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We investigate planktonic larval transport processes along an
axially symmetric mid-ocean ridge with characteristics similar to
that of the East Pacific Rise (EPR) segment at 9-10°N.  The
hydrodynamic basis for this study is a primitive equation model
implemented in two dimensions (depth and across-ridge),
forced at the open boundaries to provide suitably realistic
simulation of currents observed on the EPR ridge crest from
May to November 1999.  Three-dimensional trajectories of
numerical larvae are computed assuming homogeneity in
currents in the along-ridge direction.  Larval dispersal fluctuates
significantly in time.  Transport distance decreases
systematically with height above the bottom where numerical
larvae are less subject to strong currents along the flanks of the
ridge.  The probability that the simulated larvae will be located
near the ridge crest at settlement depends strongly on their
behavioral characteristics (vertical position in the water column
during the larval stage) and the length of their precompetency
period.

1.  Physical Simulation

1.1.  Hydrodynamic model: Lavelle (JGR, 2006)
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2-D, primitive equation, baroclinic, hydrostatic, stretched coordinate system
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Measured at the ridge

Forcing: a simple inverse procedure to deduce body forces required to simulate
observed currents at the ridge crest:
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2AB =Trial forcing:
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Predictions at the ridge
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Posterior forcing estimate

Initial conditions: climatological T/S profiles, spatially uniform

1.2.  Simulated and observed currents
Aanderaa Current Meter, 175 mab, May-Nov 1999 

With the open-boundary forcing inferred from the current meter data, the
model provides a realistic simulation of the ridge crest currents.  Cross-ridge
flows are on the order of 10 cm s-1, and subtidal along-ridge flows are 4-8 cm
s-1, which are typical of observations over the ridge crest at depths of 125-175
mab (Thurnherr et al., submitted to Deep-Sea Research I).  Velocity
fluctuations are an order of magnitude larger than the mean flows, the latter of
which contain only 0.9% of the total kinetic energy.  Longer-period oscillations
are more prominent in the meridional direction than the zonal direction.
Simulated velocities are highly correlated with observations, and the model
captures the standard deviations of the observed currents to within 5-7%.
Root-mean-square differences between simulated and observed velocities
are 50% or less of the standard deviation.

1.3.  Simulated currents: May-Nov 1999
Zonal                            Meridional                          Vertical
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1.5.  Currents in the EPR system Oscillatory flow
enhances vertical
mixing.

Isopycnals dome
above the ridge and
plunge below the
ridge.

Displacement of the
density surfaces
leads to flank
currents in
approximate
geostrophic balance.

Secondary
circulation: mean
downwelling is fed
by horizontal
convergence at the
top of the cold dome,
and divergence at
the crest.
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Lavelle et al. (in prep).

1.4.  Flank currents: comparison with observations

LADDER Bottom-mounted ADCP Nov 2006 – Nov 2007
Simulated currents:  May-Nov 1999
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A time-mean velocity profile derived
from a moored profiler located 10km
west of the ridge axis at 9° 30’ N
confirms the existence of the flank
flow predicted by the model.  Although
the magnitude of the observed current
falls within the envelope of simulated
mean profiles between the crest and
15km off-axis, the vertical extent of
velocity maximum is broader in the
model than in the observations.  The
fact that the velocity profile
observations come from a time period
different from the current meter record
used to force the model suggests the
flank currents are a persistent feature
of the mean circulation of the ridge
system.

2. Larval Simulations

Larval life span: 30 days

Behavior:
     Passive:10 mab
     Balloonist: 75, 125, 175, 225 mab

Instantaneous ascent and descent

Precompetency interval: sensitivity analysis
     5, 10, 15, 20, 25, 30 days

2.1.  Particle Positions after 30 Days

2.2.  Trends in larval retention
(1 km bin on ridge crest)

Overall settlement rates of the
simulated larvae, calculated as the
fraction of particles in the water
column directly above the ridge crest
at the end of the 30-day larval life
span, ranges from <1% to nearly 5%.
Settlement systematically increases
with height off the bottom of the initial
release points, such that particles
released 225mab are approximately
three times more likely to be located
over the ridge crest at the end of the
larval life span.  Temporal variations in
settlement are substantial, with more
than fivefold differences amongst the
bi-monthly bins.

All else being equal…

-- Species with passive larvae would be the first to re-colonize a
new area (longer dispersal distances)

-- Species with a balloonist larval stage can achieve a self-
sustaining population with lower fecundity than those with a
passive larval stage (higher retention)

Hypotheses

Retention is sensitive to vertical position
        3-fold variation in time-mean retention
        range: 1% (10mab) to 3% (225mab)

Retention is time-dependent
        up to 10-fold variation in monthly mean retention

Dispersal distance is sensitive to vertical position
        10 mab: ±200km along-ridge
        225 mab: ±100km along-ridge

Flank currents play a major role in larval dispersal

Conclusions

Settlement (%) as a function of release
depth and precompetency period

2.3.  Time-mean PDFs as a function of
depth and precompetency interval

The degree of retention is highly
sensitive to the period of
precompetency.  Even a modest
decrease in precompetency period
from the larval life span improves the
odds of settlement by an order of
magnitude or more: for particles
released 10mab, retention increases
from less than 1% for a 30 day
precompetency period (2.2) to ca.
15% for a 25 day precompetency
period (2.3).  This large increase in
the proportion of larvae that settle
successfully on the ridge reflects the
fact that larvae with a
precompetency period shorter than
the life span benefit from a longer
time interval over which settlement
can occur.

The northwest-to-
southeast orientation
of the time-mean pdfs
results from the
tendency for mean
flow to the north on
the western flank of
the ridge, and
southward flow on the
eastern flank of the
ridge (1.3).
Decreasing dispersal
distance with height
above bottom reflects
less vigorous currents
aloft. If the larvae
have a
precompetency period
shorter than their life
span, there is a longer
time interval over
which settlement can
occur.  If they have
the ability to sense
favorable habitat and
settle on that cue,
retention along the
ridge can increase
dramatically (rows 2-
4).Currents in the vicinity of the ridge contain significant horizontal and vertical

structure in both their time-mean and fluctuating components. Strongest currents
occur along the edges of the ridge, with a time-mean of 5 cm s-1 directed
poleward on the western flank and equatorward on the eastern flank.  These
meridional jets span from 2400m to 3000m depth, and extend 10km in the zonal
direction.  Transport in the two jets averages 0.19 and -0.34 Sv over the course
of the seven month simulation.

Monthly distributions
of trajectory endpoints
indicate that the
numerical larvae can
travel up to hundreds
of km in the along-
axis direction, but
their net displacement
in the cross-axis
direction does not
exceed ±20 km during
their thirty-day life
span. Patterns of
dispersal vary
significantly in time.
In June-July and
August-September
cases, maximum
dispersal distances
were up to 200 km to
the south of the
release point (a
distance comparable
to the total length of
the 9-10°N ridge
segment).  In June-
July, almost 50% of
the total number of
particles exceeded
100 km displacement,
with a bimodal
distribution (one to the
NNW and the other to
the SSE).  Dispersion
is also highly sensitive
to vertical positioning.
Particles farther off
the bottom traveled
shorter distances and
had a higher
probability of resupply
to the ridge crest.
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