japan)

Benguela Current

Typ|ca| Advantages: Typlcal Disadvantages:
Good resolution| ofi seasonal Mix of* day’ and night samples
cycle Varahle sampling-lecation
Economical (multi-tasked aliasing? of spatiall structure
ships)

Can classify/stratify samples
Dased on Water properties
(ODATE)



Diversity off sampling designs:
(4) Annual (or less freguent) expeditions

Examples:
Hokkaidoe University: training-ship: cruises
Icelandic zoeplankion moeniterng program
Moest Arctic and Seuthermn ©cean surveys

Tpical Advaniages:
‘Distant waters' & extensive spatiall coverage
Can map changes In large scaler Zzeogeography.

Tpical Disadvanitages:
Poor or no reselution of seasonal cycle

Significant confounding off varianility’ ofi sampling date, seasenal
cycle, and phenoelogy



All four designs face similar challenges!!

Separating multi-year change from other large ‘real’
sources of variability (seasonal, spatial, diel, ....)
[filtering methods, ‘anomalies’ from region climatology]

Detecting & correcting data biases
[intercalibration & standardization of gear & taxonomy]

Statistical consequences of temporal autocorrelation
[‘effective degrees of freedom’ < n, ensemble averaging]

Sensitivity & consistency of analysis & interpretation
[‘common currency’, intercalibration/standardization of
data processing methods]



Other big components (2) persistent ‘regional’ patchiness
of zooplankton
variapility:

Macro-zooplankton
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Mean horizontal distribution of summer zooplankton blomfiss, 1966-1934 (courtesy

(3) transient ‘small-
scale’ patchiness
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Pseudocalanus mimus abundance (red circles) near
a coastal-origin eddy {mapped sea surface height),
Mackas & Galbraith 2002,

(4) Changes in
vertical
distribution &
catchability

DVM cartoon from website of
Marianne Moore, Wellesley Univ.




Selective averaging and! differencing are the
main strategies; for partitioning zooplankton
variability.

Source/scale) o1 vamnaniiy

Hovy:aealt witli

Unresolved small-scale: patchiness
plus sampling errer

Minimized by averaging of
Teplicates” at alll levels

Persistent mesoscale: spatial
structure

Stratification of samples Into
Soeltlzll e\erzieflnfe) LialEs

Annual seasenall cycle

‘Climatoelogy’: everaging within
SEaSONS| ACroess years

Interannual & decadal Varability

Anenialies s SpeEcEsimeE aVeraged
GEVIaWENS from) climatology.

‘Glebal warmingl trends

As for decadal




The art off averaging zoeplankten datas:
Noen-noermal underlying statistical distrbutiens!

PDEs: for single' samples are
discreter and almest always
‘contagious” or ‘patchy’

Olserved! varance
~Hd + K|J2 (Cassie 1963)
(Poissen) (=leg nermal)
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Asymmetric wWith) streng positive
skew! (not as big a preklem as in
the past, but still'a ne-no fier
many parametric tests &
COMpPArisens)

Number in sample




Three common alternatives for averaging
(net yet a clear ‘best choice’ for all cases):

Arithmetric mean
2B./(n-1)

Advanitages:
Unlbiased
Easy te calculate
Uses all data

Disadvantages:
Noisy.
Asymmetric error

bars, unless mavery
large

Sampling biases
multiplicative

Geometric mean
(E)
(BruirusuaiiyAderyved as

arthmetichmean oifleeB?)

Advantages:

Narrow & Symmetric
error bars

Easy to calculate
Uses allidata

Sampling biases additive
& easy to filter (moere
later)

Disadvantages:

Biased low relative to
arithmetic mean

Input data must be >0.
May requires an additive
data offiset (not
necessarily +1)

‘Trim means’

(discardi®% firemrtails ol
disthUiben 9Elere
diitIMELE OF
gEOmELrHCaVveraging)

Advantages:

Often excludes ‘bad’
data

Noew: availalsle i
many. stat packages

Disadvantages:
Usually biased lew,

Discards goeod data
(@ preblem Ifi 77.1s
small))

Subjective, behavior
hard te decument



WIG125 Is developing averaging toels ana
exploring how: methoed cheice affects estimates
(e.qg. of seasonal cycle)

Naples Bay biomass (G. Mazzocchi)

'he densely-sampled
coastal time Seres
(Naples, [4, Helgeland)
ar:_e especially: usefulffior
LAIs.

