Sutor, MM, Cowles, JT, Peterson, WT, Pierce, SD.  2005.  Acoustic observations of finescale zooplankton distributions in the Oregon upwelling region.  Deep-Sea Research II 52:109-121.
Sutor et al. (2005) hypothesize that “discrete, finescale vertical distributions of phytoplankton and zooplankton may be common in productive upwelling areas.”  They collected data from two cruises and three offshore continental shelf stations off the coast of Oregon in June and August of 2000.  They collected data from echosounding equipment, CTD, ADCP, and various other high-resolution optical instruments.  The data was used to develop depth profiles for all the measured variables.  These include voltages, volume backscatter, and velocity over time.  Density and voltage as related to depth and time shows that the distribution of phytoplankton is highest between sigma t = 24.5 and 25.  Overall, phytoplankton is “distributed in discrete layers with sharp vertical gradients that often were associated with physical properties of the water column… (and) were concentrated in distinct… layers which were correlated to the density structure of the water column” (Sutor et al. 2005).  Also, the fluorescence at all three stations shows phytoplankton above 40m in horizontal layers.  The sharp vertical gradients were also observed in the fluorescence data.  In addition, the backscattering data was analyzed to determine the size and abundance of different organisms in the water column.  Zooplankton seems to be abundant at around 200 kHz, as suggested by Sutor et al. (2005).  Temperature and salinity measurements were checked to make sure they weren’t causing the scattering.  In conclusion, only station three shows strong evidence of correlation scattering and fluorescence.  However, the acoustic data had resolution of 1m, while the horizontal velocity data was to 8m.  So, research needs to be done applying the same technique, but with instruments with the same resolution.
Malkie., E, Alquaddoomi, O, Katz, J.  1999.  Measurements of plankton distribution in the ocean using submersible holography.  Measures in Scientific Technology 10:1142-1152.

Malkie et al. (1999) test the ability of a holography system to measure the distribution of plankton.  An optical shutter and film driver receives input from a laser passing through a cylindrical volume of 287-770mm long and 76mm in diameter.  The resulting holograms are doubly exposed, which allows for velocity and distributions to be recorded.  The images were classified by size and shape, taking into account gross morphological characteristics.  Also, for comparison, water samples were siphoned from the depth of optical recording and examined under an optical microscope.  A computer program scans the holographic video for particle information and freezes the frames for user identification.  Resolution is described as 10-20um, where individual structures like flagellum or frustules can be accurately identified.  Although the study was intended to measure plankton distributions, zooplankton and small larvacean were observed.  Figure 4 clearly shows examples of dinoflagellates, larvacean, and copepods.  The results of the study show particle concentration at depths of 2.4m, 4.5m, and 13.2m for both different species of diatoms and dinoflagellates and size of plankton particles.  One example is for small dinoflagellates, which have a concentration of 200/liter at 2.4, 600/liter at 4.5m, and 1200/liter at 13.2m.  In addition, most of the particles observed were of length 0-250um (~2500 particles/liter each depth) at the depths of 4.5m and 13.2m.  Less than 1000 particles/liter were observed at 2.4m.  Also, dinoflagellate fecal pellets were observed drifting below dinoflagellates as they made their “diel migrations to forage at night in the photic zone and… spend the day in deeper, darker regions” (Malkie et al. 1999).  The peak in dinoflagellate pellets is similar to night-time distributions of copepods.  In conclusion, zooplankton migration follows the change in depth of dinoflagellate/diatom population and their fecal pellets.
Davis, MW.  2001.  Behavioral responses of walleye pollock, Theragra chalcogramma, larvae to experimental gradients of sea water flow: implications for vertical distribution.  Environmental Biology of Fishes 61:253-260.