I /7S large: R fprelobt (mojma)
g - Geometric mean
= Boti arithmeticiand
geometrici means have: Very.

similar patterns (compare
red & blue lines)

s Bias of the geometric mean
IS present but small
compared to the overall
scatter (black symhols)

Biomass density (log scale)




What I the sampling IS Iess dense
(rsmall or time coverage gappy)?

= Climatologies
calculated from
randomized 50%
subsample (grey
lines) track the
‘100%’ patterns
(blue or red lines)

= Peak timing
more erratic than
level

= Downward bias
of geomean is
proportional to
within-time-
period variance

Total Zooplankion (#im3)
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Total Zooplankton (#im3)
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Arithmetic Means

Helgoland Roads
Abundance
{data from W. Greve)

Plymouth L4
Abundance
{data from R. Harris)
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Maples Bay
Dryweight
(data from G. Mazzocehi)
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What among-year comparisons might we want?

Timing Data courtesy W. Greve
of peak(s)
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 In principle, can estimate all of the above from low-order
harmonic fits to each year’s data (e.g. Dowd et al. 2004)

B, = a + 2Cj*sin (Jjt+®;)
 In practice, data gaps & lack of within-time-period
replication limit usefulness of this approach



Alternative fier among| year comparison:
Derive anomalies; A, 1
(ditferences ofi data: 5, fiom: climatelegy: 5)
oK each elsern/ation’ pernoad

= Anomalies (mostly  here)
can be averaged to give an
annual anomaly A,

= Three commonly used
eguations:

A; = log (B/E)
A= (BI-B_)/E

At= B,- B
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The first two are unit-free
) ¥ ol

ratios measuring % char_lge {9 3 4 5 8 7 8 9 10 11 12

(more later on why this is Month

useful). The last has the

same units as the raw data.




Withy sufificient data, all' tiaree A, estimates yield similar
multi-year time series.
The log scale index Is usually: Iess: noisy.

Naples Zooplankton Biomass Anomalies

b

Ratio Ahoms
[Log(Bt/Bclim) & (Bt-Bclim)/Bt]
Linear Scale Anomaly {mg/m3)
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Data courtesy G. Mazzocchi




Beware of using everalllannual mean for B (especially if
seasenality Is strong and sampling Is infreguent)i!!
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Measurements obtained before or after the annual peak in a
“good year” (red) will often be lower then measurements made
closer to the peak in a “bad year” (blue)



Comparisons hetween zooplankton time Seres

Regional time: seres) differf in: sampling methedelegy,
depth range;, gear bias, and/er URIts) off measurement.

Resistant 1o cenversion: to externally-Impeseadl standarad
metioeds’ hecause:

s Methodi changes risk less of time continuity (2 Serieus, Cencern
poth internally and externally)

s Locallmethods are usually eptimized fior local conditions
(Have yeu ever processed 100p-meshinet samples fremian
Upwellinelregion??)

s Costs off change are local, benefits largely extenaal

s Biological eceanegraphers are: rabid imdividualists:
“I"d sooner use his toothbrush than his #*1&@ method”.



Nevertheless, the dimensionless anomalies A,
previde a basis for guantitative comparison!

ARy anadlall programs; can compare: raues, of Iocal Withia:
survey means (of one-to-many samples) to local
climatoeloegies (ased on many samples)

Withrsufficient averaging), the: eutputs; relially show.
clhianges Inrelative: amount (2x more, 3x less, ....)l AND

Ellter out seasonall cycle;, spatial’ patchiness, AND

Filter out any: persistent local gear bias.
Tnis Isibecause the biasic Is infboth the'local data
[numerater] anadl the locall climatelogy: [deneminater]

A, = c(B-B)/cB o)f A.= log (cB,/cB)



Comparison/compositing of species time Series:

Taxa sharng ecolegical T
RIChE O)f Zeegeograpnic
affinity: often have similar
tine seres, buit diffier
greatly’in mean; andl peak 'i WH
abundance Zwmﬁw e —"

:!g'ﬂ‘ﬂ 1960 1970 1980 1980 2000 19‘50 1960 1970 1980 el 000

fareucainnus arrenuaru

’;I'EOC-BIBHHS gracilis

1D

AS abundance gets lewer,
‘noeIise’ Increases (variance
progressively more
dominated by PeISson:
distrbuited sampling erier) Laabisgialtpitbidus

1 -I t .

4 A Mesocalanus lighti ne T

IHOW, can We eSt identiiy : THRE
¢ y y I | :
shared pattenn’? 4y e

1950 1860 1870 1880 1960 2000 1950 1960 1870
Year

Abundance & anomaly time series of 5
“central/equatorial Pacific” species In
the CalCOFI region



Choices for averaging/merging ofi single species anomalies:
Linear, Ratio (linear or log-scale), ‘standardization’, PCA

5 Central/lEquatorial Copepod Species

Linear & unstandardized — ] ——

outcome weighted by mean -
abundance (therefore strongly | |
dominatead by abundant taxa)

1950 1980 1970 1980
3
standardized (s.d.)

Standardization — all taxa (and 2| anomalies (mean)
thelr asseciated neise) have 'l.l.h:_

identical weigni ° |-

B R LRt TR TR TSP PR

1960 1870 18980

‘Ratieo’ — average weighted by %
change for each Species

Prncipal Cemponents — large eso 1m0 o0 1seo
covarance (- or ) emphasized,
‘SPECIes-SpPecific’. compenents; are
Iselated (& usually ignoered)

PCA score

Outcome of manipulations: all derived time series are strongly correlated
‘Ratio’ Is the smoothest.
PCA? or ‘Ratio’ ? best captures the core shared pattern



WG125 Data Visualization Tools

A posterior/Inference Is Very: prone to
misusel!

Despite the aboeve:
“You leaim a lot by leoking™ (Berra)
WYSIWY G = What youl see Is Whalt
you get’ (Apple/Maclntesh?)
WYDSYWNC'="* What I don't see
somehow, | will'mever consider” (DLV
+ many/ others?)

Al prio/ data exploration Is risky: but also
very useful. Let’'s usicompare across
years andl regiens:

s Raw time series

s \Within-year-anemalies,

x Annualianomalies

Lesson learned:
s Anoemalies are often truly ‘annual’
to ‘interannual’ in duration




Planned additions to the WG125 “Tool Kit’

Viore: visualization: toels

Vetheds fierr companng synchreny: and
abruptness: eff changes

Eree-ware  routines (prehably mostiy in R

Conseguences of spatialiand temporal
autecojrelation

Viere en covarance ameng SPECIES and Varous
measures ofi cendition:



I you have a zooplankton time
series you are willing te include in
the comparison, please: contact us.







Spares; fior
guUEestions



Standardization & intercalibration
of sampling methods
Method changes risk loss of time continuity (a serious concern)

Net intercalibrations are feasible (e.g. McKinnell & Mackas 2003).

- Mesh size, flow metering, tow depth all matter, but
- Modern nets (if flow-metered) perform similarly
- Correction factors often small compared to real signal
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Many North Pacific examples of interannual change
In total zeoplankten bieomass: (continental margins)

SOUTHERN CALIFORNIA Canada - South Vancouver Island NORTHERN JAPAN mmmém
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Ohman, updated from Mackas et al 06 Chiba et all 05
Lavaniegos & Ohman 03




Summary oft zeoplankton biomass variability:

Amplittde - 3 to 5 fold range
JPOIIARL UITE SCAICS (=5alI1e)as PIySIcal erVvironRnernL)
Interannual = 1-3 year duration
decadal ‘regimes® = 5-20 years, abrupt transitions?
‘climate trend” = 50-100 years and lenger
covariance: With ecean climate. (stratification, winds &
currents) and with various: fishery indices (cateh,
survival, recruitment

1985 e TS Tead a5 L] TS 000



(1) & (2) can be
(1) seasonal cycle reduced/eliminated by
estimating and
tof Oetionrer subtracting a baseline
climatology (log
transformation often
useful)

1955 1960 1965 1970 1975 1980

Transition Area

mean = 7.8 g/m2

Macro-zooplankton
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Mean horizontal distribution of summer zooplankton biomass, 1856-1834 [courtesy K. Tadokoro)

1955 1960 1965 1970 1975 1980 1985 1990

., (2) persistent ‘regional’ spatial pattern



Standardization & intercalibration
of sample processing and data analysis:

Continuity/comparability of ‘taxonomy’ and
‘archival categories’:

<Rarely addressed

<\Worst dangers come when data user # data
originator

=Safer to analyze at less than full taxonomic
resolution??
Standardization/intercomparison of data analysis

<Also needs more work (or play)