Davis (2001) hypothesized “that the vertical gradients of flow under low and high light could regulate the vertical distribution of walleye pollock larvae.”  Davis used laboratory tanks with uv-sterilized sea water and Brachionus plicatilus (rotifers) to track flow within the tanks.  He simulated light for 14h and darkness for the remaining 10h.  Low flow gradients from 0-3cm/sec were simulated from the surface and bottom of the tanks.  Different combinations of light intensity and flow intensity and origin were tested.  The results of his study show that walleye pollock larvae migrate down in high light situations and seem to avoid high flow.  Under all light and flow conditions, walleye pollock larvae were unable to swim if the flow exceeded 1.33cm/sec and avoided upwelling and downwelling currents.  The effect of laboratory conditions on the swim speed of walleye pollock larvae was not tested.  In addition, other studies suggest that due to the lack of predators fish larvae have reduced swim speed in the laboratory.  However, those studies lacked appropriate environmental stimuli, such as light and flow.  These observations suggest that walleye pollock larvae would try to avoid strong wind mixing events, and experience a lower survival rate.  This occurs, since swimming below the strong flows, exposes the larvae to lower light levels, insufficient for feeding.  Other authors have contrasting viewpoints.  On one hand, larval survival is attributed to low flow conditions.  On the other hand, high flow, which increases nutrients for larval food, is attributed to larval survival.  So, walleye pollock larvae have been shown to prefer low light and flow conditions and avoid circular mixing and high flow conditions.
Tremblay, MJ, Sinclair M.  1990.  Diel vertical migration of sea scallop larvae Placopecten magellanicus in a shallow embayment.  Marine Ecology Progress Series 67:19-25.
Tremblay and Sinclair (1990) “investigate whether sea scallop larvae vertically migrate in a shallow embayment in the outer Bay of Fundy.”  Previous research by the authors did not detect any vertical migration of sea scallop larvae in 10m intervals.  So, the authors decided to increase the resolution of detection.  The research site at the Bay of Fundy was chosen due to its weak tidal currents, allowing for sampling of larvae from a pump.  The sampling occurred every 2 hours for 50 hours at depths of 0.5-5m, 5.5-10m, 10.5-15m, and 15.5-24m.  Results show that sea scallop larvae were densest in the upper 10m.  In addition, nighttime density was greater in the upper 5m, while only during the day did larvae go below 10m.  So, sea scallop larvae seem to migrate down during the day and up at night.  Although, east-west current speed at 10m is the only significant correlation with larval concentration.  As the current speed peaked at 10m in the east direction, depth averaged scallop larvae migrated deepest.  However, this effect is most prominent for larvae of medium size (148-221um).  For large larvae (>221um), there is hardly any migration at all.  Although, the small size larvae (<147um) slightly increased depth with increase in 10m east current speed.  In conclusion, center of mass of sea scallop larvae follows a diel vertical migration, rising at night, and diving during the day.  Also, “there is a critical level of water column stratification below which sea scallop larvae are unable to form aggregations.”  This critical level occurs when the turbulence exceeds the larvae’s power to swim.
DiBacco, C, Sutton, D., McConnico, L.  2001.  Vertical migration behavior and horizontal distribution of brachyuran larvae in a low-inflow estuary: implications for bay-ocean exchange.  Marine Ecology Progress Series 217:191-206.
DiBacco et al. (2001) hypothesized that vertical migratory behavior in Pachygrapsus crassipes (Grapsidae) and Lophopanopeus spp. (Panopeidae) controlled horizontal transport in San Diego Bay (SDB), a low-inflow estuary (LIE).  Pachygrapsus crassipes exhibits vertical migratory behavior, while Lophopanopeus spp. does not.  A 2-dimensionnal computer simulation (TRIM2D) was adapted to predict larval transport with and without vertical transport.  A 3-D model was not needed since there is no vertical stratification or buoyancy-driven exchange.  The larval release in the simulation was at Sweetwater marsh in SDB, during the nighttime flood ebb and springtime tidal conditions.  Larval samples were obtained from the Coronado Bay Bridge (CBB) and the San Diego Bay Entrance (SDBE) at different depths and across the channel.  These samples were used to determine larval abundance and conduct laboratory simulations.  Pachygrapsus crassipes migrated to the surface during nocturnal ebb tides and migrated to the sediment-water interface during flood tide.  In fact, they burrowed in the bottom sand layer (2cm below) when hatched in the laboratory.  So, they may use this strategy to avoid transport by unfavorable flood tides.  TRIM2D simulations show that Pachygrapsus crassipes are more effective in leaving SDB when they settle on the bottom during the flood tide.  On the other hand, Lophopanopeus spp. does not exhibit vertical migration and therefore, rely on the flood and ebb tides for horizontal migration.  However, in a LIE such as SDB, there is little freshwater input, so they experience limited net transport.  In addition, samples show that Lophopanopeus spp. was distributed evenly throughout the vertical column in SDB.  So, based on observations and model results, DiBacco et al. showed that Pachygrapsus crassipes relies on vertical migration to exit the SDB, while Lophopanopeus spp., which has no vertical migration, remains in SDB.  This study shows the importance of vertical migration for horizontal transport in a low-inflow estuary.
Marta-Almeida, M, Dubert, J, Peliz, A, Queiroga, H.  2006.  Influence of vertical migration pattern on retention of crab larvae in a seasonal upwelling system.  Marine Ecology Progress Series 307:1-19.

Marta-Almeida et al. (2006) hypothesized that “diel vertical migration (DVM) is able to retain larvae of the littoral crab Carcinus maenas over the shelf of the northwestern Iberian upwelling system.”  They were interested in the ability of DVM to retain larvae in areas without prominent coastal or bathymetric features.  This way, the authors could rule out currents generated by topography, and focus on the effects of DVM.  So, they used ROMS, a 3-dimensional numerical circulation model.  This model simulated the coast of Portugal, which lacked the prominent coastal and bathymetric features.  Carcinus maenas were introduced into the system as particles.  These particles were released in Ria de Aveiro (NW Portugal), and given the ability to vertically migrate, but no horizontal motion.  They were tested in both upwelling (spring, northwesterly wind) and non-upwelling (winter, southerly wind) scenarios.  Groups of particles were released in the model at different levels in the water column.  Since, larva hatch during nocturnal neap ebb tides, the particles were introduced to the model at this specific time.  They were given specific behaviors to replicate vertical migration within a water column divided into 6 vertical parts.  During the day, 80% of the particles were at the bottom, and the next 2 layers up had 10% each.  At night, half of the 80% from the day remained, while the remaining particles were distributed at 10% per level, with 20% at the surface.  The models were run for 5 weeks, since that is the average development time of Carcinus maenas.  The results show that during both spring and winter releases, wind has an effect on the horizontal distribution of Carcinus maenas.  In addition, during periods of upwelling, particles with diel vertical migration (DVM) are able to maintain position in the inner shelf.  In conclusion, “upwelling conditions do not necessarily lead to offshore transport of larvae.”  However, organisms which do not exhibit DVM are likely to experience offshore transport during upwelling events.
